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TRANSLATORS  PREFACE. 


The  several  Editions  of  Professor  Rudolf  Wagner's  "  Handbuoh  der  Chemischeti 
Technologie '*  have  succeeded  each  other  so  rapidly  that  no  apology  is  needed  in 
offering  a  translation  to  the  public. 

There  is  little  to  be  said  as  to  the  arrangement.  Improvements  in  Technological 
processes  that  have  appeared  since  the  publication  of  the  Eighth  German  Edition 
have  been  added  during  translation.  Only  when  necessary  have  Foreign  weights 
and  measures  been  stated  in  English  equivalents ;  where  the  point  has  been  one  of 
comparison,  the  weights  have  been  left  unaltered.  The  Metrical  System  has  in 
some  cases  been  of  great  service  in  avoiding  the  repetition  of  tiresome  distinctionB 
between  English  and  Prussian  grain  weights,  English  and  Bavarian  foot  measure, 
Ac.  The  formula  have  been  subjected  to  carefol  revision,  and  are  molecular 
throughout  Indeed,  every  care  has  been  taken  to  merit  the  confidence  of  the 
manufacturer  and  of  the  student. 

Under  the  head  of  Metallurgical  Chemistry,  the  latest  methods  of  preparing  Ir(Mi, 
Ckibalt,  Nickel,  Copper,  Copper  Salts,  Lead  and  Tin  and  their  Salts,  Bismuth,  Zinc, 
Zinc  Salts,  Cadmium,  Antimony,  Arsenic,  Mercury,  Platinum,  Silver,  Gk>ld,  Man- 
ganates.  Aluminum,  and  Magnesium,  are  described.    The  various  applications  of 
the  Voltaic  Current  to  Electro-Metallurgy  follow  under  this  division.    The  Prepara- 
tion of  Potash  and  Soda  Salts,  the  Manufacture  of  Sulphuric  Acid,  and  the  Recovery 
of  Sulphur  from  Soda- waste,  of  course  occupy  prominent  places  in  the  consideration 
of  chemical  manufiEustures.     It  is  difficult  to  over-estimate  the  mercantile  value  of 
Mond's   process,    as    well    as    the    many   new   and    important    applications    of 
Bisulphide  of  Carbon.    The  Manufacture  of  Soap  will  be  found  to  include  much 
detail.     The  Technology  of  Glass,  Stoneware,  Limes,  and  Mortars,  will  present 
much  of  interest  to  the  builder  and  engineer.    The  Technology  of  Vegetable  Fibres 
has  been  considered  to  include  the  preparation  of  Flax,  Hemp,  Cotton,  as  well 
AS  Paper  Making;   while  the  applications  of  Vegetable  Products  will  be  found 
to  include  Sugar-boiling,  Wine  and  Beer  Brewing,  the  Distillation  of  Spirits, 
the  Baking  of  Bread,  the  Preparation  of  Vinegar,  the  Preservation  of  Wood,  Ae. 


iT  TRANSLATOR'S  PREFACE. 

Dr.  Waonxb  gires  much  information  in  reference  to  the  production  of  Potash 
from  Sugar  residaes.  The  use  of  Baryta  Salts  is  also  folly  described,  as  well  as  the 
Preparation  of  Sngar  from  Beet-roots.  Tanning,  the  Preservation  of  Meat,  Milk, 
&c.,  the  Preparation  of  Phosphorus  and  Animal  Charcoal,  are  considered  as 
belonging  to  the  Technology  of  Animal  Products.  The  Preparation  of  the  Materials 
for  Dyeing  has  necessarily  required  much  space ;  while  the  final  sections  of  the 
book  have  been  devoted  to  the  Technology  of  Heating  and  Illumination. 

We  cannot  let  this  work  pass  out  of  our  hands  without  expressing  the  hope 
that,  at  no  distant  date,  Chairs  of  Technology  will  be  founded  in  all  our  Univer- 
sities, and  that  the  subject  will  be  included  in  the  curriculum  of  every  large  school. 

LoMDOM,  May,  1872. 


AUTHOR'S    PREFACE    TO    THE    EIGHTH    EDITION. 


Tux  Eighth  Edition  of  my  "  Chemischen  Technologie'*  having  followed  the  Seventh 
within  two  years,  bat  few  words  of  introduction  are  necessary. 

The  arrangement  of  the  subject-matter  in  former  Editions  has  essentially  been 
left  unaltered,  with  the  exceptions  that  I  have  brought  the  consideration  of  the 
materials  and  products  of  Chemical  Industry,  and  the  Technology  of  Glass  and  of 
Stoneware,  in  former  Editions  arranged  as  one  section,  under  distinct  headings. 
The  various  processes  of  Chemical  Manufacture  have  had  much  detail  added.  The 
descriptions  of  the  Technological  Preparation  of  Alkali  and  Ammoniacal  Salts, 
as  well  as  of  the  Tar-colours,  have  in  consequence  of  the  extended  application 
of  these  products,  been  much  enlarged.  The  Chemical  formule  are  molecular 
throughout. 

Of  the  present  Edition  translations  will  be  made  into  English  by  Mr.  William 
Crook£s,  of  London,  and  into  French  by  Professor  L.  Gautisr,  of  Melle,  Deux- 
S^vres.  A  translation  into  Dutch  of  part  of  the  Seventh  Edition  that  has  recently 
appeared  has  been  made  without  my  permission  or  that  of  my  publishers. 

The  First  Edition  of  this  work,  written  whilst  I  held  the  position  of  Private  Tutor 

in  Chemistry  to  the  Philosophical  Hacnlty  to  the  High- School  of  Leipsic,  appeared 

in  September,  1850.    The  Second  in  May,  1853,  and  the  Tldrd  Edition  in  July, 

1856,  were  presented  to  the  public  during  my  Professorship  of   Technological 

Chemistry  in  the  Imperial  Industrial  Schools  of  Nuremburg.    The  later  Editions 

appeared — 

The  Fourth  in  May,  1859, 

Fifth  in  May,  1862, 

Sixth  in  October,  1865, 

„    Seventh  in  March,  1868, 

during  intervals  in  my  official  duties  in  Wurtzbnrg ;  and  in  these  I  have  been  much 
assisted  by  the  contributions  and  suggestions  of  many  friends,  to  whom  I  now  tender 

my  sincere  thanks. 

Dr.  RUDOLF  WAGNER 

UVIVXBSITT  or  WUBTZBUBO, 

December  loth,  1870. 
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Chimney  Heating,  733.  Stove  Heating,  733.  Iron  Stoves,  734.  Fire-clay  Stoves, 
734.  Compound  Stoves,  735.  Air  Heating,  737.  Calorifiers.  738.  Flue  Heating, 
739.  Hot  Water  Heating,  739.  Heating  with  Steam,  740.  Combination  of  Steam 
and  Hot  Water  Heating,  740.  Gas  Heating,  740.  Heating  without  Ordinary  Fuel, 
740. 

BoiLEB  Heating  and  Consumption  of  Smoke. — Boiler  Heating,  740.  Smoke  Consuming 
Apparatus,  741.  Step  Grate,  742.  Etage,  or  Stage  Grate,  743.  Movable  Grate, 
743.  Chain  Grates,  743.  Rotating  Grate,  744.  Improved  Fuel  Supply,  744.  Pult 
Fires,  744.  Vogl's  Grate,  744.  Boquillon's  Grate,  744.  Apparatus  of  Cutler  and 
George,  ^44.  Apparatus  with  Unequal  Distribution,  744.  Consumption  of  Smoke 
by  the  Aid  of  Collateral  Air  Currents,  745.    Gall's  Fireplace,  745.    Resume,  745. 
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Man's  labour,  considered  from  an  economical  point  of  view,  is  of  a  threefold  kind,  being 
either  productive,  improving,  or  converting.  We  distinguish  likewise  between  the 
productions  obtained  from  the  soil  taken  in  its  widest  sense,  and  between  commerce 
and  manufacturing  industry. 

The  department  of  labour,  the  object  of  which  is  to  prepare  and  render  fit  for  use 
the  raw  materials  yielded  by  nature,  is  that  which,  in  a  more  restricted  sense,  is 
called  manufBusturing  industry,  and  the  description  and  elucidation  of  the  methods 
by  which  this  object  is  attained  is  called  technology,  from  rkxvrj  and  \oyoc.  Taken  in 
a  general  sense,  this  word  would  apply  to  all  trades,  arts,  and  manufactures  what- 
soever; exclusive,  however,  of  actual  artist's  work — notwithstanding  the  latter 
exceeds  the  industries  in  respect  of  the  money-value  of  its  productions — and  exclusive, 
also,  of  such  trades  as  tailoring,  dress-  and  shoe-making,  in  which  only  certain  commo- 
dities from  materials  that  have  been  produced  by  manufacturing  industry  are 
worked  up. 

Mining  and  quarrying  operations,  as  weU  as  commerce,  do  not  belong  to  teclmology, 
because  the  former  deal  with  the  getting  to  hand  of  naturally  existing  materials,  and 
the  object  of  the  latter  is  either  the  canying  and  distributing  of  the  products  from 
various  parts  of  the  world  to  the  wholesale  consumers,  or  tlie  products  of  different 
kinds  of  one  and  the  same  country  to  the  population  thereof.  The  position  of  some 
industries  is  somewhat  difficult  to  define  in  tliis  sense,  for  wlule  metallurgy  and  the 
knowledge  of  tools  and  machinery  are  undoubtedly  an  integral  portion  of  technology, 
taken  in  its  widest  sense,  the  construction  of  railways,  roads,  and  bridges,  as  well 
as  shipliuilding,  architecture,  artillery  science,  &c.,  do  not  come  witliin  the  province  of 
technology,  but  belong  either  to  engineering  science  or  are  specialities  to  be  separately 
taught  and  described. 

Technology  is  not  a  self-contained  science  which  possesses  its  own  pecuUar  doctrine 
and  foundation;  it  simply  borrows  the  principles  and  experience  obtained  by 
mechanical  and  natural  sciences,  always  taking  into  consideration  the  best  mode  of 
applying  these  principles  to  the  preparation  of  raw  materials  to  become  objects  suitable 
for  use.  Technology  is  accordingly  practical  natural  science,  having  for  its  object 
the  reduction  of  manufacturing  industry  to  the  natural  principles  upon  wliich  it  is 
based,  and  teaching  the  most  advantageous  methods  and  processes  by  which  the  raw 
materials  are  prepared  for  use.  Raw  products,  which  are  either  in  the  condition 
nature  yields  them,  or  which  have  already  been  in  the  hands  of  the  manufactm*er,  are 
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changed  by  the  labour  of  men,  either  in  their  outward  form  only,  or  in  their  inner 
composition,  and  upon  this  distinction  is  based  the  division  of  technology  into 
mechanical  and  chemical ;  the  former  division  embraces  such  industries  as  have  only 
for  their  object  the  changing,  altering,  and  modifying  the  form  and  shape  of  the  raw 
material,  its  inner  composition  remaining  unaltered ;  as  instances  we  quote  the  joiner 
and  carpenter  working  in  wood,  the  making  of  iron  rails,  sheath  metal,  and  wire,  the 
casting  of  iron,  zinc,  and  alloys  of  copper  into  various  objects,  the  spinning  and 
weaving  of  various  fibres,  flax,  cotton,  jute,  to  become  materials  of  greater  value ;  also 
the  manufacturing  of  paper  from  rags,  of  horn  into  combs,  and  bristles  into  brushes, 
belong  to  this  section. 

Chemical  technology,  however,  deals  with  the  operations  by  which  a  raw  material 
is  not  only  changed  in  its  form,  but  especially  as  regards  its  nature :  such,  for  instance, 
is  the  case  with  the  extraction  of  metals  from  their  ores ;  the  conversion  of  lead  into 
white-lead  and  sugar  of  lead  (acetate  of  lead) ;  the  conversion  of  sulphate  of  bar3'ta 
into  chloride  of  barium  and  baryta  white  (permanent  or  Chinese  white) ;  the  conversion 
of  cryolite  into  sulphate  of  alumina,  alum,  and  soda ;  the  conversion  of  rock  salt  into 
sulphate  and  carbonate  of  soda ;  the  conversion  of  camallite  and  kainite  into  chloride 
and  bromide  of  potassium,  sulphate  and  carbonate  of  potassa;  the  conversion  of 
copper  into  verdigris  and  sulphate  of  copper;  the  manufacture  of  paraffine  and 
paraffine  or  crystal  oils  from  peat,  Boghead  coal,  and  lignite ;  the  preparation  of  kelp 
and  iodine  from  seaweeds ;  the  manufacture  of  stcarine  candles  (stearic  acid  properly) 
and  soap  from  oils  and  fats ;  the  preparation  of  sugar  and  alcohol  from  starch ;  the 
conversion  of  alcohol  into  vinegar ;  the  brewing  of  beer  from  barley  and  hops ;  the 
manufacture  of  pig-iron  into  malleable  iron  (puddling  process),  and  the  conversion  of 
malleable  iron  into  steel ;  the  production  of  gas,  coke,  and  tar  from  coals ;  tlie  extrac- 
tion from  the  tar  of  such  substances  as  benzol,  carbolic  acid,  aniline,  antliraceu, 
asphalte,  naphthaline ;  the  preparation  of  tar  colours,  as  rosaniline,  aniline  blue, 
Manchester  yellow,  Magdala  red,  alizarine,  iodine  green,  picric  acid,  Ac.  In  very 
many  cases,  however,  the  preparation  which  the  raw  materials  have  to  imdergo 
before  fit  for  use  is  simultaneously,  or  at  least  consecutively,  a  mechanical 
as  well  as  a  chemical  process;  for  instance,  in  the  manufacture  of  glass,  sand, 
potash,  Glauber  salt  (sulphate  of  soda),  carbonate  of  soda,  and  limestone,  are  first 
fiised  together  to  form  glass  (a  true  salt,  a  silicate),  and  the  soft  mass  is  next  wrought 
in  various  ways  to  form  window-glass,  tumblers,  bottles,  &c.  Another  instance  is  the 
manufacture  of  beet-root  sugar,  in  the  extraction  of  wliich  the  sugar  itself  is,  it  is 
true,  not  altered  or  changed  in  any  way  (this  being  as  much  as  possible  avoided),  but 
the  process  of  extraction  is  a  combination  of  mechanical  and  chemical  operations,  the 
latter  bearing  chiefly  upon  the  purification  of  the  sugar  so  as  to  free  it  from  adliering 
foreign  substances.  The  same  observation  applies  to  the  manufacture  of  starch,  to 
tanning  operations,  also  to  the  various  processes  of  dyeing  and  calico  printing. 

The  ceramic  arts  (tlxat  is  to  say,  the  manufacture  of  earthenware,  pottery,  china,  &c.) 
are  generally  included  in  chemical  technology,  although,  in  the  production  of  the 
objects  alluded  to,  the  mechanical  operations  and  fine  art  processes  predominate. 
Pyrotechny  (tliat  is  to  say,  the  consideration  of  fuel  and  of  its  most  useful  and  advan- 
tageous application  to  the  production  of  heat,  and  the  best  mode  of  constructing 
furnaces,  ovens,  chimneys,  &c.)  is  one  of  the  most  important  parts  of  chemical 
technology. 

From    the  foregoing  the  reader  will  readily  perceive  that  it  is  scarcely  possible 
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to  draw  a  shaip  line  of  demarcation  between  the  two  divisions  of  technologj 
(mechanical  and  chemical)  alluded  to.  We  therefore  define  chemical  technology 
best  by  designating  it  as  that  branch  of  industrial  science  which  treats  of  the  processes 
and  methods  by  which  the  nature  of  raw  materials  is  usually  altered. 

In  mechanical  technology,  machinery  of  various  description,  acting  as  the  motive 
agent  or  for  the  exertion  of  great  power,  for  the  transference  of  movement  or  for  the 
regulation  thereof,  and,  lastly,  as  an  actual  implement,  always  plays  a  very  prominent 
part,  whilst  in  chemical  technology  its  position  is  altogether  subordinate ;  the  great 
aim  of  improvement  being  chiefly  directed  towards: — i.  Economisation  of  raw 
material,  and,  if  by  any  possible  means,  its  regeneration.  2.  Economy  of  fuel. 
3.  Economy  of  time  by  improved  and  shortened  methods  of  the  various  operations. 

The  ideal  of  a  chemical  manufactory  is  that  there  should  be  no  real  waste  products 
at  all,  but  only  chief  or  main,  and  by-products.  The  better,  therefore,  the  waste 
products  are  applied  to  good  and  advantageous  use,  the  more  nearly  the  manufactory 
will  approach  the  ideal,  and  the  larger  will  be  the  profit. 
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DIVISION    I. 

CHEMICAL   METALLUBOY,  ALLOYS,   AND   PREPARATIONS   MADE   AND   OBTAINED   FROM  METALS. 


General  Observations. 

""^MetftUuSy!*™  Metallurgy,  in  a  more  restricted  sense,  embraces  the  doctrine  of 
the  various  processes  and  operations,  some  of  which  are  purely  mechanical,  others 
again  purely  chemical,  by  means  of  which  metals  and  some  preparations  thereof  are 
obtained  on  a  large  scale.  We  treat  in  the  following  pages  almost  exclusiyely  of 
the  chemical  operations  and  processes  by  the  aid  of  which  ores  are  converted  into 
metal  or  into  some  other  product,  and  we  shall  therefore  investigate  the  changes* 
which  the  ore  undergoes  when  submitted  to  different  processes  and  operations  re- 
sulting in  the  extraction  of  the  metal.  The  number  of  the  metals  which  belong  to 
this  category  is  not  very  large;  the  chief  are  iron,  cobalt,  nickel,  copper,  lead, 
chromium,  tin,  bismuth,  zinc,  antimony,  arsenic,  mercury,  platinum,  silver,  gold. 
Excepting  chromium  and  cobalt,*  other  metals  are  brought  into  the  metallic  state  by 
means  of  smelting  furnaces ;  but  preparations  of  nickel,  antimony,  and  arsenic  are 
also  obtained  metallurgically.  Magnesium  and  aluminium  are  as  yet  only  prepared 
in  chemical  manufactories.  Metallurgy,  as  a  part  of  technology,  treats  chiefly  of 
the  physical  and  chemical  principles  upon  which  the  extraction  of  metals  from  their 
ores  is  based;  and  includes,  therefore,  the  description  of  the  operations  as  based  upon 
these  principles.  Only  very  few  metals  are  found  in  the  native,  that  is,  metallic 
state ;  most  of  them  occur  as  chemical  compounds  in  the  mineral  kingdom,  and  these 

or«i.  are  termed  ores ;  they  are  partly  chemical  combinations  of  the  metal  with 
metalloids,  and  partly  consist  of  rock  or  gangue.  Moreover,  the  term  ore  applies  only 
in  an  industrial  sense  to  those  minerals  which  are  worth  the  miner's  working. 
Metals  are  found  chiefly  in  combination  with  oxygen  and  sulphur.  Metals  occur  in 
the  ores  in  the  following  conditions: — i.  In  the  native  state,  embedded  in  quartz, 
granite,  gneiss,  and  other  minerals, — ^gold,  silver,  platinum,  mercury,  copper,  and 
bismuth.  2.  Combined  with  sulphur,  as,  for  instance,  antimony,  arsenic,  and  lead ; 
these  combinations  being — (a)  single  ores,  as,  for  instance,  cinnabar  (sulphuret  of 
mercury),  HgS;  galena  (sulphuret  of  lead),  PbS;  speisscobalt  (a  compound  of  cobalt 
metal  and  arsenic),  Co  As;  {b)  double  ores,  as,  for  instance,  sulphuret  of  iron  and 
copper  (peacock  ore),  Fe2S3,3CuaS;  iron  and  copper  pyrites,  FeaSa.Cu^S;  red  silver 

*  Since  1862  M.  Flcitmann  has  prepared  chrominm  and  cobalt  on  the  large  scale  by  a 
metallargical  process. 
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ore,  Sl)aS3,3AgS.  3.  Combined  with  oxygen,  ores  occur  as — (a)  basic  oxides,  as,  for 
instance,  hsematite  iron  ore,  Fea03 ;  tinstone,  SnOj ;  red  copper  ore,  CuiO ;  (b)  as 
hydrated  oxides,  as,  for  instance,  bog  iron  ore,  Fea03,3H20 ;  {c)  as  oxysalts,  as  for 
instance,  malachite,  CnCOj+CuHaCL .  4.  Combined  with  sulphur  and  oxygen, 
as  for  instance,  red  antimony  ore,  2Sb2S3+Sba03.  5.  Combined  with  haloids,  as,  for 
instance,  the  so-called  horn  silver  ore,  AgCl.  6.  In  combination  with  haloids  and 
oxygen,  as,  for  instance,  horn  lead  ore,  PbC03+PbCl3. 

^^TSSf  ***  Since  the  ores  are  not  found  in  a  state  anything  approaching  to  purity, 
but  are  mixed  in  the  first  place  with  what  is  technically  termed  gangue — rock,  stone,  or 
earth  of  any  kind ;  and,  moreover,  since  very  frequently  the  ores  of  different  metals 
occur  mixed  together,  they  require,  on  being  brought  out  of  the  mine,  to  be  broken 
up  and  to  be  separated  by  mechanical  means  from  the  gangue  and  from  other  im- 
purities. These  operations  as  a  rule  are  carried  out  on,  or  near,  the  spot  where  the  ores 
are  raised,  and  are  designated  by  the  name  of  dressing ;  the  mechanical  preparation 
of  the  ore  is  partly  executed  by  hand,  women  and  children  being  frequently  engaged 
in  picking  out  worthless  stuff  from  among  the  minerals  brought  to  bank ;  this  sorting, 
accompanied  commonly  by  the  breaking  up  of  the  ore  into  small  lumps,  an  operation 
executed  by  men  with  suitable  hammers,  is  usually  so  carried  on  as  to  separate  the 
ore  into  three  kinds.  The  ore  thus  selected  is  placed  in  separate  heaps,  which  may  be 
classed  as  follows: — a  heap  containing  rich  ore  of  sufficiently  good  quality  to  be  fit  to 
be  directly  smelted ;  another  heap  contains  ore  which,  previous  to  its  being  fit  for 
ihe  smelter,  has  to  be  further  prepared,  that  is,  purified  from  mechanically  adhering 
impurities ;  while  the  third  heap  is  devoted  to  such  poor  ore  as  would  not  pay  the 
expense  of  the  extraction  of  the  comparatively  small  quantity  of  metal  it  contains. 
The  mechanical  operations  alluded  to  are  frequently  effected  by  the  aid  of  machinery, 
stamp  and  dressing  miUs,  while  very  often  water  is  used  in  completing  the 
operations,  its  use  being  chiefly  to  remove  the  clay  and  eaithy  matter,  sand,  and 
pulverised  rock  from  the  specifically  heavier  mineral.      The  dressing  of  the  ores 

^'*^%!S^  ®'  having  been  finished,  they  are  fit  for  the  smelting  operations,  but  in 
many  instances  these  cannot  be  proceeded  with  until  the  ores  have  undergone  a 
preparation,  consisting  in  some  cases  of  an  exposure  to  air — weathering ;  in  others, 
again,  in  a  heatmg  of  the  ores,  without  access  of  air,  designated  calcination,  or  a 
heating  with  access  of  air,  termed  roasting. 

The  object  of  the  e?:posnre  to  air  is  in  some  instances  to  effect  the  weathering  and 
subsequent  loosening  and  separation  (mechanically)  of  such  minerals  as  slate,  clay, 
and  marly  materials,  which  frequently  adhere  to  certain  kinds  of  iron  and  zinc  ores ; 
in  other  instances,  again,  the  object  of  the  exposure  of  metallic  ores  to  air  is  tlie 
oxidation  of  iron  pyrites,  which  is  washed  out  by  rain  as  sulphate  of  protoxide  of 
iron.  The  object  of  the  calcination  of  ores  is  partly  to  drive  off  water, 
carbonic  acid,  and  bituminous  materials ;  partly,  also,  to  render  the  ores 
softer,  and  thus  better  fitted  for  the  metallurgical  processes  by  which  the  re- 
duction to  the  metallic  state  is  effected.  The  roasting  of  ores  is  carried  on  with  the 
same  object,  but  since  the  temperature  is  far  higher,  altliough  not  carried  to 
the  fosion  of  the  ores,  a  more  energetic  chemical  action  takes  place,  and  is  in  some 
cases  promoted  by  the  addition  of  common  salt ;  moreover,  the  great  object  of  the 
roasting  of  ores  is  to  effect  an  oxidation  of  the  same,  accompanied  in  some,  if  not  in  all, 
cases  by  the  volatilisation  of  variotis  substances.  As  instances  of  tlie  action  of  this 
process,  we  quote  what  occurs  when  magnetic  iron  ore,  (Fea03,FeO),  is  roasted: 
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the  protoxide  in  this  case  is  gradually  oonyerted  into  peroxide.    When  oxidation  is 
accompanied  by  volatilisation  three  different  things  may  happen. 

z.  A  volatilisation  of  certain  snbstanoes  attended  by  oxidation.  The  ores  which  are 
chiefly  submitted  to  this  process  are  such  as  are  combinations  of  snlphnr,  arsenic,  and 
antimony,  either  jointly  or  singly,  in  which  cases  snlphnrons  and  arsenions  acids  and 
oxide  of  antimony  are  volatilised,  with  the  resnlt  that  either  pure  metal  is  obtained,  as  is 
the  case  with  cinnabar,  which  yields  mercury,  or  the  formation  of  metallic  oxides  and 
sulphates.  The  volatilised  substances  may  be  collected  and  utilised,  as,  for  instance, 
the  arsenions  add,  and  the  sulphurous  acid  for  the  production  of  sulphuric  acid,  dto. 

a.  Volatilisation  of  certain  substances  by  reduction  is  a  less  frequently  occurring 
operation,  chiefly  carried  on  with  some  sulphates  and  arseniates  of  metallic  oxides  by 
heating  the  same  with  coal  or  charcoal,  the  result  being  the  volatilisation  of  sulphur  in 
the  form  of  sulphurous  acid  and  of  arsenic  per  »e. 

3.  Volatilisation  by  conversion  into  chlorides  of  metaL  "When  an  ore  is  roasted  with  the 
addition  of  common  salt  and  free  access  of  air,  some  partly  volatile  chlorides  may  be 
formed,  as,  for  instance,  in  the  extraction  of  silver  from  its  ores  by  the  European 
amalgamation  process  and  M.  Augustin*s  method. 

smattiiigaf  tbaont.  As  soon  as  the  ores  are  sufficiently  prepared  by  the  methods  just 
described,  they  are  submitted  to  an  operation  having  for  its  object  the  conversion  of 
the  ore  into  metal,  or  into  some  other  combination  thereof;  the  process,  which  is  a 
true  chemical  operation,  is  called  the  smelting  process.  It  rarely  happens  that  only 
one  kind  of  ore  is  operated  upon ;  the  more  usual  plan  is  to  mingle  richer  and  poorer 
ores  together  in  certain  quantities,  so  as  to  obtain  a  suitable  mixture,  attention  also 
being  paid  to  the  various  kinds  of  rock  which  accompany  the  ores,  so  as  to  obtain  by 
the  smelting  process  a  proper  slag ;  but  if ,  as  is  more  often  the  case,  this  end  cannot 
be  attained  by  the  mixing  of  ores  of  different  quality,  it  becomes  almost  always 
necessary  to  add  other  materiala  which  either  chiefly  or  solely  act  as  fluxes,  and 
also  as  reducing  or  converting  agents,  by  promoting  in  various  ways,  to  be  presently 
more  folly  described,  the  separation  of  the  metals  from  their  ores.  We  distinguish 
accordingly  between  such  materisls  as  charcoal,  coal  and  coke,  lime,  and  common 
salt,  which  we  term  roasting  materials  (Rostzuschlage),  and  smelting  or  fluxing 
materisls,  such  as  quartz  and  various  silicates,  among  which  are  hornblende,  feldspar, 
augite,  greenstone,  chlorite-schist,  slag;  lime-containing  minersls,  as  limestone,  fluor- 
sptur,  gypsum,  heavy-spar ;  minerals  containing  alumina ,  as,  for  instance,  day-slate 
and  marl.  Saline  materials  (admixtures)  are  also  used,  as  potassa,  borax,  Glauber 
salt,  and  saltpetre ;  likewise  metallic  admixtures,  as,  for  instance,  iron,  used  in  the 
decomposition  of  cinnabar  and  sulphuret  of  lead ;  zinc,  for  the  extraction  of  silver 
from  lead ;  arsenic,  in  the  preparation  of  certain  nickel  and  cobalt  ores ;  protoxide 
of  iron  (anvil  dross),  hematite  iron  ore,  and  manganese,  used  in  the  puddling  process ; 
certain  saline  admixtures,  by  which  we  understand,  in  this  instance  more  especially, 
such  blast  furnace  slags  as  contain  a  large  proportion  of  protoxide  of  iron,  and  are 
applied  in  the  process  of  puddling  on  account  of  the  oxygen  they  contain ;  or,  on  the 
other  hand,  are  used  as  so-called  precipitating  agents,  on  account  of  the  iron  they 
contain,  e.g.^  for  the  throwing  down  of  lead  from  galena.  The  substances  which  act 
only  as  fluxes  promote  the  separation  of  the  metal,  because  the  ore  is  more  readily 
rendered  fluid,  thereby  causing  the  particles  of  metal  to  unite  more  easily.  According 
to  their  mode  of  action,  fluxes  can  be  brought  under  three  heads,  viz. : — i.  Such  as 
exercise  no  chemical  action,  but  are  only  substances  promoting  fluidity,  as,  for 
instance,  fluor-spar,  borax,  common  salt,  and  various  slags ;  2.  Such  as  at  the  same 
time  exert  a  reducing  action,  as,  for  instance,  a  mixture  of  argol  and  saltpetre,  so- 
called  black  flux ;  3.  Such  as  act  as  absorbents,  either  of  acids  or  of  bases ;  but  this 
class  belongs  more  properly  to  admixtures  already  alluded  to  above. 


SLAGS,  7 

The  Miztnc  of  um  snMit.  That  Operation,  by  which  the  ore  and  the  materials  required  for 
the  smelting  process  are  intimately  mixed  together,  often  in  previously  weighed  out 
quantities,  is  called  the  mixing,  and  the  quantity  which  is  to  be  used  within  a  given 
lapse  of  time  (generally  12  or  24  hours)  is  called  the  charge. 

BmSSSopSauSn.  ^®  foUowiog  are  the  products  which,  generally  speaking,  are 
obtained  by  the  smelting  process  : — i.  Metals — Educts.  The  relative  degree  of  the 
purity  of  these  substances  is  indicated  when  gold  or  silver  are  alluded  to  by  the  titie 
of  their  fineness  (purity),  fine  gold  or  fine  silver  being  understood  as  the  perfectiy 
pure  metal ;  but  as  regards  the  metals  not  designated  by  the  term  noble,  they  are 
called  raw  or  crude  metal,  while  a  higher  degree  of  purity  is  indicated  by  refined. 
2.  Such  products  as  are  not  present  ready  formed  in  the  ore,  but  are  the  result  of 
peculiar  reactions  which  take  place  during  the  smelting  process  between  the  various 
ingredients  submitted  to  the  operation;  these  materials  are,  in  most  instances, 
ready  for  the  market,  and  comprise  the  so-called  hard  lead  which  contains  antimony, 
arsenic,  and  otiier  impurities;  arsenical  preparations,  as,  for  iostance,  arsenious 
acid,  orpiment,  realgar ;  and  black  sulphuret  of  antimony.  3.  The  preparation  of 
educts  is  often  accompanied  by  the  formation  of  intermediate  or  by-products ;  if  these 
happen  still  to  contain  a  sufficient  quantity  of  the  metal  operated  upon  to  make  it 
worth  while  to  extract  it,  they  are  termed  intermediate  products ;  but  if  the  reverse  is 
the  case  they  are  called — 4.  Dross.  Such  intermediate  products  are  often  alloys ;  as, 
for  instance,  one  consisting  of  silver,  copper,  and  lead — the  so-called  Tellenilher — 
silver  containing  lead,  consisting  chiefly  of  lead,  with  a  smaller  or  larger  quantity  of 
copper  and  some  silver ;  so-called  black  copper,  a  mixture  of  copper,  iron,  and  lead ; 
sulphurets ;  arsenic  alloys,  so-called  Speiss,  as,  for  instance,  the  cobalt  and  nickel 
compounds  obtained  in  smalt  works,  chiefly  consisting  of  arsenical  nickel ;  carburetted 
metals,  as,  for  instance,  pig-iron  and  steel ;  oxides,  as,  for  instance,  litharge  (oxide 
of  lead). 

>iac«.  The  material  which  usually  passes  by  this  name  exhibits,  when  cold,  an 
enamel  or  glass-like  appearance,  and  is  generally  made  up  of  various  combinations  of 
silica  with  earths,  such  as  lime,  magnesia,  alumina,  and  metallic  oxides,  as  the 
protoxides  of  iron  and  manganese.  The  slags  are  formed  during  the  smelting  process, 
because  the  raw  materials,  and  the  various  substances  employed,  contain  the  elements 
for  their  formation.  The  functions  of  the  slag  during  the  smelting  process  are  rather 
important,  set^'ingf  to  j^ro^^ct  the  particles  of  metal,  or  of  sulphuret  of  metal,  from  the 
oxidising  action  of  the  blast,  and  promoting  the  adhesion  and  union  of  the  particle?. 
Slags  are  applied  in  some  smelting  processes  as  a  flux ;  and  if  they  should  still  contain 
a  sufficient  quantity  of  metal,  they  are  added  to  another  batch  of  ore  to  be  operated 
upon.  As  regards  their  composition  and  nature,  they  are  classified  according  to  the 
quantity  of  silica  they  contain  as  sub-,  mono-,  bi-,  and  tri-silicates.  The  proportion 
which  the  oxygen  of  the  silica  bears  to  that  contained  in  the  bases  is  as  foUows : — 

Subsilicate 3*6 


Monosilicate 

BisiUcate    

Trisilicate 

Slags  are  either  vitreous  or  crystalline 


•  ••    •••    •••    Jj*^ 

•  ••    •••    •••    CJ  •   J 

•  ••   •••   •••   jS  * 

It  very  frequentiy  happens  that  from  the 


latter  kind  portions  of  silicates  separate,  which,  as  regards  their  chemical  and  mineral- 
ogical  characters,  agree  with  minerals  met  with  in  nature,  such  as  augite,  olivine, 
WoUastonite,  mica,    idocrase,    chrysolite,    feldspar,  &c.    Generally    spealdng,  the 


8  CHEMICAL  TECHNOLOGY. 

mixtures  of  monosilicates  produce  slags  which  are  very  fluid,  and  apt  to  consolidate 

rapidly  while  cooling,  while  the  mixtures  of  bi-  and  tri-silicates  produce  slags  which 

have  the  opposite  properties,  being  pasty  and  tough. 

The  following  properties  and  oonstitution  denote  that  the  slags  are  suited  to  the 
smelting  process : — i.  The  specific  gravity  of  the  slag  while  molten  should  be  less  than 
that  of  the  product  (metal)  it  is  desired  to  obtain,  in  order  that  the  slag  may  cover  the 
surface  of  the  molten  metal.  2.  The  slag  should  be  homogeneous  throughout  the  duration 
of  the  process  of  smelting ;  since  the  contrary  would  denote  an  abnormal  working  of  the 
operation.  3.  The  slag  should  melt  readily,  and  thus  admit  of  the  particles  of  metal 
readily  sinking  downwards  as  a  consequence  of  their  higher  specific  gravity.  4.  The 
chemical  composition  of  the  slag  should  be  so  regulated  as  to  prevent  them  exerting  any 
decomposing  action  upon  the  metal. 

Iron. 

(Fe  =  56 ;  Sp.  gr.  =  77.) 

iran;itioeeiinr«ie«.  Irou  is  the  most  important  and  most  useful  of  all  metals.  Its 
application  is  most  intimately  connected  with  all  branches  of  industry,  and  almost  all 
the  wants  and  requirements  of  common  daily  life.  The  reason  of  this  very  extended 
employment  of  iron  is  due,  partly  to  its  being  plentifully  and  even  superabundantiy 
met  with  in  natqre,  but  partiy,  if  not  chiefly,  in  consequence  of  the  great  ease  where- 
with this  metal,  during  its  reduction  from  the  ore,  assumes  various  modifications  and 
exhibits  different  characters,  each  possessing  some  special  feature  of  usefulness. 
Although  the  number  of  minerals  which  contain  iron  is  very  great,  comparatively  few 
are  used  in  practice  for  the  extraction  of  the  metal.  Those  that  are  used  are  all 
oxygen  compounds  of  iron,  and  chiefly  what  are  technically  known  to  ironmasters  and 
the  trade  as  ironstotUis. 

The  following  is  a  list  of  the  minerals  termed  "  ironstones  "  : — 

z.  Magnetic  iron  ore,  (FeaO^,F60=Fe304),  the  richest  of  all  iron  ores  (it  contains 
upwards  of  72  per  cent  of  iron),  is  pretty  largely  found,  especially  in  Bussia,  Norway,  and 
Sweden,  in  the  crystalline  schistose  rock.  The  celebrated  Dannemora  (Sweden)  iron  is 
obtained  from  this  ore.  It  not  unfrequently  happens  that  this  mineral  is  more  or  less 
mixed  with  iron  pjrites,  galena,  copper  pyrites,  apatite  (chiefly  phosphate  of  lime),  and 
other  minerals,  which,  by  their  presence,  impair  the  good  qualities  of  the  magnetic  iron  ore 
as  a  mineral. 

2.  Hiematite  iron  ore,  red  ironstone,  (FcaOO,  contains  about  69  per  cent  of  iron.  This 
mineral  occurs  in  seams  and  veins  in  the  older  geological  formations,  often  embedded 
in  gneiss  and  granite.  It  is  also  met  with  in  the  metamorphio  rocks,  and  is  frequently 
called  glassy  head,  owing  to  its  external  lustre ;  also  bloodstone,  on  account  of  exhibiting, 
when  scratched  with  a  file  or  a  knife,  a  deep  red-coloured  streaJk.  When  this  ore  is  found 
mixed  with  silica,  it  is  called  siliceous  ironstone ;  when  occurring  along  and  mixed  with 
alumina,  it  is  called  red  aluminous  iron  ore ;  mixed  with  lime,  the  ore  is  known  as 
minette.  The  quantity  of  iron  present  in  these  ores  varies,  of  course,  considerably.  This 
ore  occurs  in  crystalUne  state,  in  espeqially  large  quantities  in  the  Island  of  Elba, 
and  ores  of  the  same  kind,  but  different  in  quidity,  are  found  in  England  and  Ireland, 
Saxony,  and  many  parts  of  Germany.  They  are,  in  all  cases,  especially  as  regards  the 
first-named  country,  largely  applied,  e.g.^  Lancashire  (Ulverston  and  Barrow-in-Fumees). 

3.  Spathose  iron  ore,  (FeCOs),  with  48*3  per  cent  of  iron.  This  ore,  which  occurs  in  great 
variety,  is,  indeed,  the  chief  iron-stone,  often  containing  carbonate  of  protoxide  of  manganese 
in  larger  or  smaller  quantity.  This  ore  is  often  met  with  in  a  globular  or  kidney-like  shape, 
and  hence  called  kidney  iron  ;  in  mineralogy,  spherosiderite.  The  ore  bears  a  great  many 
other  names,  derived  from  some  peculiarities  in  its  composition ;  for  instance,  it  is  known 
and  very  largely  worked  in  Scotland  as  black-band,  owing  to  its  being  mixed  with 
carbonaceous  and  bituminous  matters,  and  alternating  with  seams  of  coal.  It  is  known, 
also,  as  clay-ironstone,  being  then  mixed  with  more  or  less  argillaceous  matter,  and 
occurring  in  enormous  quantities  in  that  condition  in  Cleveland  and  Bosedale  (Yorkshire), 
in  Wales,  and  also  on  the  Continent  in  various  countries. 

4.  When  the  last-named  ore  is  acted  upon  by  air  and  water  containing  carbonic  acid,  a 
secondary  ore  is  formed,  known  as  brown  ironstone  (parUy  Fea03,H20,  parUy  Fe^OatSHaO). 
In  mineralogy  this  ore  is  named  according  to  its  varying  physical  properties,  as  foUows  : — 
Lepido-orocite,  needle-iron  ore,  pyrosiderite,  and  stilpnosiderite.    As  may  be  expected, 


IRON.  9 

thifl  mineral  is  often  mixed  with  carbonate  of  lime,  edlioa,  alumina ;  the  yellow  ironstone 
being  a  variety  of  the  alominons  kind.  Banxite  may  in  some  instances  range  along  with 
this  kind  of  ore,  when  that  substance  consists  of  an  intimate  mixture  of  alumina  and 
peroxide  of  iron. 

5.  Pea-iron  ore,  in  smaller  or  larger  globular-shaped  particles,  formed  of  concentric  layers, 
containing  either  an  intimate  mixture  of  silica,  protoxide  of  iron,  and  water,  or  brown  iron 
ore  and  siliceous  clay.  The  origin  and  mode  of  formation  of  this  ore  are  unknown.  It 
occurs  in  France  and  in  the  South- West  of  Germany. 

6.  Marsh  iron  ore,  limonite,  met  with  in  parts  of  Europe,  generally  those  which  are 
only  little  elevated  above  the  sea  level,  and  more  especially  in  or  near  moors  and  marshes, 
peat  bogs,  &o. ;  in  some  parts  of  the  Netherlands,  Denmark,  Sweden,  and  North  Germany, 
and  also  in  the  United  Kingdom  to  some  extent.  This  ore  owes  its  origin  to  the  action  of 
deca3ring  vegetable  matter  upon  water  containing  carbonate  of  protoxide  of  iron  in  solution. 
The  ore  is  met  with  in  irregularly  shaped  lumps,  as  hard  sometimes  as  pebbles,  but  also 
in  a  soft  and  spongy  condition  ;  it^  colour  is  brownish,  or  black,  and  it  consists  of  prot- 
oxide of  iron,  oxide  of  manganese,  phosphoric  acid,  organic  matter,  and  sand.  According 
to  M.  Hermann,  however,  tide  ore  contams  hydrated  peroxide  of  iron,  hydrated  oxide  of 
manganese,  phosphate  of  peroxide  of  iron,  tribasic  crenate  of  peroxide  of  iron.  This 
ore  is  in  some  instances  largely  used  for  the  manufacture  of  oast-iron  objects  (especially 
for  domestic  and  ornamental  uses),  on  account  of  its  yielding  an  iron  of  great  fluidity, 
which  fills  the  moulds  very  completely,  giving  sharp-figured  castings.  This  condition  is 
due  to  the  presence  of  the  phosphorus  in  such  iron  ;  but  the  presence  of  this  element  also 
causes  the  pig-iron  made  from  this  ore,  if  puddled,  to  yield  a  wrought-iron  which  is  both 
oold-  and  red-short. 

7.  Franklinite,  (Fe203[ZnO,MnO]),  containing  45  per  cent  of  iron,  21  percent  of  zinc, 
and  9  per  cent  of  manganese.  This  ore  occurs  in  New  Jersey,  U.S.,  and  is  there  employed 
both  for  the  extraction  of  iron  and  zinc. 

Iron  is  also  obtained  from  rich  slags,  which  often  contain,  in  the  shape  of  protoxide  of 
iron,  an  amount  varying  bom  40  to  75  per  cent  of  that  metal ;  they  are  employed  in  the 
puddling  process.  The  scraps  of  iron  resulting  from  various  operations,  old  iron,  and 
waste  pieces  of  the  metal,  are  usefully  applied,  either  alone  or  with  the  ores,  to  be  re-con- 
verted into  metal. 

Taken  from  a  metallurgical  point  of  view,  iron  ores  are  distinguished  as  reducible  easily 
or  with  difficulty  (convertible  into  metal  readily,  or  fusible  with  difficulty).  To  the  former 
eUss  belong  all  those  ores  which,  while  being  submitted  to  a  preliminary  roasting,  become 
porous,  and  hence  more  readily  penetrable  by  the  reducing  gases  present  in  the  blast- 
furnace ;  and,  as  a  consequence,  more  rapidly  reduced  and  molten.  The  spathose  iron 
ore  and  brown  iron  ore  belong  to  this  class ;  the  former  because  on  roasting  it  loses 
carbonic  add,  while  the  latter  loses  water.  Magnetic  iron  ore,  and  hematite  iron  ore  in  all 
its  varieties,  are  reducible  with  difficulty. 

a.  Pig  or  Crude  Iron. 

'"SSSSoiwr*  The  extraction  of  iron  from  its  ores  is  chiefly  based  upon  the  two 
following  properties: — i.  While  particles  of  pure  or  nearly  pure  iron  are  infusible 
even  by  the  heat  produced  in  the  blast  furnace,  they  are  possessed  of  the  property  of 
agglutination  to  larger  masses ;  in  other  words,  the  property  (possessed  by  iron  and  only 
a  few  other  metals)  of  welding  together  at  a  bright  red  heat. 

2.  Iron  is  capable  of  uniting,  while  exposed  to  a  high  temperature,  and  in  the 
presence  of  an  excess  of  carbonaceous  matter  or  gases  containing  carbon,  with 
that  metalloid,  forming  with  it  an  easily  fusible  compound,  viz.,  a  carburet  of  iron, 
the  so-called  pig-  or  cast-iron. 

The  direct  manufacture  of  malleable  iron  from  iron  ores  was  in  former  times  a  very 
mnial  proceeding,  and  is  yet  carried  on  to  a  small  extent  in  some  parts  of  Europe 
(Styria,  Andorra,  Sardinia,  and  Sicily),  and  far  more  so  in  Hindostan;  but  this 
method,  known  as  the  Catalan  process,  is  wasteful,  and  although  it  yields  iron  of 
excellent  quality,  it  also  requires  ores  of  great  richness.  The  process  is  not  suited  to 
meet  the  large  demands  now  made  for  iron ;  with  tliese  trifling  exceptions  all  iron  at 
the  present  day  is  obtained  by  the  production  first  of  pig-iron,  which  is  afterwards 
eooTerted  into  malleable  iron  by  the  puddling  process. 
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The  operations  by  which  iron  is  extracted  from  its  ores  are : — calcination  or  roasting, 
and  smelting.  The  object  of  the  first-named  operation  is  the  removal  from  the  ore 
of  such  substances  as  water,  carbonic  acid,  carbonaceous  matter  (as  present  in  the 
black-band  ironstone) ;  also  the  conversion  of  any  protoxide  into  peroxide,  because 
the  latter  is  less  apt  to  become  absorbed  by  the  slag,  and  to  promote  the  porosity  of 
the  ore.  The  calcined  ores  are  next  broken  up  to  lumps  of  suitable  size  by  means 
either  of  stamping  mills  or  cylinders,  or  by  machinery  specially  made  for  the  purpose 
on  the  principle  of  quartz  and  stone  crushers ;  after  this  has  been  done  the  ores  are 
mixed,  rich  and  poor  together,  in  such  proportions  as  have  been  found  in  the  ex- 
perience of  the  workmen  to  yield  the  best  quality  and  largest  quantity  of  iron. 

Theory  of  thejh^n  Extraction  xhc  ores  having  thus  been  mingled,  constitute  a  mixture  made 
up  chiefly  of  an  oxide  of  iron  and  of  gangue  (silica)  or  lime;  carbonaceous  matter 
is  added  thereto,  and  tiie  mass  is  submitted  to  a  strong  heat,  the  result  being  the 
reduction  of  the  iron  to  the  metallic  state,  according  to  the  following  equation: — 

Fea03-f3C=3CO+2Fe; 
the  action,  therefore,  of  coal  is  to  serve  as  fuel  and  at  the  same  time  as  reducing 
agent  along  with  carbonic  oxide  and  carburetted  hydrogen;  if,  however,  the  operation 
were  performed  by  simply  mixing  the  broken  up  ores  and  coal  or  coke,  and 
submitting  this  mixture  to  the  smelting  process,  the  iron  would  be  obtained  in  a 
finely  divided  and  spongy  condition ;  and  in  order  to  procure  the  union  of  the  particles 
of  metal  so  as  to  form  a  molten  mass  previous  to  the  smelting  operation  being  pro- 
ceeded with,  certain  substances  which  have  the  property  of  forming  with  the  gangue 
a  readily  fusible  glassy  mass  are  added.  The  substance  added  is  technically  known 
as  slag,  and  it  serves  not  only  the  purpose  just  mentioned,  but  also  that  of  with- 
drawing and  absorbing  from  the  ore  such  materials  as  might  injure  the  quality  of 
the  iron ;  and,  lastiy,  the  slag  being  by  far  specifically  lighter  than  molten  iron,  floats 
on  the  surfEuse  and  protects  the  metal  from  the  oxidising  action  of  the  air  blown  into 
the  furnace.  Slag  is  a  mixture  of  various  silicates ;  in  some  instances  the  ore  itself 
contains,  along  with  the  oxide  of  iron,  the  constituents  necessary  to  form  a  good 
slag,  but  in  most  instances  ores  require  the  addition  of  such  materials  as  will  form, 
with  the  constituents  (excepting  the  iron  oxides)  a  proper  slag ;  thus,  for  instance,  if 
silica  were  wanting,  quartz  or  sand  would  be  added ;  and  if  bases  were  wanting,  lime- 
stone or  fluor-spar  (fluoride  of  calcium)  would  be  added.  The  slag  should  become 
fluid  at  or  about  tiie  same  temperature  as  the  metal.  The  mixture  of  ironstone  aid 
slag-forming  material  is  called  a  batch,  and  is  so  arranged  as  not  to  contain  above  50 
per  cent  of  iron.  When  iron  in  the  molten  condition  and  carbonaceous  matter  (coal, 
coke,  or  charcoal,  although  the  latter  is  very  rarely  used)  come  in  contact,  as  is  the 
case  during  the  smelting  process  just  alluded  to,  the  molten  metal  dissolves  a  large 
proportion  of  carbon ;  but  when  the  metal  cools  a  portion  of  the  carbon  separates  in 
the  crystalline  form ;  this  is  termed  blast-famace  graphite :  another  portion  of  the 
carbon  remains,  however,  in  chemical  combination,  and  it  is  therefore  evident  that 
the  smelting  of  iron  ores  produces  an  iron — ^pig  or  crude  iron — ^which  contains 
carbon,  and  is,  therefore,  not  a  pure  metal. 

BiMt-foxnMc  ProeeM.  At  the  prcscut  day  the  extraction  of  iron  from  its  ores  (smelting)  is 
chiefly  carried  on  either  in  what  are  termed  blast-furnaces  or  blowing-furnaces. 
These  contrivances  are  not  essentially  diflerent  from  each  other  as  regards  their 
action,  but  their  arrangement  and  construction  is  so  fieur  diflerent  tiiat  the  slag  from 
blast-famaces,  working  as  they  do  with  what  is  termed  an  open  breast-plate,  runs  oflf 
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continnoiislj,  while  the  alag  from  the  blowing- fomace  has  tt>  he  cleared  &rom  to  time 
when  tapping  the  metal, 
"^'SfjlS^?'  -A-  blflst-fumace  is  an  oven  showing  on  the  exterior  a  heavily  made 
wall  (Fig.  I,  A,  the  outer  wall),  having  a  height  of  from  14  to  35  metres;  the  inner 
linii^  is  made  in  the  shape  of  two  truncated  cones  plaeed  together  at  their  bases ; 
the  brickwork  (.fire  bricks)  which  conEtitute  this  double  cone-like  structure,  b,  is 

FlQ,   I. 


m^^*^^ 


surroanded  bj  a  casing  made  up  of  broken  scoiiui  or  rulraclury  shiiiI  hIucU  is  en 
veloped  by  the  external  coating  of  heavy  masonry ;  the  sand  is  a  bad  conductor  of 
heat  and  admits  also  of  space  being  allowed  for  the  expansion  by  heat  of  the  interior 
stnictnre.  The  portion  of  the  internal  cone  extending  from  b  to  c  is  called  the  shaft, 
or  chamber,  while  the  portion  which  extends  from  d  to  e  is  named  the  boshes ;  the 
part  of  B  where  the  diameter  is  greatest  is  called  the  belly  or  upper  part  of  the 
boshes.  Below  the  boshes  at  p,  the  space  is  gradnallj  made  narrower,  and  called 
the  throat,  or  tumiel  hole,  the  lower  part  of  which  is  inteuded  for  collecting  the  molten 
metal,  and  named  the  crucible  or  hearth ;  this  portion  of  the  blast-fomace  is  the 
most  important,  because  the  smelting  process  goes  on  in  it ;  the  crucible  is  pro- 
Ttded.with  two  openings  placed  opposite  to  each  other,  and  oonttdning  conically-shaped 
tubes  (see  Fi^.  2)  called  the  tuyeres,  ending  in  what  are  termed  the  nozzles  or  nosu 
pipes,  or  the  blast  pipes ;  these  tubes  serve  to  convey  the  air  necessary  for  the 
fbisaee.     Am  shown  in  the  engraving,  the  admission  of  air  to  the  noEzles  is  regulated 
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by  a  valve.  The  npper  open  end  of  the  fiimace  at  i  is  called  the  month  or  fiunace-top ; 
through  this  opening  the  fuel  and  mixtnre  of  ore  and  fiux  are  put  into  the  fnmace. 
which  is  (as  aleo  shown  in  Fig.  i)  situated  on  or  near  the  slope  of  a  hill,  so  oe  to 
have  ready  access  to  the  month  by  means  of  the  bridge  for  convepng  the  materials 
to  the  farnace-t«p.  The  lower  part  of  the  hearth  is  prolonged  towards  the  front,  thus 
fonning  the  hreast-pan,  which  is  enclosed  by  the  dant'Stone,  » ;  this  stone  ia  somewhat 
removed  at  one  side  from  the  wall,  thereby  fonning  a  slit,  which  is  technically  called 
the  tap-hole  ;  this  ia  the  discharge  aperture ;  while  the  smelting  is  going  on  this 
aperture  is  closed  up  with  fire-clay,  which  is  removed  when  it  is  required  to  with- 
draw the  slags  or  tap  Ote  crucible,  that  is  to  say,  discharge  the  molten  metal.    The 
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dam-stone  is  protected  by  an  iron  plate.  Three  only  of  the  sides  of  the  hearth  are 
continued  to  the  stone  constitnting  the  bottom  of  the  arrangement ;  the  fourth  is 
merely  brought  to  within  a  certain  distance  of  tlie  base,  where  it  is  supported  by 
strong  girders  of  cast-iron  firmly  fixed  into  the  masonry  of  the  walla,  and  on  which 
rests  a  heavy  block  of  sandstone  called  the  tymp  (see  Fig.  i),  which  is  supported 
by  a  very  heavy  and  stout  piece  of  iron  called  the  tymp  iron. 
***  HiTSi*'*'"  ^  order  to  provide  the  necessary  quantity'  of  air  for  the  hlast- 
flimace,  a  blowing  engine  is  attached ;  this  is  now  almost  exclusively  constructed 
upon  what  is  termed  the  cylinder  principle,  which  in  one  of  its  most  convenient 
forms  is  delineated  in  Fig.  3,  The  cast-iron  cylinder,  1,  contains  a  piston,  c,  which 
by  m^ans  of  the  piston  rod,  a,  passing  air-t^ht  through  the  stuffing  box.  «,  can 
be  moved  upwards  and  downwards;  at  b  and  d  the  cylinder  is  in  commonication  with 
the  enter  air.  and  by  means  of  /  and  g  it  communicates  with  the  chest,  B.  The 
openings  alluded  to  are  provided  with  self-acting  valves  for  regulating  the  flow  of  air, 
which  is  conveyed  through  t  into  the  pipes  communicating  with  the  blast-furnace.  In 
order  to  regulate  the  blast,  a  large  sheet-iron  vessel,  in  construction  very  similar  to 
the  gas-holders  of  gas-works,  and  acting  on  the  same  principle,  is  applied.  The 
application  of  hot  air  for  the  blast  is  one  of  the  most  important  improvements  in  the 
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mannfacture  of  iron,  since,  in  this  way,  a  decreased  consumption  of  fuel,  to  the 
extent  on  an  average  of  0366  (from  i  to  1),  has  been  obtained;  while,  moreover, 
the  absolute  gain  in  the  production  of  iron  amounts  to  about  50  per  cent.  It  is  also 
stated  by  many  iron-masters  that  the  furnace  is  more  readily  and  regularly  worked  ; 
but  this  statement  is  discredited  by  others,  who  aver  against  the  hot  blast  that  dis- 
turbances arise  more  frequently  in  the  regular  course  of  working ;  also,  that  the  very 
high  temperature  in  the  crucible  causes  the  rapid  destruction  of  the  fire-bricks,  and 
consequently  impairs  the  time  of  what  is  technically  termed  the  campaign,  that  is  to 
say,  the  duration  of  the  fabric  of  the  blast-furnace.  The  air  intended  for  the  hot  blast 
is  heated  either  by  the  gases  given  off  by  the  blast-fiimace,  or  by  means  of  separate 
fire-places  which  heat  a  pipe  apparatus,  or  lastly  by  means  of  Siemens's  regenerative 
furnace  system.  This  system  consists  in  first  conducting  the  gases  of  the  blast- 
fdmace  through  a  fire-brick  built  space  filled  with  fire-bricks  loosely  piled  together, 
which  becoming  thoroughly  red-hot  are  in  that  condition  capable  of  heating  the 
cold  air  previous  to  admitting  it,  care  being  taken  to  shut  off  the  blast-fiimace  gases; 
by  this  means  the  air  can  be  heated  to  a  temperature  very  far  exceeding  that  which 
is  attainable  by  passing  the  air  through  iron  tubes,  these  not  admittiag  without  serious 
ii\jury  of  being  heated  to  so  high  a  temperature  in  contact  with  air.  The  hot  blast 
air  is  heated  to  from  200"  to  400^  C. ;  blast-furnaces  fed  with  coke  as  fuel  require  per 
minute  of  time  from  2000  to  4000  cubic  feet  of  air. 

anSSac^Men.  ^®  ^^*  fumace  is  worked  in  the  following  manner : — The  furnace 
is  first  heated  by  igniting  in  it  a  quantity  of  wood.  When  this  has  rendered  the  oven 
thoroughly  dry,  the  fuel  intended  for  use  in  the  course  of  the  continued  process  is 
put  in  (this  fuel  used  to  be  in  Germany  wood  charcoal,  but  at  the  present  time  there, 
as  in  England,  coke  is  employed,  or  sometimes  anthracite ;  common  coaJs  are  rarely 
used) ;  the  furnace  is  at  first  entirely  filled  with  fuel,  and  when  quite  full  the  blast  is 
turned  on  and  a  beginning  made  with  the  charging  of  the  mixture  of  ore  and  flux, 
alternating  with  fr^sh  fuel.  By  the  burning  of  the  fuel,  and  the  fusing  of  the  ore  and 
flux,  the  layers  sink  downwards,  the  silica  fuses,  forming,  while  combining  with  the 
earths  and  some  of  the  oxides  present  in  the  ore,  a  slag  which  is  commonly  coloured 
by  the  presence  therein  of  oxide  of  iron,  while  the  iron  reduced  to  the  metallic  state, 
and  semi-fluid  at  first,  combines  with  carbon  to  form  readily  fusible  pig-iron ;  the  molten 
metal  collects  in  the  hearth  or  crucible ;  the  fused  slag  floats  on  the  top  of  the  metal,  but 
is  run  off  over  the  dam-stone.  The  molten  metal  is  tapped  off  about  twice  every 
24  hours,  or  as  soon  as  it  appears  to  reach  the  height  of  the  dam-stone.  The  aperture 
here  alluded  to,  and  closed  provisionally  by  means  of  fire-clay,  is  opened  by  the 
piercing  of  the  latter,  while  the  molten  metal  is  conveyed  through  channels  made  in 
the  sand  to  the  moulds,  also  formed  in  the  same  material :  during  the  operation  of 
tapping,  the  blast  is  shut  off.  Crude  iron  cast  in  the  shape  of  cakes  is  called  lump 
iron,  and  when  run  into  bars,  pig-iron.  The  campaign,  that  is,  the  operation  of 
smelting  with  the  same  furnace,  often  lasts  many  years ;  it  is,  in  fact,  continued  until 
the  oven  or  blast  frimace  becomes  worn  out. 


prooMigoiac  The  chemical  process  which  is  going  on  in  the  interior  of  the 
kmi  fohmm.  blast  furnace  when  at  work  (technically,  while  in  blast)  differs  con- 
siderably in  different  portions  of  the  vertical  section.  The  annexed  Figs.  4  and  5  repre- 
sent the  interior  of  a  blast  fiimace  exhibited  in  perpendicular  section,  and  filled  with 
aHemate  layers  of  fiiel  and  mixed  ore  and  flux,  the  latter  being  indicated  by  the 
narrower,  the  former  by  the  wider  layers.     Counting  from  the  surface  of  the  fluid  slag, 
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//,  Op  to  ibo  month  i^  the  furnace  tlie  interior  msj  be  divided  into  five  zones  or 
regioiu,  viz: — 

1.  The  first  heating  zone,  a  b. 

2.  The  reduction  zone,  b  e. 

3.  The  carhuration  zone,  c  d. 

4.  The  melting  zone,  d  e. 

5.  The  combiution  zone,  ef. 

In  the  opper  part  of  the  fiima«e,  the  first  heating  zone,  tlie  materials  become  vanned 
«nd  are  rendered  thoroughly  dry,  but  they  hardly  become  hotter  than  a  low  red  heat. 
The  redaction  zone  b  the  largest  in  extent.  In  tho  lower  part  of  the  shaA  of  the  furnace, 
and  especially  towards  the  belly,  the  oxide  of  iron  is,  by  llie  action  of  the  reducing 
gases, first  converted  intoprotoxideof  ironand  nextinlomctal.  The  reducing  agents 
present  in  this  zone  are — carbonic  oxide,  carburetted  hydrogen  gas,  and  hydro- 
cyanic acid  gas  Icyanideofhydrogenl,  or  vapours  of  cyanide  of  potassium ;  atacertam 
part  in  this  zone  the  iron  is  present  as  malleable  iron.  Det^r  down  in  the  furnace 
the  carhuration  zone  is  met  with  ;  here  the  combination  between  the  iron  and  carbon 
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talces  place,  producing  a  more  or  less  ateel-lihe  and  somewhat  caked  iron,  which,  when 
sinking,  enters  the  melting  zone  and  is  saturated  with  carbon  and  entirely  broaght  to 
the  state  of  pig-iron.  At  the  portion  forming  the  combustion  or  oxidation  zone,  which 
ia,  as  compared  with  the  other  zoues,  only  of  very  small  extent,  the  air  from  the 
blast  enters  the  furnace  tbrongh  the  nozzles,  and  meeting  with  incandescent  coke  at 
the  highest  posdhle  white  heat,  causes  the  formation  of  carbonic  acid,  but  this  gas  in 
pasmng  npwarde  through  other  layers  of  incandescent  fuel  becomes  reduced  to 
carbonic  oxide  (C0» + C = 2COI ;  by  tho  combustion  of  the  hydrogen  contained  in  the 
fuel,  water  is  also  formed,  which,  al<mg  with  the  aqueous  vaptflir  contained  in  the  air 
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of  the  blast  (recently  it  has  been  tried  to  eliminate  this  aqueons  vapour  bj  passing 
the  air  previous  to  reaching  the  nozzles  through  concentrated  sulphuric  acid)  is 
decomposed  by  the  enormous  heat  of  the  middle  portion  of  tlie  furnace  as  well  as 
by  the  presence  of  carbon,  forming  hydrogen  and  oxygen,  the  former  of  which  enters 
into  combination  with  the  carbon,  forming  carburetted  hydrogen,  while  the  latter  com- 
bining with  the  same  element  produces  carbonic  oxide.  The  nitrogen  present  in  the 
coke,  as  well  as  a  portion  of  the  nitrogen  present  in  the  air  of  the  blast,  combines  with 
the  carbon,  forming  cyanogen  (either  as  cyanide  of  some  metal  or  as  cyanide  of 
hydrogen).*  The  reducing  gases  meeting  with  the  ores  cause  the  oxides  present 
to  be  converted  into  metal,  wliile  the  gases  remaining  (the  blast  furnace  gases) 
escape  from  the  mouth  of  the  furnace.  The  reduced  iron  combines,  wliile  mnking 
downwards,  with  carbon,  forming  the  crude  metal,  and  fuses  in  so  doing ;  the  union  of 
the  particles  being  promoted  by  the  slag.  As  soon  as  the  iron  reaches  that  portion  of 
the  furnace  where  the  heat  is  strongest,  the  carbon  contained  in  the  metal  begins  to 
exercise  its  reducing  action  upon  such  substances  as  alumina,  lime,  silica,  &c.,  which 
in  the  reduced,  or  metallic,  state  combine  with  the  iron. 

Recent  researches  have  proved  that  the  copious  production  of  hydrooyanio  acid 
generated  by  the  process  going  on  in  the  blast-furnace  greatly  and  very  essentially  assists 
the  reduction  of  the  ores ;  that  compound  of  course  combines  with  the  i^kalies  and  alkaline 
earths  contained  in  the  fuel  and  other  materials.  It  has  been  surmised  that  the  crude 
iron  is  not  solely  a  carburet  of  that  metal,  as  might  be  produced  by  the  decomposition 
of  cyanide  of  iron,  but,  in  addition  to  a  small  quantity  of  that  body,  contains  also 
nitride  (a  nitrogen  compound)  of  that  metal.  In  support  of  this  view  the  fact  is  brought 
forward,  that  Dr.  Wohler,  of  Gottingen,  found  many  years  ago  that  the  cubical  crystals 
of  what  was  considered  to  be  metaUic  titanium,  and  found  in  the  blast  furnace  slag,  turned 
out  to  be  a  compound  of  nitride  of  titanium  and  cyanide  of  that  metal.  In  order  to  give 
some  idea  of  the  large  quantity  of  metallic  cyanides  generated  by  the  blast  furnace  process, 
we  briefly  quote  from  the  researches  made  on  this  subject  by  Drs.  Bunsen  and  L.  Playfair, 
that  an  English  blast-furnace,  fed  with  coal  as  hiel,  produced  daily  a  quantity  of 
225  pounds.  M.  Eck,  who  made  some  researches  on  this  subject  at  Eonigshutte,  in  Upper 
Silesia  (Prussia),  discovered  the  formation  of  both  cyanide  and  sulphocyanide  of  potassium, 
and  he  found  by  calculating  from  the  quantify  of  potassa  contained  in  the  ores,  flux,  and 
fuel,  a  daily  production  of  35  i  pounds  of  cyamde  of  potassium.  The  reduction  of  alumina 
and  silica  to  aluminium  and  siUcium  also  takes  place  in  the  melting  zone. 

tmS»!^&mi^Su.  ^*  5  exhibits  the  temperature  prevailing  at  the  limits  of  each 
zone.  The  temperature  of  the  combustion-zone  would  be  far  higher  than  happens 
to  be  the  case  were  it  not  that,  by  the  conversion  of  carbonic  acid  into  carbonic 
oxide--that  is,  the  absorption,  or  more  correctly  vapourisation  of  carbon — a  considerable 
lowering  of  temperature  (in  other  words,  absorption  of  heat  which  becomes  latent)  is 
produced.  It  should  be  remembered  that  here  the  volume  of  the  carbonic  acid  is 
also  doubled,  while  this  reaction  is  taking  place,  and  that  process  of  course  also 
absorbs  heat 

Taking  into  due  consideration  the  fact  that,  under  the  most  favourable  conditions, 
only  i6'55  per  cent  of  the  fuel  supplied  to  a  blast-furnace  is  usefully  consumed, 
while  no  less  than  83*45  P^  <^nt  escapes  from  the  mouth  in  the  shape  of  com- 

^^mT*^  bustible  gases,  it  cannot  excite  any  wonder  that  the  idea  arose  of  utilising 
these  gases :  this  idea  has  actually  resulted  in  various  useful  ways,  as,  for  instance, 
for  the  fiudon  and  puddling  of  the  iron,  for  the  refining  and  cleansing  by  welding 
of  the  iron,  for  the  heating  of  the  blast,  the  roasting  of  the  ore,  and  the  drying 
and  cajrbonisation  of  the  wood. 

*  Aoeording  to  the  view  of  M.  Berthelot  [1869]  there  is  in  this  instance  first  formed 
•eetjlide  of  potassium,  OA*  which  then  combines  directly  with  nitrogen  to  form  cyanide 
of  potMBom*  2{(JHE). 
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^^ffSfSanuftMitm^'of*'       '^®  application  of  the  gases  to  the  useful  purposes  just  mentioned 
saiammonuc.  does  not  exhaust  the  list  of  such  applioations.    Drs.  Bunsen  and 

Playfair  found  that  the  gases  emitted  by  blast-furnaces  fed  with  coal  as  fuel  contain  such 
a  large  amount  of  ammonia  that  the  presence  of  that  gas  in  the  lower  parts  of  the  blast- 
furnace is  even  perceptible  to  the  smell.  These  eminent  savants  proposed  to  convey  the 
gases  previous  to  being  used  as  fuel  through  a  chamber  containing  hydrochloric  acid  gas : 
the  solution  of  sal-ammoniac  thus  obtained  should  be  run  into  the  pan  of  a  suitably 
constructed  reverberatory  furnace;  and  a  small  portion  of  the  current  of  gas,  after 
having  been  ignited,  being  carried  over  the  surface  of  the  liquid,  the  evaporating  process 
can  be  regulated  so  as  to  obtain  a  continuous  stream  of  a  concentrated  solution  of  sal- 
ammoniac  as  a  metallurgical  by-product.  Experiments  instituted  at  the  Alfreton  Iron 
Works  (blast-furnace)  proved  that  in  this  way  about  2*44  cwts.  of  sal-ammoniac  could  be 
produced  daily  without  any  great  expense  and  without  any  interference  with  the  process 
of  iron  manufacture.  The  formation  of  sal-ammoniac  is  intimately  connected  with  the 
formation  of  cyanogen  just  spoken  of.  When  cyanide  of  potassium  comes  into  contact  with 
aqueous  vapour,  it  is  decomposed  into  ammonia  and  formiate  of  potassa — 

(KCN+2HaO-NH3-f  CHKO2) ; 
the  reverse  reaction,  that  is  to  say,  the  withdrawal  of  aU  oxygen  in  the  form  of  water, 
from  formiate  of  ammonia  would  result  in  the  formation  of  cyanide  of  hydrogen — 

[CH(NH4)0a  -  2HaO  =  CHN] . 

^Srt'iroB?*  T^®  ^^^  obtained  by  the  blast-fomace  process  is  impure,  and  therefore 
called  crude  cast-iron  ;  it  contains  carbon  (in  the  shape  of  graphite  as  well  as 
in  a  state  of  intimate  chemical  combination  with  iron  as  a  carburet  of  that  metal), 
silicium  again  as  so-called  silicium  graphite  and  as  a  siliciuret  of  iron,  sulphur, 
phosphorus,  arsenic,  and  aluminium.  The  colour  and  physical  properties  of  the  iron 
are  determined  by  the  quantity  of  carbon  it  contains.  Formerly  the  more  or  less 
deep  colour  of  the  crude  iron  was  believed  to  be  dependent  upon  the  larger  or 
smaller  quantity  of  carbon  the  iron  contained,  and  accordingly,  the  deepest 
coloured  metal  was  supposed  to  contain  the  largest,  and  the  least  coloured  iron  the 
smallest,  quantity  of  carbon ;  investigations  have,  however,  satisfactorily  proved  that 
it  is  not  so  much  the  quantity  as  the  manner  in  which  the  carbon  (likewise  the 
silicium)  is  present  that  determines  the  quality.  The  fact  is,  that  with  carbon  and 
silicium  a  portion  only  is  chemically  combined  with  the  iron,  while  the  largest  pro- 
portion of  these  metalloids  is  only  mechanically  mixed  with  the  metal,  being,  as 
already  stated,  present  in  the  form  of  graphite  (graphitic  carbon  and  silicium). 
According  to  the  researches  of  M.  Fr6my  and  others,  it  is  probable  that  crude  iron 
frequently  contains  nitrogen,  and  that  the  presence  of  this  element  influences  the 
quality  of  the  metal ;  but  this  view  is  not  endorsed  by  MM.  Caron,  Gruner,  and 
Dr.  Bammelsberg.  There  are  two  chief  qualities  of  crude  iron  in  the  trade,  viz., 
white  and  grey  coloured. 

White oaitDron.  White  cast-irou  is  distinguished  by  its  silvery  white  colour, hardness, 
brittleness,  strong  lustre,  and  higher  specific  gravity,  which  ranges  from  758  to  768. 
Sometimes  this  kind  of  iron  happens  to  contain  prismatic  crystals  visible  to  the 
naked  eye,  and  such  iron  is  tlien  called  spiegeleisen,  or  crystalline  pig  (crude  steel 
iron).  This  variety  of  iron  may  be  viewed  as  a  combination  of  CFeg,  or,  more  accu- 
rately stated  as  FeeC-l-FesC,  with  593  per  cent  of  C.  If  the  structure  of  the  white 
cast-iron  is  radiated  and  fibrous,  while  the  colour  is  bluish  grey,  the  metal  is  known 
as  white  pig-iron  with  a  granular  fracture.  When  the  white  colour  disappears  still 
more,  and  the  fracture  becomes  jagged,  such  a  metal  holds  a  medium  between  white 
and  grey  pig,  and  is  therefore  called  porous  white  pig. 

any  CMt-iron.  Grey  cast-iron  exhibits  a  bright  grey  to  deep  blackish  grey  colour. 
Its  texture  is  granular  or  scaly  ;  its  specific  giavity  averages  about  7,  consequently 
less  than  the  white  variety,  and  the  gi-ey  iron  is  also  less  hard.     When  pigs  happen 
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to  contain  both  grey  and  white  iron  in  portions  only,  or  dispersed  tlirough  their  entire 
mass,  such  metal  is  ccilled  half-and-half  iron,  and  is  specially  applicable  to  foundry 
purposes.  The  chemical  difference  between  white  and  grey  cast-iron  is  due  to  the 
£act  that  the  former  only  contains  chemically-combined  carbon  (from  4  to  5  per  cent) , 
while  the  latter  contains  from  05  to  2  per  cent  of  this  element  in  the  combined 
state,  with  rather  more  than  that  amount  mechanically  mixed,  viz.,  from  13  to  37 
per  cent.  As  regards  the  melting-point  of  cast-iron,  the  white  variety  fuses  at  a 
lower  temperature  and  more  easily ;  but  the  grey  cast-iron  possesses  far  greater 
fluidity.  Crude  cast-iron  is  not  malleable,  and  cannot  be  welded  or  forged ;  when 
made  red-hot,  it  becomes  very  soft — so  soft  that  it  can  be  cut  with  a  saw  such  as  is 
used  for  sawing  wood;  but  when  placed  on  an  anvil  and  hammered,  this  iron 
breaks  into  fragments  even  when  red  hot.  Grey  cast-iron  is  the  best,  and,  in  fact, 
only  suitable  kind  of  crude  iron  to  be  used  for  making  iron  castings.  The  perfect 
fluidity  of  this  metal  when  molten  causes  it  to  fill  the  moulds  well,  and  to  yield  excel- 
lently sharp  and  well-defined  forms.  White  cast-iron,  on  the  contrary',  is  not  used 
for  iron-foundry  purposes,  because,  while  solidifying,  it  warps,  and  the  surface 
becomes  concave.  Grey  cast-iron  can  be  filed,  cut  with  the  cold  cliisel,  turned  upon 
the  lathe,  and  planed.  "White  cast-iron  is  too  hard  to  admit  of  any  such  operations 
being  performed  upon  it.  Grey  cast-iron,  molten  and  then  suddenly  cooled,  is 
converted  into  white  cast-iron ;  on  the  other  hand,  white  cast-iron,  molten  at  a  very 
high  temperature  (heated  fax  above  its  melting-point),  and  cooled  very  slowly,  becomes 
converted  into  grey  cast-iron. 

The  quality  of  the  iron  produced  by  the  blast-furnace  process  does  not  so  much  depend 
upon  the  ores  and  other  materials  used.  In  this  respect  the  temperature  is  of  far  greater 
importance.  It  would  appear  that  after  every  fresh  charge  there  is  at  first  produced  white 
cast-iron,  which  is  only  converted  into  grey  cast-iron  by  a  very  much  iucreaBod  tempera- 
ture. If  the  reduction  of  the  ore  to  metal — care  being  of  course  taken  to  have  a  proper 
proportion  of  ore  and  the  other  materials — proceeds  regularly,  the  furnace  is  said  to  be  in 
a  healthy  state  of  working.  Under  such  conditions,  the  slag,  which  contains  only  very 
little  protoxide  of  iron,  is  never  deeply  coloured.  If  fuel  were  not  supplied  in  proper 
proportion  and  the  ore  to  prevail,  the  reduction  would  probably  be  imperfect  and  the  slag 
a  deep  colour,  in  consequence  of  the  presence  of  a  large  quantity  of  protoxide  of  iron 
(colour  of  dark  green  bottle  glass).  Such  a  condition  of  working  is  termed  irregular. 
When,  in  consequence  of  an  excess  of  fuel,  the  heat  in  the  furnace  becomes  very  great, 
that  condition  of  working  is  termed  hot,  and  only  grey  cast-iron  is  formed. 

The  results  of  the  chemical  analysis  of  some  varieties  of  crude  metal  may  elucidate  the 
general  composition  of  cast-iron :  the  under-mentioned  samples  are  : — i.  Speigel  iron,  made 
from  14  parts  of  spathose  ironstone  and  9  parts  brown  iron  ore  (Hammerhiitte).  a.  White 
pig-iron,  with  a  granular  fracture,  from  Styria.  3.  White  pig.  4.  Half-and-half  pig. 
5.  Grey  cast-iron  (from  brown  iron  ore  and  charcoal).  6.  Grey  cast-iron,  from  brown  iron 
and  spathose  iron  ore  mixed.  7.  Grey  oast-iron,  from  ochreous  brown  iron  ore  and  coke. 
The  sign  —  indicates  that  no  search  or  testing  was  made  for  the  substance  ;  the  sign  o  in- 
dicates that  the  substance  was  not  found. 

I.  2.  .3.  4.  5.        •  6.  7. 

Combined  carbon       ..     5*14        4*920        2*91        278        0-89        1*03        0-58 

Graphite     o  o  o  1-99        371        362        257 

Sulphur      0-02        0*017        o*oi  o  —  —  — 

Phosphorus        ..     ..     <yo8  o  0*08        1-23         —  —  — 

Biliciam      0*55  o  o  8-71         —  —  — 

Manganese 4*49  o  1-79  o  —  —  — 

The  reeolts  below  are  those  obtained  by  M.  Buchner,  while  examining  the  quantities  of 
earbon  and  silicium  contained  in  crude  iron  :  i,  2,  3,  4,  are  spiegel  iron,  almost  or  quite 
oystalline  ;  5,  6,  porous  white  pig. 

1.  2.  3.  4.  5.  6. 

Cy 414        3-80        409        375        3-31        303 

C/3 ______ 

Si O'oi        0*01        0-26        0.27       Spur       0-15 

r 
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7,  8,  g.  White,  very  bright,    crude  iron. 
12.  Strongly  mixed  half-and-half. 


lo.  White  pig.     ii.  Half-and-half  pig. 


Or 

0/3 

Si 


7- 
3*40 

0*14 


8. 
270 

0*12 


9- 
2-13 

O'lO 


10. 
3*6o) 


i 


II. 


3*34 

O'lO 


13- 


Hi 


0*66 
15,  16.  Grey  oast-iron. 


12. 
272 

0'20 

17.  Ck>arBe-grained 


Si 


16. 
071 
279 

1*53 


17- 
038 

3*28 

1*62 


18. 
0*26 

383 
0-59 


Less  strongly  mixed  half-and-half, 
cast-iron.    18.  Over-coaled  black-greyish  cast-iron. 

13*  14*  15* 

2*17  1-35  i-i8 

2*11  2*47  2*42 

cog  070  0*66 

The  present  (1870)  production  of  crude  iron  (pig-iron)   amounts  to 
rather  more  than  200  millions  of  hundred  weights.    Of  this  quantity  the 
under-mentioned  countries  produce  : — 

United  Kingdom  of  Great  Britain  and  Ireland 115,000,000  owts. 

France       24,500,000 

North  America,  U.S 20,200,000 

Prussia      16,300,000 


SUtlitles  eonecrnliig 

tlM  Prodaetion  of 

Crude-Ixon. 


Belgium 

Austria 

Bussia 

Sweden 

Luxemburg 

Bavaria 

Saxony 

Wurttemburg 

Baden 

Hesse 

Brunswick 

Thiiringia . . 

Australia  . . 

Italy  ..     .. 

Spain . . 

Norway 

Denmark  ./ 


8,900,000 

6,750,000 

6,000,000 

4,500,000 

1,100,000 

732,000 

280,000 

138,000 

16,000 

250,000 

90,000 

18,000 

2,000,000 

750,000 

1,200,000 

500,000 

300,000 


209,524,000  cwts. 
Having  a  value  of  about  97*5  million  pounds  sterling. 

inrnfoandry  Work.  For  the  manufacture  of  iron  castings  a  somewhat  mixed  grey  iron 

Re-melting  cnide  CMt-iron.  jg  employed,  because  its  qualities  best  suit  the  purpose.    These 

qualities  are  closeness  of  grain,  strength,  a  capability  to  well  fill  the  moulds,  coupled  with 
sufficient  softness  to  admit  of  boring,  filing,  &c.  Although  iron  castings  can  be  made 
directly  from  the  tapping  of  the  blast-furnace,  it  is  found  advantageous  and  preferable  in 
practice  to  re-melt  the  pigs.  This  operation  is  carried  on  in  crucibles  in  a  cupola  furnace, 
or  in  a  reverberatory  furnace.  Crucibles  (made  of  plumbago  or  fire-clay)  are  only  used  for 
making  castings  of  small  size.  The  quantity  of  iron  melted  in  crucibles  does  not  usually 
exceed  five  or  eight  pounds. 

Shaft  or  Cupola  Fnraaoe.  For  the  purposes  of  the  iron-foundiy,  the  shaft  or  cupola  furnace, 
represented  in  Figg.  6  and  7,  is  more  generally  used.  The  cupola  furnace  is  in  form  cylin- 
drical, and  from  2*5  to  3*5  met.  high.  The  pig-iron,  previously  broken  up  to  lumps 
of  suitable  size,  and  the  fuel,  which  may  be  either  coke  or  wood  charcoal,  are  placed  in 
alternate  layers  in  the  sh^  a  ;  the  openings  c  and  d  are  intended  for  the  insertion  of  the 
tuyeres  connected  with  the  blast.  The  opening  leading  to  the  spout,  b,  is  closed  during 
the  progress  of  the  melting ;  as  soon  as  the  molten  iron  reaches  the  orifice  at  a,  this 
opening  is  closed  by  means  of  fire-clay,  and  the  tuyere  first  placed  in  a  is  transferred  to 
the  opening  d.  The  molten  metal  is  either  conducted  by  the  aid  of  channels  direct  to  the 
moulds,  or  tapped  into  suitable  vessels  and  carried  to  the  moulds.  In  many  instances 
eranes  are  used  to  transport  the  molten  metal.  Here  also  the  application  of  hot  air  has 
been  attended  with  a  great  saving  of  fuel. 

BcTerberatory  Fomaee.  In  Bome  cascs  pig-iron  is  melted  in  a  reverberatory  furnace,  the  iron 
being  placed  on  the  smelting-hearth,  which  is  covered  with  sand  ;  the  hearth  is  slightly 
inclined  and  narrowed  towards  the  tapping-hole.  A  strong  coal  fire  is  made  up,  and  the 
flame  playing  across  the  fire-bridge  is  directed  over  the  entire  length  of  the  furnace,  and 
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then«e  into  a  high  ahimney.  The  molten  metal  on  being  tapped  U  oondncted  to  the 
inonldn  in  the  same  manner  m  with  the  cupola  huuaoe.  Bather  more  than  so  owts.  of 
mg-iron  can  be  melted  at  once  in  a  reTerberatorj  fnmaoe  ;  but  ainoe  the  air  has  free  acosBB, 
the  iron  bocomeg  gradually  deoarbonised,  and  is  thus  rendered  unfit  (or  oastingi. 

KtUia  u»  KorUdi  The  most  esBBntial,  and  also  most  difficult,  part  of  the  iron-founder's 
work  IB  the  proper  oonetmction  of  the  moulds.  Aocording  to  the  materids  from  which  the 
monlda  are  oonstracted,  we  distingnish — i.  Sand  moulding  or  green-sand  moulding,  the 
material  being  a  pecnliar  kind  of  sand  (foandiy-sand).— It  Ib  neeesaaiy  for  this  eand  to  be 
eiceedingl;  fine,  and  ;et  sufficiently  coherent  that  tne  aliarpfist  angles  and  cornerB  will 
nmain  standing.  TMb  Utter  property  is  imparted  to  the  eand  by  addhig  as  muoh  clay  as 
will  render  the  mass  capable  of  being  squeezed  wiUi  the  band  into  balls  when  moiHtened 
with  water.  A  certain  amount  of  poroaity  ia  also  requisite  to  enable  the  steam  which  is 
formed  when  the  molten  iron  comes  into  contaot  with  the  mould  to  readily  escape.  This 
property  is  oommnnicated  by  the  addition  of  powdered  charcoal.  Sand-moulds  are  not 
dried  before  the  molten  iron  is  poured  in.    Soch  objects  as  plates,  grates,  railings,  and 

Fio.  6.  Flo.  7. 


wheels,  which  are  level  on  one  side  are  oant  in  op«n  nand  moulds  that  is  to  Bay,  on  the 
floor  of  the  foundry,  previously  oovered  with  sand  of  the  reqmsite  qnahty,  the  moulds 
being  obtained  l^  pressing  the  pattome  into  the  sanl  For  other  branches  of  the  work, 
M,  (or  instAnoe,  iion-pots.  the  box  mould  is  used.  2.  Dry  sand  moulding. — The  forms  are 
nuide  in  sand  and  clay,  or  loam,  care  being  taken  to  dry  the  moulds  thoroughly  before 
CMtiag.  3.  Loun-eastiQg. — The  material  used  for  thia  pnrpose  is  loom,  which,  previoag 
to  being  used,  is  sifted,  moistened,  and  mixed  with  horse-dung  to  prevent  the  moulds  from 
eraokingdnring  drying.  4.  Case-hacdeniiig,  or  casting  in  iren  moulds. — This  mode  of  casting 
iron  only  ^plies  to  some  peculiar  descriptions  of  work,  aa,  for,  instance,  the  cylinders  of 
rolling-mills,  some  Mnda  of  shot  and  shells,  and  rulway  waggon- wheels.*  By  the  use  of 
iron  monlds,  the  ttfting  cools  and  solidifies  very  rapidly,  and,  aa  a  eonsequenee,  the  outer 
layer  become*  converted  into  white  Eaat-iron,  which  ia  very  hard.  Thus  the  cylinders  for 
mUing-niills  can  be  so  made,  that  while  the  surface  is  very  hard,  they  are  not  brittle,  and, 
therefore,  fragile,  because  the  interior  oondstB  of  grey  oaBt-imn. 
OrMn-sand  oaatiiig  is  by  far  the  most  general  mode  of  casting:  fnmace-bars,  eait-iron 
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grate*,  pltrtea,  wheels,   and   a  variety  of  objects,  are  Uins  made.    Dry-sand 
'  ia  OMd  for  tl 


F  the  easting  of  iron  gaa-  and  water-pipeB,  and  also  of  oaat-iron 
This  latter  is  preferably  made  from  such  pig-iron  as  contains  grey  and  white 
mm  mixed ;  a  higher  degree  of  toughness  and  elasticity  can  thns  be  obtained.  Dry.sand 
monldillg  is  alao  used  for  the  making  of  small  ornamental  objects,  so-called /er  d^  BcrliUt 
tadl  M  CMt-iron  ink-stands,  candlesticks,  and  a  peculiar  kind  of  cast-iron  pins,  aa  well  as 
bmodiM,  ear-rings,  and  similar  things.  Loam-moulding  is  used  for  the  casting  ol  large- 
Mied  oanldrong,  bells,  and  other  large  objects  for  which  no  wooden  pattern  is  made ;  also 
for  the  casting  of  sleam-eogiDe  cylinders.  We  distinguish  in  this  kmd  of  moulding  three 
ddef  parts,  viz. : — 

s  made  of  best 
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a.  The  core,  or  kernel,  the  size  and  shape  of  which  corresponds  to  the  interior  of  the 
object  to  be  cast. 

b.  The  foundry-pattern. 

c.  The  exterior  mould,  also  termed  the  case. 

The  loam  mouldings  are  very  rapidly  dried ;  the  casting  of  statues  and  other  monumental 
work  is  done  by  loam  moulding,  but  zinc  is  beginning  to  supersede  iron  for  this  purpose. 
Whenever  objects  have  to  be  cast,  the  surface  of  which  is  very  unequal,  t.#.,  so  shaped 
that  a  partial  dismounting  of  the  case  is  impossible,  as  may  happen  for  instance  with 
statues  and  monumental  work,  the  shape  is  made  on  the  core  by  means  of  wax :  the 
pattern  maker  constructs  a  pattern,  often  consisting  of  a  number  of  loose  pieces  ;  into  this 
the  molten  wax  is  poured,  and  the  mould  thus  obtained  is  carefully  placed  on  the  core  and 
properly  joined.  The  wax  mould  is  brushed  over  with  a  mixture  of  pulverised  graphite  and 
very  finely  divided  clay,  which  operation  is  several  times  repeated  ;  after  this  the  mould  is 
covered  with  a  layer  of  loam  mixed  with  cow  hair,  and  as  soon  as  this  layer  is  dry  the  wax  is 
removed  by  applying  a  gentle  heat,  a  channel  having  been  left  by  which  the  wax  can  escape. 

Annealing.  The  castings,  when  sufficiently  cool,  are  cleaned  from  adhering  sand,  the  seams  cut 
Tempering,  off  ^^h  acoldchiscl,  and  in  many  cases  submitted  to  a  series  of  mechanical  opera- 
tions, as,  for  instance,  cast-iron  ordnance,  which  has  to  be  bored,  while  other  objects  have  to 
be  worked  in  the  lathe  and  planed.  Frequently  cast-iron  objects  have  become  as  hard  and 
brittle  as  if  they  had  been  cast  from  white  pig-iron,  and  consequently  are  unfit  for 
tiling,  &c.  ;  such  iron  is  restored  to  the  .requisite  softness  by  annealing  or  tempering.  In 
this  operation  the  castings  are  submitted  to  a  strong  red  heat  and  cooled  slowly,  being  at 
the  same  time  protected  from  the  oxidising  influence  of  the  air ;  the  annealing  is  effected 
either  by  a  physical  or  a  chemical  process.  If  the  former  is  used,  the  castings  are  simply 
covered  with  a  thick  layer  of  clay  and  made  red-hot,  the  effect  being  a  simple  rearrangement 
of  the  molecules  of  the  iron,  which  is  thus  rendered  soft  again ;  the  heating  to  redness  is 
also  sometimes  effected  by  placing  the  castings  under  a  layer  of  dry  sand  or  in  suitably 
constructed  vessels  filled  with  charcoal  or  coke  powder.  If  it  is  desired  to  impart  to  the 
castings  somewhat  of  the  strength  and  toughness  possessed  by  steel  and  malleable  iron, 
the  tempering  is  so  arranged,  and  heat  applied  for  a  longer  time,  while  the  metal  is 
surrounded  by  a  mixture  of  pulverised  charcoal,  bone-ash,  and  forge  scales,  red  oxide  of 
iron,  oxide  of  manganese,  or  oxide  of  zinc ;  cast-iron  which  has  been  uniformly  and 
thoroughly  decarbonised,  is  called  n^alleable  cast-iron.  A  great  many  objects  formerly 
exclusively  made  of  wrought-iron  are  now  cast  and  treated  in  this  way,  while  a  number  of 
others,  inclusive  even  of  razors,  are  made  of  oast-iron  superficially  converted  into  steel  by 
a  method  which  wiU  be  described  under  the  heading  of  Steel.  In  order  to  prevent  the 
rusting  of  articles  made  of  cast-iron,  they  are  frequently  covered  with  a  varnish  made  from 
coal  tar  and  powdered  graphite,  or  boiled  linseed  oil  and  lamp-black,  and  when  intended 
for  ornamental  or  domestic  use  they  are  bronzed  or  burnished. 
EnuneUing  of  Among  tho  first  cast-iron  objects  ever  enamelled  were  the  pans  used  in 
cast-ixon.  kitchcus  for  culinary  purposes,  but  at  the  present  time,  especially  in  England, 
the  enamelling  of  cast-iron  is  carried  on  to  a  largo  extent  and  includes  a  variety  of  things 
made  of  cast-  and  even  wrought-iron.  The  process  in  use  is  briefly  as  follows : — The 
surface  of  the  cast-iron  to  be  enamelled  is  first  carefully  cleaned  by  scouring  with  sand 
and  dilute  sulphuric  acid,  next  a  somewhat  thickish  magma,  made  of  pulverised  quartz, 
borax,  feldspar,  kaolin,  and  water,  is  brushed  over  the  clean  metallic  surface  as  evenly  as 
possible,  and  immediately  after  a  finely  powdered  mixture  of  feldspar,  soda,  borax,  and 
oxide  of  tin  is  dusted  over,  after  which  the  enamel  is  burnt  in  by  the  heat  of  a  muffle. 
In  France  an  enamel  is  applied  which  consists  of  a  mixture  of  130  parts  of  flint  glass, 
20 i  parts  of  carbonate  of  soda,  and  12  parts  of  boracic  acid  fused  together  and  afterwards 
ground  to  a  fine  powder.  Enamelled  iron  has  in  some  manufactured  articles  taken  the 
place  of  tinned  iron  or  zinc. 

/3.  Malleable,  Bab,  or  Wrouoht-Iron. 

RSSed°iJon.  ^^  comparatively  olden  times  the  custom  was  to  produce  malleable 
iron  direct  from  its  ores  by  a  process  stiU  in  use  to  some  extent  in  Styria,  Ill^Tia,  Italy, 
Sweden,  some  parts  of  Asia,  Andorra,  and  other  localities.  The  process  (a  modification 
of  which  is  kno\ni  as  the  Catalan  process)  consists  in  the  reduction  of  the  iron  ores, 
which  must  be  very  rich  and  pure,  by  means  of  cliarcoal,  which  serves  also  as  fuel  on 
a  hearth,  the  combustion  being  aided  by  a  blast,  often  simply  bellows ;  the  lump  of 
iron  thus  obtained  is  immediately  submitted  to  the  blows  of  a  heavy  forge  hammer. 
Excepting  in  the  few  instances  just  mentioned,  this  process  of  direct  extraction  of  iron 
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from  ita  ores  has  been  altogether  abandoned,  ami  has  given  place  to  the  production  of 
malleable  iron  from  pig-iron ;  die  process  by  wJiich  Uiis  ia  effected  is  termed  refining, 
and  consists  in  the  removal  of  the  greater  portion  of  tlio  carbon  and  other  impurities 
contained  in  the  crude  metal  bj-  oxidation.  Tlie  crude  metal  chiefly  employed  for 
reilning  ia  wliiU  pig-iron,  preferably  that  containing  the  least  possible  quantity  of 
carbon,  because  this  kind  of  iron  becomes  soft  before  melting  and  remains  for  a  long 
time  very  fluid,  and  therefore  presents  a  larger  siuface  to  oxidising  at,'ents ;  the  chemi- 
caUj  combined  carbon  of  white  pig-iion  bums  far  more  readily  than  tlie  graphite  con- 
tained in  the  crude  grey  cast-iron.  The  refining  process  is  executed  either : — (i)  On 
hearths  Ithe  German  process]  ;  or  (zi  In  reverberatory  furnaces  ipuddling  or  English 
process!  ;  In  tlie  preparation  of  bar-iron  I3)  by  the  forcing  of  air  into  the  raoIt«n  metal 
(Bessemer  and  other  similar  processes).  This  latter  process  is  described  under  Steel. 
""""pJiS^'"'^  ^''^  hearth  on  which  this  process  is  carried  out  is  represented  in 
Pig.  8.  The  crude  iron  is  placed  in  the  cavity  a  of  the  hearth,  J,  and  the  metal  ia 
brought  to  fusion  in  such  quantity  that  the  molten  mass  has  a  length  of  from  i  to 
13  metre,  a  width  of  about  27  centima.,  and  a  tliickness  of  from  4  to  g  centima.  The 
cavity,  a,  is  lined  with  thick  plstos  of  iron,  and  the  tuyere,  c,  supplies  the  uecessary 
air  from  a  bloat  which  is  directed  against  the  molten  metal.  The  heartli  is  first  fiUed 
with  ignitod  charcoal ;  next  the  blast  is  turned  on,  and  then  tlie  crude  metal  is  placed 
on  the  hearth,  b,  and  becoming  gradually  melted,  flows  into  the  cavity,  a.  The  action 
of  Uie  blast  causes  tlie  combustion  of  the  carbonaceous  matter  of  the  metal,  while  the 


■and  adhering  to  the  pigs,  thesilicadiie  to  the  oxidation  of  the  siliciumcontnined  in  the 
iTudeiron,and|}ieBilicacoutftinedin  Uieashof  the  fuel,  also  play  an  important  part  in 
the  process,  because  these  substances  combine  witli  the  protoxide  of  iron  which  is  pre- 
aent.  formin  J  a  slag,*  compo^pd  of  basic  silicate  of  protoxide  of  iron  (in  100  parts,  68'84 
protoxide  and3ii6sihca).  This  slag  protects  the  iron  during  the  refining  process,  but 
is  gradually  run  off.  earn  being  taken,  however,  to  leave  a  sufficient  quantity  to  cover  the 
metal.  Mixed  «ilh  for;^c-S!;alua  (a  mixture  of  proto- and  peroxide  of  iron],  the  slag  of 
the  first  refining  ia  employed  in  the  further  refining  process  to  decarbonise  the  iron. 
When  crude  cast-iron  is  heatod  to  redness  along  with  these  materials,  the  oxygen  con- 
tained in  them  is  given  off,  and  combiniiig  with  tlie  carbon  contained  in  the  cast-iron, 
forma  carbonic  oxide  and  leaves  malleable  iron.  The  refining  process  also  canaea  the 
moreor  less  complete  elimination  of  anch  siibslances  as  aluminium,  phosphoma,  end 
manganesefrom  the  crude  metal,  by  converting  them  into  alumina,  phoaphoric  acid,  and 
protoxide  of  manganese,  all  of  which  are  taken  up  in  the  alag.  As  soon  as  all  the  iron 
has  become  flnid  tlic  slag  ia  run  off  and  the  metal  exposed  to  the  action  of  the  blast. 
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care  being  taken  to  work  the  metal  about  so  as  to  render  the  action  nniform ;  the 
somewhat  thickish  fluid  mass  becomes  during  decarbonisation  more  and  more  fluid,  and 
the  stirring  up,  or  raising  up,  as  the  operation  is  termed,  is  continued  until  the  iron  is 
refined,  which  is  shown  by  the  fact  of  the  slag  becoming  very  rich  in  protoxide  of 
iron.  Towards  the  end  of  the  operation,  the  rich  slag,  Si04,Fea,  is  formed,  which 
along  with  forge  scales,  is  employed  for  decarbonising  the  metal.  This  rich  slag  is 
never  crystalline  in  structure,  but  exhibits  a  dense  tough  mass  of  higher  specific 
gravity  than  the  raw  slag.  The  operation,  called  the  last  breaking  up  of  the  lump, 
consists,  first,  in  the  rendering  of  the  entire  mass  (the  contents  of  the  hearth)  semi- 
fluid, by  increased  heat ;  and,  secondly,  in  the  separation  of  the  slag  from  the  metal. 
This  end  having  been  attained,  the  lump,  or  ball,  or  bloom,  is  removed  from  the  fire, 
in  the  red-hot  state,  and  brought  under  the  lift-hammer,  a  (Fig.  9),  which  is  set 
in  motion  by  means  of  a  lifter  and  beam.  By  the  blows  of  the  hammer  all  the 
particles  of  slag  are  squeezed  out  from  the  metal ;  afterwards  the  lump  is  cut  into 
smaller  pieces,  which  are  forged  into  bars ;  100  parts  of  crude  cast-iron  yield  on  an 
average  70  to  75  parts  of  malleable  iron. 

Bwedidi  B«flniiiff  Proeeat.  The  Swedish  process  of  iron-refimng  (also  called  Walloon-forging 
differs  from  the  German  prooesa,  inasmuch  as  only  small  quantities  of  crude  metal  are 
opiated  upon  at  a  time,  while  no  slag  is  added,  the  decarbonisation  being  effected  by  the 
action  of  the  oxygen  of  the  air.  ThiB  process  requires  a  great  deal  of  fuel  (in  Sweden 
almost  exolnsiyely  oharooaTl,  while  at  the  same  time  a  not  inconsiderable  quantity  of  the 
iron  is  oxidised.  The  malleable  iron  obtained  is,  however,  of  far  better  quality,  being 
denser  and  tougher,  owing  to  greater  purity  and  freedom  from  slag*. 

TiMPDddiinc  ProeaM.  The  proccss  designated  by  this  name  is  carried  on  in  a  reverbera- 
tory  furnace.  In  countries  where  charcoal  is  scarce,  and  hence  too  expensive  to  be 
applied  to  the  refimng  of  iron,  coal  is  used,  and,  indeed,  of  later  years,  has  be- 
come more  generally  employed  on  the  Continent  for  this  purpose.  For,  although 
the  iron  thus  obtained  is  of  inferior  quality  to  that  refined  with  charcoal,  to  the  use  of 
coal  alone  must  the  increase  in  the  production  of  iron  to  the  present  enormous 
extent  be  attributed.  Since  coal  contains  sulphur,  direct  contact  with  iron  has  to 
be  avoided,  and  the  operation  is  carried  on  in  a  reverberatory  furnace,  which,  in 

Pnddung  FanuuM.  this  iustauce,  is  termed  a  puddling  furnace,  represented  in  vertical 
section  in  Fig.  10,  and  in  horizontal  section  in  Fig.  11.  f  is  the  fire-place,  a  the 
puddling-hearth,  and  c  the  flue  along  which  the  gases  are  carried  to  the  chinmey. 
The  puddling-hearth,  a,  consists  of  a  square  iron  box,  to  which  air  has  free  access 
from  the  fire-place.  A  layer  of  refining  (puddling)  slag,  to  which  some  forge-scales 
have  been  added,  is  first  placed  on  the  hearth,  and  heated  until  it  begins  to  soften  at 
the  surface.  This  point  reached,  the  crude  metal  (by  preference  white  cast-iron)  is 
placed  on  the  hearth  in  quantities  of  from  300  to  350  lbs.  at  a  time  and  heated. 
"When  softened,  the  iron  is  spread  evenly  over  the  surface  of  the  hearth  by  means  of 
a  rake  or  stirrer,  and  continually  stirred  about  (puddled),  the  heat  being  greatly 
iacreased.  d  and  e  represent  openings  giving  access  to  the  hearth  for  the  tools, 
capable  of  being  readily  closed. 

The  soft  pasty  mass  of  metal  exhibits  on  its  surface  blue  flames  of  burning  carbonic 
oxide,  the  metal  becoming  at  the  same  time  thicker  and  thicker ;  the  slag  which  is 
formed  runs  ofif  at  b,  and  is  tapped  at  intervals  at  o.  When  the  iron  has  been 
sufficiently  puddled,  it  is  scraped  together  and  formed  into  lumps  or  balls,  which  are 
submitted  to  the  action  either  of  heavy  hammers  or  squeezers,  to  free  the  metal  frt>m 
slag.  Grey  caat-iron,  when  used  for  puddling,  is  first  converted  into  white  cast- 
iron  by  smelting  in  a  reverberatory  furnace,  known  as  the  refining  process. 
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The  tbeoi;  of  the  paddling  prooeBs  ig  the  foUoirmg:— The  onrtent  of  sir  which  oomea 
into  contact  with  the  molteD  iron  caneeB  the  formation  of  a  not  inconsiderable  quantity  of 
protoperoiide  of  iron,  the  oiTgen  of  which  elimiuatea  the  carbon  contained  in  the  pig-iron 
in  tiie  shape  of  carbonic  oiide,  which  bnma  oS  with  a  blmsh  flame  The  progresB  of  the 
deoarboniution  renders  the  mase  more  and  more  pasty  ;  while,  in  the  interior,  pieces  of 
malleable  iron  are  eradaally  formed,  which,  being  gathered  together  by  meoQB  of  the  robe, 
become  looeely  wdded,  and  the  iron  not  fnlly  decarboniEed  rmiB  together,  and  being  well 
stirred  np  soon  nndergoea  the  aamo  change.    Although  this  raumf  of  the  paddling  piooeH 
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ii  theoretically  correct,  in  practice  the, procees  19  not  no  aimple,  becaane— i.  It  is  scarcely 
possible  to  mix  oil  the  caibon-containing  iron  intimately  with  the  protoperoiide.  and,  as  a 
ooneeqnence,  some  of  that  oxide  remains  mixed  with  the  iron,  wluch  ia  thereby  rendered 
incapable  of  being  welded  (the  iron  loses  cohesion  and  becomes  of  a  gritty  natnre) :  this  snb- 
itance  has  to  be,  therefore,  removed  hy  the  addition  of  coarse  slag,  which  is  thus  oomerted 
into  refined  slag.  The  oxidation  of  the  iron  causes  a  loss  of  some  4  to  5  per  cent,  while  the 
loss  from  the  oombnstion  of  the  carbon  omonnts  to  a  farther  3  per  cent.     2.  The  crnde 
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iron  alwsyi  contains  more  or  less  blast-tamace  slag  and  adhering  Band  and  dirt  containing 
■ilieo.  During  the  puddling  prooesi  any  free  sihoa  present  combines  with  the  blast- 
tnmaMi  alog,  and  when  this  slag,  rich  in  silica,  comes  at  the  end  of  the  process  into 
eoatact  with  protoxide  of  iron  wIuIb  carbon  is  deficient,  a  portion  of  the  nlioa  (or  silioio 
add)  combines  with  the  oxide,  forming  a  slag  which  adhoiei  to  the  sides  and  bottom  of  the 
houih,  while  a  bamo,  not  easily  fusible  slag  remains  mixed  np  with  the  metal.  In  the 
g  prooesa  the  great  drawback  is  that  the  complete  removal  of  the  slag  from  the 
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HuiLng  witti  aim.  loateHj  of  empto^iiig  cool  OT  coke  08  fuel,  the  reTerberator?  fomaces 
tie  ofleD  heated  with  comhuHtibla  gaseg  escaping  fram  the  blast -fnrnaoei  or  with  gas  made 
for  the  poipoae  in  a  generator — an  arrangement  nut  unlike  a  coka-oven.  in  which  snoh 
refuse  fnel  as  cannot  be  uthenriBe  atUised,  viz.,  waeta  of  timber-jards,  reFuBe  obaioool, 
peat,  and  small  coal,  ia  anbmitted  to  iry  distillation.  The  generator  is  oonneoted  to  the 
reTarberatory  tnmace  in  such  a  manner  that  tbo  gases  BToIved  in  the  former  readi  the 
latter  ver?  highly  heated.  For  some  years  Siemena's  regenerator- fnmace  has  bean  applied 
to  this  puipoBe,  and  lomid  to  surpass  all  other  arrangements  of  the  kind.  When  crude 
pig-iroQ  contains  mnch  phosphorus,  that  element 
may  be  eliminated  during  the  pnddliug  process  by 
adding  to  the  metal  a  miitm«  of  manganese, 
common  salt,  and  clay,  redneed  to  powder.  Snlphnr, 
when  present,  may  be  barnt  off  by  adding  litharge  ; 
steam  has  also  been  nsed  successfully  tor  this  latter 
pnrpose. 

Kh^'i^^^:  Tlie  metal  obtained  by  tike 
puddling;  process  is  submitted  to  heavy  hEunmo'' 
iiig  or  to  squeezers  in  order  to  remove  as  mneb 
mechanically  adhering  slag  na  poBidble ;  after 
this  it  is  ready  for  the  operations  carried  ont 
BaUijii will,  in  the  rolling  mill  |Fig.  I2|  which 
consists  in  the  main  of  the  following  parts : — b  b' 
and  A  a'  are  grooved  rollers  made  of  chilled  cast- 
iron;  A  a'  are  destined  for  shaping  flat  bars,  and 
B  B .  for  the  shapiDg  of  square  bars  ;  by  means  of 
the  nnta,  o  o.  the  position  of  the  rollers  towards 
each  other  can  be  regulated ;  the  tubes,  i  i.  carry 
iq  wat«r  for  keeping  cool  portions  of  the  machinery, 
S  The  contrivance  m  n  serves  to  connect  or  dis- 
-  connect  the  rollers  from  the  steam  engine  or 
n-at«r-wheel  from  which  is  obtained  the  motive 
power ;  t)ie  cog-wheels  r  and  e  impart  motion  to 
the  cog-wheels  f'  and  c'  connected  with  the  upper 
rollers  a'  and  b',  which  are  thns  made  U3  move  in 
the  opposite  direction  to  the  under  roOers.  The 
metal  to  be  rolled  is  first  roughly  shaped  by 
means  of  heavy  hammers  (steam  hammers  are 
now  often  used),  and  then  passed  gradually 
through  the  variously  siied  grooves  of  the  roDers. 
Fig.  13  exhibits  rollers  of  a  peculiar  construction, 
viz.,  steel  rings  or  discs  wedged  to  iron  shafting 
BO  as  to  form  alternately  large  and  small  grooves 
for  the  manufacture  of  thin  bars  of  iron,  such  as 
nail-rods,  &c. 

A  variety  of  rolled  iron  objects  are  made ; 
among  these,  square  and  flat  bars,  round  bars, 
T-pieces,  angle-iron,  hoop-iron,  and  nail-rods; 
railroad  rails  constitute  an  important  item. 
BoUtrPbM  Biiuiii(.  The  rolling  of  boiler-  and  armour-plate  is  an  isolated  branch,  ginoe  it 
requires  a  metal  of  good  qnaUty,  combining  scftnesB  with  tougbneaa,  and  capable  of  being 
worked  far  below  red  heat  without  becoming  too  brittle  or  requiring  annealing  too  often ; 
for  boiler-  and  armour-p^tes  the  metal  is  formed  into  slabs  of  proper  siie,  which,  while 
nearly  white-hot,  are  forced  through  the  rollers.  After  eaoh  suoceeding  passage  of  the 
■lab,  the  rollers  are  eat  tighter,  the  oxide  (forge  scale)  which  is  formed  on  the  surface  of 


IKON. 


coarsel;-niade  heather  LmBheB.    Thin  slieel- 
,0  amoll  BlabB,  which  ora  at  flret  hot,  bnt  ftt  a  later 
'  i,  the  metal 


the  metal  U  removed  by  brashiog  vitb  v 

iron  IB  roUed  oat  from  plate-iroD  ont  ii  ' 

EUge  of  the  operatioD  the  ToDlog  is  j 

hftving    been    pieTiouBl;    annealed   in    pruporly    censtmcted 

fomaceB.     Dnder  the  headings  of  Zinc  and  I4ii  the  galTanieing 

and  the  tinning  of  iron  are  treated   of;   corragated    '~~ 

made  b;  peoQiiiu'ly  ahapccl  and  grooved  rollera. 

imn  Win  Thediawing  of  iionlnto  wirereqiiireii  portiotilarty  , 
■uEifutiin.  tongh  and  fibrooB  metal.  Id  former  dajB  iron  f 
wire  vasmade  by  drawing  thin  circnlar  bars,  by  the  aid  of  tongs,  ' 
through  holes  made  in  steel  plates ;  in  the  present  day  ir 
wire,  if  stent,  it  made  with  rollers,  while  the  thinner  wire 
made  with  machinery  to  be  presently  described.  The  rolliDg- 
mili  for  the  drawing  of  iron  wire  np  to  a  diameter  of  about  )  of 
an  inch  consiBtBof  three  rollere  provided  with  grooves  which  correBpond  to  and  catch  a  bar 
of  iron  when  placed  between,  the  bar  being  thns  squeezed  in  the  groovoB;  these  rollers 
make  140  revolntions  a  minnte,  and  sinoe  the  diameter  is  S  inches  their  circnmfereittial 
velocity  is  =8-37  feet,  or  in  other  words  8  feet  ^i  inohee  0!  wire  pasB  through  the  rollers 
ID  a  second  of  time ;  thinner  wire  ie  obtained  by  ilrawiiig,  with  the  aid  of  machinery,  the 
ctooter  kinds  of  wire  throngb  boles  made  in  hard  and  unchangeable  materials,  the  Bize 
of  these  holee  gradually  decreasing.  For  this  purpose  the  previouely  annealed  wire,  from 
i  to  ^',th  of  an  inch  diameter,  is  wound  on  the  reel,  a  (Fig.  14) ;  the  end  of  the  wire  shaped 
•omewhat  to  a  point  is  put  through  the  hole  made  in  the  draw-plate,  b;  this  hole  being  of  a 
■lightly  less  diamster  than  that  of  the  wire,  which  is  next  fastened  to  the  hook,  c  (Pig.  15), 
of  the  conically- shaped  dram,  c,  which  acqaires  a  rotatory  motion  from  the  main  shaft,  o 
(Pig.  14)  ,by  means  of  oonioally- shaped  cog-wheels,  an  arrangement  being  provided  to  connect 
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t  the  apparatus   from  l__  ..._-   —„—, , 

wire-drawing  mschinery  without  stopping  the  steam  engine.  The  shape  of  the  holes  in 
the  draw-plate  ia  of  the  highest  impoiianoe  for  the  success  of  the  operation,  and  to  obtain 
perteotly  ronnd  wire  the  holes  onght  to  be  quite  true  ;  if,  however,  the  holes  were  mad» 
perfect  cylinders  through  the  entire  thickness  of  the  draw-plates  the  result  would  be  that 
the  wire,  instead  of  suddenly  djniipi'liing  in  size,  would  break  ;  on  that  account  the  holes 
•re  bored  funnel- abaped.  The  draw-plate  is  made  of  steel,  but  for  very  thin  wire  hard  gema 
properly  fastened  and  pierced  are  employed.  Iron  wire  has  to  be  repeatedly  annealed 
dnnng  the  process,  and  dnoe  by  this  annealing  operation,  unless  carried  on  nith  oomplete 
nclasioD  of  air,  a  layer  of  oiide  of  iron  is  formed,  the  wire  reqnireg  treatment  in  what  is 
tecbnically  termed  a  sooui  bath,  oomposed  of  dilute  sulpharic  acid  and  a  certain  amount 
of  (ulphate  of  oopper :  the  thin  layer  of  copper  deposited  on  the  wire  during  the  immerBion 
in  this  bath  leuenB  the  friction  on  the  wire  in  passing  through  the  holes.  The  thiimest 
inm  wire  met  with  in  the  trade  has  a  diameter  of  only  ^iith  of  an  inch,  and  is  known  as 
piano  wire.  Iron  wire  is  rendered  soft  fay  being  heated  to  redness,  and  is  proteoted  from 
rutting  by  immeraioD  in  a  bath  of  molten  zinc,  so-called  galvanising.  The  osea  to  whioh 
iten  win  ia  appUed  an  to  varied  that  it  is  icarcely  possible  to  enumerate  tbem;  this  is 
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the  less  necessary  as  in  no  country  in  the  world  is  iron  wire  so  largely  used  as  in  the 
United  kingdom,  especially  instead  of  hemp  for  rope-making. 

Propj^o*  Malleable-  or  bar-iron  is  made  up  of  an  aggregation  of  fibres  which, 

according  to  the  researches  of  Dr.  Fuchs,  are  composed  of  a  series  of  very  small 

crystals.    Heavy  blows,  continuous  vibration,  and  sudden  cooling  of  the  metal  while 

red-hot,  all  cause  the  particles  to  lose  cohesion  and  alter  the  texture  from  fibrous  to 

granular:  a  well  known  consequence  of  this  change  of  structure,  which  is  also 

suddenly  induced  by  great  cold,  is  the  loss  of  tenacity  in  the  iron,  often  attended  with 

breakage,  as  happens  frequently  enough  to  railway  wheel-tyres,  axles,  &c.  The  colour 

of  malleable  iron  is  bright  grey,  the  fracture  granular  or  jagged ;  its  specific  gravity 

varies  from  76  to  79  (that  of  chemically  pure  iron  being  7844) ;  from  024  to  084  per 

cent  of  carbon  is  present  in  the  iron,  the  greater  part  in  a  state  of  chemical  combination, 

in  fact  there  is  only  a  trace  of  graphite. 

The  chemical  constitution  of  malleable  iron  is  shown  in  the  following  analytical 
results : — Sample  I.  being  English  iron  from  South  Wales  ;  II.,  soft  iron  from  Magdesprung 
on  the  Harz  (Pmssia) ;  III.,  Dannemora  iron  from  Sweden. 

I.  n.  m. 

Iron 98*904  98*963  98775 

Carbon      0*411  0*400  0*843 

Siliciom 0*084  0*014  0'ii8 

Manganese      ..     ..     0*043  0*303  0*054 

Copper      nil  0*320  0*068 

Phosphorus      . .      . .     0*041  nil  nil 

Malleable  iron  of  good  quality  does  not  become  brittle  when  placed  red-hot  into  cold  water ; 
it  ought  not  to  lose  its  malleability  when  thus  treated :  it  is  far  softer  than  white  and 
bright  grey  cast-iron,  and  is  therefore  easily  filed,  out  with  the  cold  chisel,  planed,  and 
shaped  in  various  ways  even  cold ;  it  melts  with  far  more  difficulty — requiring  a  much  higher 
temperature — than  cast-iron ;  but  malleable-iron  is  possessed  of  the  valuable  property  of 
becoming,  at  a  bright  red  heat  (orange  heat),  so  soft  as  to  admit  of  two  pieces  being  firmly 
welded  together.  The  malleable-iron  of  commerce  is  often  more  or  less  mixed  with  foreign 
substances  which  in  some  oases  impair  its  quality ;  if  sulphur,  arsenic,  or  copper  is  present, 
the  iron  is  thereby  rendered  red-short  (breaks  when  hammered  in  the  red-hot  state) ; 
silicium  renders  iron  hard  and  brittle ;  phosphorus  makes  it  cold-short,  i.e.,  rather  readily 
breakable  when  cold,  although  not  so  when  red-hot ;  calcium  has  the  effect  of  greatly 
impairing,  if  not  altogether  destroying,  the  welding  capability  of  the  metal.  As  regards 
the  choice  of  the  different  qualities  of  malleable  iron  for  various  uses,  it  is  not  in  the  scope 
of  this  work  to  enter  into  detail,  the  question  being  one  of  applied  mechanics  and 
engineering  rather  than  of  chemistry.  Swedish  bar-iron  is  for  certain  purposes  in  high 
repute,  owing  to  the  purity  and  strength  of  this  kind  of  iron. 

y.  Steel. 

stML  This  substance  differs  from  crude  pig-iron  and  from  bar-iron  in  the  amount  of 
carbon  it  contains;  fr^m  crude  iron,  moreover,  by  being  capable  of  welding;  and  again 
from  bar-iron  by  being  comparatively  readily  fusible :  in  reference  to  the  amount  of 
carbon  present,  steel  holds  a  position  between  crude  pig-iron  and  bar-iron.  Recent 
researches  have  revealed  the  fact  that  steel  contains  nitrogen ;  but  whether  this 
element  really  contributes  to  the  peculiar  properties  of  steel  obtained  from  different 
sources  is  not  a  definitely  settled  point.  Steel  is  obtained  of  vaiious  qualities  by  a 
number  of  processes,  as  will  be  seen  in  the  following  brief  reference : — 
a.  Directly  from  iron  ores : — 

1.  By  the  reduction  of  iron  ores  directly  with  the  aid  of  fuel  (chiefly  charcoal),  and  a 
blast  on  the  hearth,  the  steel  being  obtained  in  the  form  of  lumps  (so-called 
natural  steely. 

2.  By  the  heatmg  of  certain  iron  ores  along  with  coal,  but  without  fusion  (cementation 
steel  from  ores). 

3.  By  the  fusion  of  the  iron  ores  along  with  charcoal  in  crucibles  (cast-steel  from  ores)* 
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b.  By  the  partial  deoarbomsation  of  pig-iron  (rough  steel,  famaoe-steel,  or  G^man-steel) : — 

4.  By  the  refining  (partial  decarbonisation)  of  pig-iron  by  means  of  charcoal  fnel  on 
the  hearth  (shear-steel). 

By  treating  pig-iron  in  reverberatory  fomaoes  fed  by  coal  or  blast-fomaoe  gases 
as  fnel  (pnddled-steel). 

6.  By  forcing  air  through  molten  cast-iron  (Bessemer-steel). 

7.  By  heating  cast-iron  to  redness  along  with  substances  which  will  effect  decarboni- 
sation below  the  fusion-point  of  the  metal ;  if  the  substances  employed  for  partial 
decarbonisation  are  iron  ores,  the  steel  is  called  iron  ore  steel. 

8.  By  mdting  crude  cast-iron  with  such  substances  as  those  just  mentioned. 

9.  By  treating  crude  cast-iron  with  sodium  nitrate  (Heaton-steel,  Hargreave-steel). 

c.  By  imparting  carbon  to  bar  or  malleable-iron : — 

10.  By  ignition  with  carbonaceous  matter,  but  without  fusion  (cementation-steel.) 

11.  By  fusion  with  charcoal  (cast-steel). 

d.  By  combination  of  methods  b  and  e,  as  in  fluxed  steel : — 
II.  By  melting  crude  pig-iron  and  malleable-iron  together. 

In  India  a  kind  of  steel  is  still  made  directiy  from  iron  ores,  and  known  as  wootz  (as  to 
the  composition  of  this  substance,  see  the  "  Chemical  News,"  vol.  zzii.,  p.  46) ;  it  is  possessed 
of  excellent  qualities.  The  Japanese  also  understand  the  art  of  making  steel  of  most 
excellent  quidity  by  rather  rough  and  primitive  means.  According  to  the  modes  of 
manufacture,  we  distinguish  the  following  kinds  of  steel : — 

Booch  staeL      Thifi  material,  obtained  by  the  partial  decarbonisation  of  crude  pig-iron, 
may  be  either : 

1.  Rough  steel  made  on  a  hearth  (natural  steel),  chiefly  obtained  from  the  pure 
spathic  iron  ore,  from  which  in  Styria,  Carinthia,  Tyrol,  and  various  other  parts, 
porous  white  pig-iron,  or  white  pig-iron,  with  granular  structure,  is  first  obtained  by 
means  of  charcoal  and  coke  as  fuel ;  the  ordinary  grey  cast-iron  can  also  be  used,  but 
the  resulting  steel  is  not  of  such  good  quality.  The  general  arrangement  of  the 
hearths  on  which  rough  steel  is  made  is  the  same  as  for  the  operation  of  iron  refining ; 
the  only  difference  is  in  the  mode  of  placing  the  metal  in  reference  to  the  blast,  the 
operation  being  so  conducted  as  to  cause  only  the  gradual  combustion  of  the  carbon : 
the  workmen  take  care  to  control  the  blast  and  place  the  metal  in  a  manner  which 
enables  them  to  stop  the  further  action  of  the  air  the  moment  the  proper  amount  of 
decarbonisation  has  been  efiected. 

2.  Steel  obtained  in  a  reverberatory  furnace,  or  puddled  steel;  obtained  from  various 
kinds  of  cast-iron  by  a  process  akin  to  the  puddling  of  crude  cast-iron,  the  burning  off 
of  the  carbon  not  being  carried  so  far.  This  mode  of  manufacturing  steel  is  exten- 
sively employed,  and  yields  a  material  well  suited  for  the  making  of  various  kinds  of 
machinery,  railway  carriage-wheel  tyres,  and  is  also  largely  used  in  the  manufacture 
of  cast-steeL 

Styrian  and  Carinthian  oast-steel  (charcoal  iron-steel)  is  far  more  expensive  than 
pudmed  steel,  but  the  former  is  indispensable— at  least  on  the  Continent — ^for  the  manu- 
facture of  all  kinds  of  cutting-tools. 

3.  Bessemer-steel.  Mr.  Henry  Bessemer,  in  1855,  first  applied  a  process  of  making 
steel  directly  from  cast-iron ;  the  process  consists  in  forcing  large  quantities  of  air 
through  molten  crude  iron ;  the  consequence  is  that  the  conversion  of  the  iron  into  steel  is 
effected  in  a  comparatively  brief  space  of  time ;  moreover,  the  resulting  steel  remains 
fluid ;  the  difference  of  the  action  of  the  air  as  an  oxidising  or  decarbonising  agent  in 
this  instance,  as  compared  with  the  process  of  steel-making,  mentioned  under  No.  i 
and  2,  is  that  in  the  case  of  the  Bessemer  method,  the  air  thoroughly  penetrates  and 
comes  into  contaot  with  every  particle  of  iron ;  whereas,  in  the  other  instances,  the 
action  of  the  air  is  only  at  the  sur£EU3e ;  and  since  the  steel  obtained  by  methods 
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I  and  2  is  less  fusible  than  the  crude  iron  used,  a  second  refining  or  smelting  becomes 

necessary  to  render  the  steel  uniform  and  homogeneous. 

The  Bessemer  process  is  executed  either  in  diminutive  shaft-ovens  or  in  egg-shaped 
vessels  made  of  boiler-plate  converters,  and  lined  with  fi^re-clay ;  projecting  for  some  inches 
through  the  inside  of  the  bottom,  five  fth  inch  wide  fire-clay  tubes  are  carried,  through 
which  powerfully  compressed  air  can  be  forced.  The  apparatus  is  placed  in  close 
proximity  to  a  blast-furnace,  so  as  to  admit  of  running  the  molten  iron,  purposely  kept  at 
a  very  high  degree  of  heat,  readily  into  the  oven  or  other  vessel,  while  at  the  bottom  of  the 
converter  there  is  an  aperture  closed  with  a  fire-clay  plug,  through  which  the  molten  steel 
can  be  discharged.  As  soon  as  the  blast  is  turned  on  and  the  vessels  half  filled  with 
molten  iron,  a  very  violent  action  ensues,  the  metal  apparently  begins  to  boil,  flames  and 
myriads  of  sparks  burst  forth  from  the  converter  (this  phenomenon  appears  to  be  due  to 
the  fact  that  particles  of  partly-decarbonised  iron  and  a  mixture  of  iron  and  oxide  are 
driven  against  each  other).  According  to  the  duration  of  the  action  of  the  blast  (lo  to  25 
minutes),  steel  or  bar-iron  may  be  made,  and  of  late,  even  in  making  steel,  the  action  is 
carried  to  the  highest  possible  pitch,  and  to  the  resulting  metal  a  portion  of  molten  white 
pig-iron  is  added.  Bessemer  steel  is  largely  used  for  a  variety  of  purposes ;  but  it  is  not 
suitable  for  the  manufacture  of  such  cutting-tools  and  instruments  as  require  a  keen  and 
durable  edge ;  on  the  other  hand,  Bessemer  metal  is  an  excellent  material  for  the  manu- 
facture of  boiler  and  armour-plates,  ordnance,  railroad-rails, -and  a  great  variety  of  heavy 
machinery.  As  might  be  expected,  this  method  of  steel-making  has  rapidly  spread  from 
England  to  all  parts  of  Europe  and  to  America ;  and  as  a  proof  of  the  handsome  profit 
earned  by  the  inventor,  whose  royalty  amoimts  to  is.  per  cwt.,  we  may  state  that  the  total 
quantity  of  Bessemer  steel  produced  in  Europe  in  the  year  i86g  amounted  to  5*5  millions 
of  cwts.,  70  per  cent  thereof  being  produced  in  Great  Britain. 

4.  Uchatius  and  Msu-tin  steel  are  also  directly  prepared  from  crude  cast-iron,  by  mix- 
ing granulated  crude  pig-iron,  made  from  native  magnetic  iron  ore,  along  with  pul- 
verised spatliic  iron  ore  and  fusing  this  mixture  in  plumbago  crucibles.  M.  Martin 
replaced  the  use  of  the  crucibles  in  this  process  by  that  of  the  somewhat  hollow  floor 
of  a  reverberatory  furnace  heated  by  means  of  a  Siemens  s  regenerative  gas-furnace. 
A  quantity  of  crude  pig-iron  is  melted  under  a  layer  of  slag,  and  from  time  to  time 
bar-iron  is  added  until  a  sample  taken  out  is  found  to  possess  the  texture  and  good 
qualities  of  maUeable-iron.  When  this  stage  has  been  reached,  a  certain  amount  of 
crude  cast-iron  is  added,  whereby  the  entire  quantity  of  metal  is  converted  into  a  kind 
of  cast-steel,  chiefly  suited  to  the  making  of  railroad-rails,  wheel-tjrres,  and  especially 
gun-barrels  and  ordnance.  Tunner's  steel,  which  dates  from  1855,  also  known  as 
malleable  cast-iron,  is  obtained  by  igniting  white  pig-iron  to  bright  redness  with 
substances  which  give  off  oxygen  (oxides  of  iron  and  zinc  and  peroxides  of  man- 
ganese) when  thus  treated. 

5,  Heaton  steel.  Prepared  by  a  process  devised  by  Mr.  Heaton,  in  which  crude- 
iron  is  heated  with  nitrate  of  soda  (Chili-saltpetre).  By  this  method  not  only 
the  carbon  is  eliminated,  but  the  sulphur  and  phosphorus  being  oxidised  and  con- 
verted into  phosphates  and  sulphates,  find  their  way  into  the  slag.  The  principle  of 
this  method  is  the  same  as  in  Mr.  Hargreaves's  plan,  and  again  identical  with  a  pro- 
posed new  method  of  Bessemer  steel-maJdng. 

■^bSTto^SiifflS!^  II-  The  second  kind  of  steel  is  that  known  as  cementation- 
steel — a  metal  prepared  by  the  ignition  of  bar-iron  in  contact  with  carbonaceous 
matter,  preferably  containing  nitrogen.  The  bar-iron  to  be  employed  for  this 
purpose  should  be  of  the  very  best  quality,  and  since  in  Great  Britain  and  France, 
the  best  iron  produced  is  not  good  enough,  both  these  countries  draw  largely  upon 
Sweden  for  a  supply  of  Dannemora  iron,  made  from  magnetic  and  red  hsematite-iron 
ores  mixed.  The  Russian  iron  from  the  Ural  is  of  the  same  good  quality,  but  the 
transport  is  at  present  far  too  costly.  It  is  almost  superfluous  to  mention  that  the 
chief  seat  of  the  steel  manufacture  in  England  is  Sheffield. 
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The  process  of  making  cementation-steel  is  simple  enoagh.  The  bars  of  iron  are  placed 
in  fire-clay  boxes,  in  layers  alternating  with  the  carbonaceous  matter  (cementation- 
powder).  Two  of  such  boxes  are  placed  in  a  furnace  which  is  heated  with  coal,  and  the 
boxes  are  kept  at  a  red  heat  for  some  six  or  seven  days,  and  after  cooling,  the  bars,  con- 
verted into  steel,  are  taken  out.  Each  furnace  contains  from  300  to  350  cwts.  of  iron.  In 
the  cementation-powder  such  substances  as  will  form  cyanide  of  potassium,  or  ready- 
formed  cyanides,  ought  to  be  present.  It  appears  from  recent  researches  that  cyanogen 
(CN)  is  to  be  viewed  as  the  carrier  of  the  carbon  to  the  metal.  The  crude  steel  (blistered- 
Bteel)  obtained  by  this  operation  is  not,  as  such,  fit  for  use,  but  has  to  imdergo  a  process 
of  purifying. 
Befln«dst«eL  ^ot  ouly  Cementation -steel, but  also  that  obtained  by  the  other  methods,  is 
8hear4t«eL  iqq  coarse  and  not  sufficiently  homogeneous  for  immediate  use,  and  therefore 
a  process  of  refining  has  to  be  resorted  to.  This  process  consists,  firstly,  in  the  hammering 
out  of  of  the  steel  bars,  previously  made  red-hot,  into  thin  rods,  which  are,  while 
red-hot,  quenched  with  cold  water.  Next  a  number  of  these  are  placed  together  in  the 
form  of  a  bundle,  which  is  again  made  red-hot,  well  hammered,  and  afterwards  rolled  into 
bars.  The  method  of  refining  here  alluded  to  is  more  suited  to  the  quaUty  of  steel 
obtained  from  crude  pig-iron  than  to  cementation-steel.  Steel  thus  refined,  on  account  of 
being  used  for  making  large  pairs  of  scissors  or  shears,  bears  the  name  of  shear-steel. 

out-st«eL  Cast-steel,  in  modern  industry,  has  assumed  a  most  enormous  importance, 
as  evidenced  by  such  gigantic  works  as  those  of  M.  Krupp,  at  Essen  (Prussia).  The 
existence  of  these  works  notwithstanding,  Sheffield  takes  the  foremost  rank  in  the 
manufacture  of  cast-steel.  The  following  is  the  plan  pursued : — The  bars  of  blistered- 
steel,  cut  to  a  convenient  size,  are  introduced  into  crucibles  made  of  Stourbridge  clay, 
which  are  heated  in  furnaces  similar  to  glass-melting  ovens,  fed  with  coke  or  coal  as 
fiiel ;  the  molten  metal  is  cast  into  bar-shaped  moulds,  and  the  bars  are,  after  cooling, 
again  heated  to  redness  and  hammered  or  rolled  out  in  a  mill.  As  to  the  uses  to 
which  cast-steel  is  applied,  suffice  it  to  say  that  heavy  ordnance,  as  well  as  large 
beUs,  excellent  cutting-tools  and  files,  best  cutlery,  and  many  surgical  instruments, 
number  among  them.    Cast-steel  is  homogeneous,  and  therefore  strong  and  durable. 

**^SdCrt£°£.?w^^  in.  A  third  kind  of  steel  (var3ring  according  to  the  mode  and 
materials  of  production)  is  that  called  Glicenti-steel,  obtained  by  melting  together  a 
peculiar  white  pig-iron  (spiegel-iron),  and  bai*  or  malleable-iron.  The  toughness, 
hardness,  and  malleability  of  this  metal  depend  upon  the  quantity  of  bar-iron  which 
has  been  added  to  the  mixture. 

sorteoe 8teeiH«rd«nixi«.  It  firequently  happens  that  for  certain  purposes  soft  iron  only 
requires  to  be  converted  into  steel  superficially,  an  operation  termed  surface-harden- 
ing or  surface-steel  hardening,  which  is  done  by  placing  the  metal,  previously  polished 
with  emery,  in  a  suitable  vessel  covered  in  cementation-powder  (see  above) ;  the  vessel 
and  contents  being  next  heated  to  redness,  malleable  iron  tools,  spanners,  for  instance, 
keys,  and  small  objects,  may  be  readily  surface-hardened  by  being,  while  red-hot, 
dusted  over  with  powdered  ferrocyanide  of  potassium,  yellow  prussiate,  or  with  pul- 
verised borax  and  pipe-clay. 

propertiMof  steeL  The  colour  of  steel  is  bright  greyish- white,  its  texture  is  uniformly 
granular,  the  better  the  quality  the  smaller  the  grain.  Sound  soft  (that  is  not 
hardened)  steel,  never  exhibits  the  coarse  texture  characteristic  of  crude  cast-iron,  nor 
the  fibrous  texture  of  bar-iron.  Hardened-steel  exhibits  a  fracture  very  similar  to 
that  of  the  finest  silver,  so  close  that  the  granular  texture  can  hardly  be  detected  with 
the  naked  eye.  When  red-hot,  steel  is  nearly  as  readily  malleable  as  bar-iron,  and 
may  be  welded,  but  very  careful  management  is  required  to  prevent  its  becoming 
decarbonised.  By  immersing  a  piece  of  steel  in  dilute  hydrochloric  or  nitric  acid,  the 
texture  of  the  metal  becomes  apparent,  and  tliis  test  may  be  applied  to  determine  the 
quality.     The  specific  gravity  of  steel  varies  from   7  62  to  7'8i,  and  decf eases  in 
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hardening  (for  instance,  from  7*92  to  755) ;  the  quantity  of  carbon  contained  in  steel 

varies  from  0*6  to  1*9  per  cent ;  the  toughness,  tenacity,  and  hardness  of  steel,  increase 

with  the  quantity  of  carbon  it  contains,  but  good  steel  never  contains  graphite ;  the 

high  degree  of  elasticity  exhibited  by  good  steel  decreases  with  the  hardness.    When 

red-hot  steel  is  suddenly  quenched  with  cold  water,  the  metal  becomes  far  harder,  but 

also  brittle,  and  will  even  scratch  glass  and  withstand  the  file;   when  brightly 

polished,  if  steel  is  gradually  heated,  it  assumes  pecuHar  shades  of  colour  (annealing 

or  tempering  colour).     This  colouration  is  due  to  the  formation  on  the  surface  of  the 

steel  of  thin  layers  of  oxide,  which  exhibit  colours  like  other  very  thin  surfaces — soap 

bubbles,  for  instance,  or  a  drop  of  oily  or  tarry  matter  extended  over  water.    The 

operation  which  causes  the  formation  upon  steel  of  these  colours  is  called  tempering. 

T«mp«riii(.      In  judging  the  proper  temperature  and  the  corresponding  hardness  these 

tints  serve  admirably.     Since  it  is  often  rather  difficult  to  heat  a  piece  of  steel 

uniformly,  molten  metallic  mixtures  are  employed,  being  chiefly  made  up  of  tin  and 

lead ;  the  bright  hardened  steel  is  kept  in  these  molten  mixtures  until  it  has  assumed 

the  temperature  of  the  bath.    The  following  tabulated  form  exhibits  the  composition 

of  the  metallic  baths,  which  experience  has  proved  to  be  the  best  for  the  tempering  of 

cutlery : — 

Composition  of 
metallic  mixture. 


Melting 
point. 


Temperature. 


Pb. 

7 
8 

8i 
14 


19 


jijajice  18    ...     «..     ...     ... 

xiAzors     ...     ...     ...     ... 

Pen-knives      

Pairs  of  scissors     

Clasp-knives,  joiners*  and  \ 
carpenters'  tools ) 

Swords,  cutlasses,  watch- i     ^ 
springs        j  ^°  ^ 

Stilettos,  boring- tools,  and  \ 
fine  saws     f  5°  ^ 

Ordinary  saws        l.P^^jJ^g 

''  J  linseed-oil 


Sn. 

4 
4 
4 
4 


220** 

228** 

232** 

254" 
265'* 

288** 
292° 
316^ 


Hardly  pale  yellow. 
Pale-yellow  to  straw-3'ellow. 
Straw-yellow. 
Brown. 

Purplish-coloured. 

Bright-blue. 

Deep  blue. 
Blackish  blue. 


Such  tools  as  are  required  to  work  iron  and  other  metals  and  hard  stones  are 
heated  to  bright-yellow ;  razors,  surgical-instruments,  coining-dies,  engravers'-tools, 
and  wire-drawing  plates  follow  next  to  straw-yellow ;  carpenters*-tools  to  purplish- 
red  ;  while  such  tools  and  objects  as  are  required  to  be  elastic  are  heated  to  the  violet 
or  deep-blue  tint;  the  less  steel  is  heated  the  harder  it  remains,  but  also  the  more  brittle. 
Other  substances  than  carbon  (for  instance,  silicon  and  boron)  maybe  capable  of 
imparting  to  iron  properties  similar  to  those  we  are  acquainted  with  in  steel.    Some 

otSSf  JuSig.  other  metals  mixed  with  steel  in  greater  or  lesser  quantity  improve  the 
quality  in  some  respects ;  for  instance,  for  the  last  few  years  steel  has  been  made  in 
Styria,  which,  owing  to  its  containing  tungsten,  is  exceedingly  tough  and  hard. 

^uSti?  T^  steel,  specially  celebrated  for  making  swords,  was  first  made 
at  Damascus.  Its  name.  Damascene,  is  applied  to  the  property  it  possesses  of 
exhibiting  a  peculiar  appearance  when  acted  upon  by  an  acid;  but  this  appears  to  be 
due  rather  to  some  imperfection  of  the  welding  of  the  metal,  since,  after  melting,  the 
same  peculiar  shades  of  colour  do  not  appear.  We  have  already  alluded  to  the  recent 
researches  concerning  the  true  composition  of  this  metal.    One  of  the  largest  collcc- 
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tiona  of  tools,  swords,  gnn-barrels,  and  baxs  of  Uiis  kind  of  steel  to  be  found  in  Europe! 
is  in  the  India  Museum,  Whitehall.  In  order  to  elucidate  the  composition  of  some 
kinds  of  steel,  the  following  analyses  are  appended: — The  samples  are — i.  Refined 
steel,  from  Siegen  (Prussia) ;  2.  Cast-steel,  from  Schmalkalden  (Prussia) ;  3.  Puddled- 
steel ;  4.  Steel  from  Russian  cast-ordnance ;  5.  Cementation-steel,  Elberfeld  (Prussia) ; 
6.  English  cementation-steel;  7.  Krupps  steel  (Essen). 

I.  2.  3.  4.  5.  6.  7. 

Iron 9791    98154    98*602    9875    9901    9912    99351 

Carbon  1^X1       ...       1-69      ''730      1380      102      041)     ^.g 

[Cfii  ^      0010      trace      015      008  j         '         -^-^ 

SiHdum       003  0202  o'oo6  004  —  010  0*032 

Sulphur       trace  0003  —  —  —  —  0001 

Phosphorus —         —  trace  —  —  —  o'ooi 

Manganese —         —  0012  —  —  —  — 

Copper 0*37         —  —  —  —  —  — 

loo'oo  looooo  100*000  loooo    9950    101*09  99917 

Bfttoocnphy  or  simi  ^^  engraving  of  steel  requires  plates  made  of  oast-steel,  which,  in 
KngnYing.  order  to  be  sufficiently  soft  for  the  engraver's  tools,  are  first  superficially 
decarbonised,  and  after  the  engraving  is  made,  again  hardened.  The  engraved  plate  is 
not  employed  direct  for  printing,  but  is  used  as  a  matrix  for  the  preparation  of  plates  to 
be  printed  from ;  this  process  is  carried  out  in  the  following  manner : — ^A  solid  cast-steel 
cylinder,  turned  in  a  lathe,  is  superficially  softened,  and  the  engraved  plate  is  placed 
under  this  cylinder,  so  that  with  great  pressure  and  a  slow  revolution  of  the  cylinder,  the 
plate  moving  also  very  slowly,  a  relief  of  the  engraving  is  produced  on  the  cylinder,  and 
this  being  again  hardened,  is  employed  to  reproduce  the  engraving  on  other  metallic 
plates,  which  may  be  either  copper  or  soft  steel.  Instead  of  engraving  the  design  on 
soft  steel  plates,  etching  is  often  resorted  to,  for  which  purpose  corroding  fluids,  such  as 
nitric  :acid  (aquafortis),  nitrate  of  silver,  sulphate  of  copper  in  solution,  or,  lastly,  a 
solution  of  2  parts  of  iodine,  5  of  iodide  of  potassium,  and  40  of  water,  are  used. 

sutiatiesof  8t«ei      The  annual  production  of  steel  in  Europe  may  be  roughly  estimated  for 

Prodwrtion.      jgyo  at  6,285,000  cwts.  at  50  kllos.  to  the  cwt. 
The  imperial  English  cwt.  is  equal  to  508,023  kilos. ;  of  this  total  the  undermentioned 
countries  produce : — 

United  Kingdom  of  Great  Britain  and  Ireland  2,300,000 

France 1,350,000 

Belgium        125,000 

North  German  Confederation 1,120,000 

Austria 900,000 

Sweden 250,000 

Bussia 150,000 

Italy      75i000 

Spain 15,000 

Total     6,285,000 

Ibon  Preparations. 

QjJjw^JjjJ^  The  substance  called  copperas  and  green  vitriol,  sulphate  of  protoxide 
of  iron,  (FeS04-f  7HaO),  is  met  with  in  the  trade  in  the  form  of  greenisli-coloured 
crystals  possessed  of  an  inky  astringent  taste ;  on  exposure  to  dry  air  the  crystals 
effloresce,  and  are  graduaUy  converted  into  a  yellowish  powder — ^basic  sulphate  of 
peroxide  of  iron.     100  parts  of  the  chemically  pure  crystallised  salt  consist  of : — 

26*10    parts  of    protoxide  of  iron. 

2990         „  sulphuric  acid. 

4400         „         water. 
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pnpanuon  of  Qtten  Since  the  minerab  ordinarily  used  in  the  manufacture  of  alum — 
^'to  Atam^orka.'**'  the  alum  scMsts — generally  contain  iron  pyrites,  (FeS^),  either  as 
such  or  already  partly  converted  into  a  hasic  sulphate  of  the  peroxide  (which,  on 
being  treated  along  with  the  alum  shale,  becomes  by  weathering  and  roasting 
converted  into  protosulphate  and  peroxide  of  iron),  green  vitriol  is  frequently 
a  by-product  of  alum  manufacture,  and  is  obtained  by  evaporating  the  mother-liquor 
containing  iron,  and  leaving  it  to  crystallise.  In  some  localities,  as,  for  instance, 
at  Goslar  (Prussia) ,  on  the  Hartz  mountains,  the  liquor  obtained  by  the  lixiviation  of 
the  iron-containing  minerals  alluded  to  is  first  evaporated  for  the  separation  of  the 
green  vitriol,  then  a  potassa  or  ammonia  salt  added  to  the  remaining  acid  liquid  to 
obtain  alimi. 

^itriorL  B^di!*"       T^®  material  sometimes  rather  largely  found  in  codl  pits,  and 

called    brass   (ii'on  pyrites),  is  collected  and  placed  in  layers  over  a  somewhat 

excavated  surface,  which  has  been  rendered  impervious  to  water  by  puddling  with 

clay,  and  made  to  incline  slightly  in  one  direction  where  water-tight  tanks  stand, 

into  which  scraps  of  old  iron  are  placed  with  tlie  view  of  saturating  any  free  acid ; 

the  pyrites,  placed  on  these  beds  to  a  thickness  varying  from  li  to  3)  or  4  feet,  is 

slowly  oxidised  by  atmospheric  agency,  and  the  falling  rain  carries  into  the  tanks  a 

more  or  less  strong  solution  of  copperas,  which,   when    sufficiently  concentrated, 

is  slowly  evaporated,  some  scrap-iron  being  placed  in  the  evaporating-pans.    In 

ore«n  vitriol  from    couutries    whcrc    irou  pyritcs    abounds,    and  fuel  and  labour  are 

pyziUM  Diatiiiauon.  sufficiently  chcap  to  make  the  distillation  of  sulphur  from  pyrites  a 

profitable  business,  the  residues  are  utilised  in  green  vitriol  making,  a  salt  which 

thus  made  must,  of  necessity,  contain  a  good  deal  of  impurity.     The  brown  sulphuric 

oreen  Vitriol  from    acid  or  chamber  acid,  also  such  waste  sulphuric  acid  liquids  as  are 

and  3aipharic'Aad.  obtained  in  the  oil  and  petroleum  refining,  are  sometimes  used  as 

solvents  for  scrap-iron  for  the  preparation  of  green  vitriol,  which  may  also  be  made 

by  boiling  the  finely  pulverised  puddling  and  iron  refining  slags  with  sulphuric  acid. 

Prom  Spathic  lu  localities  where  Rpathic  iron  (carbonate  of  protoxide  of  iron,  FeCOj) 
Iron  Ore.  occurB  in  a  pure  Rtate,  that  mineral  may  be  usefully  applied  to  the  preparation 
of  green  vitriol  by  treatment  with  salphuric  acid,  and  evaporating  the  solution  thus 
obtained.  The  sulphate  of  iron  (protoxide),  prepared  on  the  large  scale,  is  often  met  with 
crystallised  round  a  small  thin  stick  of  wood,  which  is  hung  up  in  the  solution  to  promote 
crystallisation ;  sometimes,  at  least  abroad,  a  so-called  black  vitriol  is  met  with,  which  is 
simply  green  copperas  superficially  coloured  black  by  means  of  some  astringent  decoction, 
such  as  nut  galls. 

UsM  of  Oreen  vitrioL  This  substancc  is  employed  as  a  disinfectant,  as  a  mordant  in  dyeing 
and  cahco  printing  for  various  black  and  brown  shades,  for  the  preparation  of  ink,  the 
deoxidation  of  indigo — so-called  cold  vat — in  gas  purifying,  in  the  precipitation  of  gold 
from  its  solutions,  in  the  preparation  of  Prussian  blue,  in  the  manufacture  of  fuming 
(Nordhausen)  sulphuric  acid,  and  for  a  host  of  other  purposes. 

Iron  Mininm.  During  the  last  10  or  15  years  a  large  namber  of  substances  under  this 
name  have  been  introduced  as  paints,  especially  for  iron  sea-going  vessels  and  other 
ironwork.  The  late  Dr.  Bleekrodo  analysed  two  samples  of  this  paint,  one  of  which, 
made  and  sold  by  M.  Gartier  in  Belgium,  was  found  to  consist  in  100  parts  of : — 

Moisture 275 

Bed  peroxide  of  iron  68*27 

Clay 27*60 

Lime        0*40 

A  sample  of  Holland's  iron  minium  was  found  to  contain  in  100  parts : — 

Water      6-oo 

Peroxide  of  iron     . .     85*57 
Clay  (burnt)    . .     . ,       8*43 
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In  Dr.  G.  J.  Mnlder'a  work  oiithe"Chomistry  of  Drying  Oils"* — sooond  or  applied  part 

sttcntioa  ii  colled  to  the  fact,  nad  Hnpportod  Ly  results  ol  anolyBea  of  lUffereut  iron 
mimams  obtained  by  the  nathor,  that  eome  of  these  pninta  coDtuin  froc  BalpbnTia  acid, 
trhioh  is  alvays  present  in  oolcothar ;  this  acid  may  vscrciso  on  iujorloua  effect  on  iroD 
paintod  vith  sQch  nmtorialB. 

It  is  hardly  necessary  to  point  oat  that  the  use  of  iron  mininm  at>  paint  is  lees 
eipeneive  than  the  use  ot  red-lead,  in  the  proportion  of  20  to  30  for  ooatine  the  same 
extent  of  snrface. 

^'^'JouiS"'      ^^  yellow-colonred  salt,  generally  known  as  yellow  prussiate  of 
potassa  (ferrocTBiiide  of  potassium,  K^FcCye +31110),  is,  in  a  teclmical  point  of  view, 
a  very  important    Bubatance.     It  cryHtallises    in  large  lemon  coloured  prismatic 
crystals,  which  are  not  aSbcl^d  hj  exposure  t«  air,  arc  not  poisonouB,  and  possess  a 
sweetisii  bitter  tasto.     This  salt  is  soluble  in  4  parts  of  cold  imd  2  of  boiling  water, 
but  ia  insoluble  in  ulcoliol ;  in  100  parts  there  are  : — 
3703  Potastdtun, 
17  04  Carbon, 
ig'89  Nitrogen, 
13-25  Iron, 
1279  Water. 
At  100°  the  water  is  driven  olt    The  salt  is  prepared  on  a  large  Ecalo  by  igniting 
such  carbon  as  contains  nitrogen  to  a  red  heat  with  potasBa-carbonate  in  closed 
Teasels.     Tiie  quantities  of  the  materials  may  be  varied,  the  relative  proportions 
being  given  by  some  makera  as  100  parts  of  potassa- carbonate  to  75  of  tlie  citrogenona 
carbon,  or,  according  to  Runge.  100  parts  of  carbonate  of  potassa,  400  of  calcined 
horn,  and  10  parts  of  iron'&Iings. 

TI)o  fusion  of  these  ingredients  is  carried  on  either  in  closed  iron  veaaela  of  a 
peculiar  shape,  or  in  a  reverberatory  furnace.    The  iron-vessel,  n,  termed  a  mufite 


I  Cyanogen, 


(Fig.  r6)iB  egg-  or  pear- eliaped,  having  a  diameter  of  12  metres,  a  widtli  of  a-8  metre, 
and  varying  from  12  to  15  ceatims.  in  thickness.  Asahowninthc  woodcut,  llie  iron  vessel 
is  placed  in  the  furnace  in  snch  a  manner  as  to  bo  exposed  to  the  action  of  the  flame 
and  hot  gases  on  all  aides,  being  supported  at  the  backbyaprojectionabout27centtms. 
long,  and  resting  at  9  on  the  brickwork,  leaving  space  sufficient  for  the  gases 
'  generated  in  the  interior  to  pass  off  by  a  into  the  chimney -flues  ^  m  ia  an  iron  cover 
which  is  dosed  during  the  operation  of  melting,  g  being  an  opening  in  the  front  wall 
of  the  fiiniace,  tbrongb  which  the  iugrcdients  arc  put  into  tbo  iron  vcsslI.  and  the 

•  Tbeoriginali»inDiitch,and  thework  has  not  boon  iranBlated  into  any  other  laugu.ige. 
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molteu  mass  ti.ken  out.  The  ehallow  pan,  i,  on  tlie  top  of  the  furnace,  is  intended 
for  the  evaporation  of  the  liquor  ohtained  by  treating  the  molten  mass  with  water. 
Tlie  use  of  the  iron  vessel,  however,  is  attended  with  the  serious  drawback  that  tlie 
iron  is  eaten  into  holes  in  a  comparatively  short  space  of  time ;  and,  though  this 
action  is  greatest  on  the  lower  part  of  tlie  vessel,  and  it  may  therefore  be  turned 
bottom  upwards,  and  tlie  holes  stopped  with  lire-clay,  the  vessel  has  soon  to  be 
replaced  by  another.  It  is  on  this  account,  and  also  owing  to  the  fact  that  a  larger 
quantity  of  raw  material  can  be  operated  upon  at  once,  that  instead  of  the  apparatus 
described  above,  there  has  come  into  general  use  a  reverberatory  furnace.  Fig.  17, 
arranged  with  a  shallow  cast-iron  pan,  a,  from  i  to  i'8  metre  in  diameter,  with  a  rim 
about  I  decim.  high ;  b  is  the  fire-place ;  g  the  bridge ;  c  a  flue  leading  to  the  chimney,  e. 
Sometimes  the  hot  air  is  applied  to  the  heating  of  evaporating-pans,  being  carried 
under  them  before  entering  the  chimney.  The  result  of  the  ignition  is  the  formation 
of  a  black  mass,  technically  caUed  the  metal,  yielding  the  liquor  from  which  the  crude 
salt  crystallises.  The  salt  is  purified  by  re-crystallisation,  while  the  black  residue  is 
employed  as  a  manure. 

The  theory  of  the  formation  of  the  ferrocyanide  of  potassium  is  as  follows : — The 
carbonate  and  sulphate  of  potassa,  the  nitrogenous  coal  and  the  iron  reacting  upon 
each  other,  give  rise  to  the  formation  first  of  sulphuret  of  potassium,  which  in  its  turn 
converts  the  iron  into  sulphuret,  while  the  nitrogen  contained  in  the  charcoal  unites, 
under  the  influence  of  potassium,  with  the  cyanogen  of  the  carbon,  which  again  in  its  turn 
combines  with  the  potassium,  giving  rise  to  the  formation  of  cyanide  of  potassium.  When 
the  fused  mass  is  treated  with  water,  cyanide  of  potassium  and  sulphuret  of  iron  decom- 
pose each  other,  the  result  being  the  formation  of  ferrocyanide  and  sulphide  of  potassium, 
the  last-named  salt  remaining  in  the  mother-Uquor.  M.  E.  Meyer  states  (1868)  that  it  is 
more  advantageous  to  employ,  instead  of  the  sulphuret  of  iron,  the  carbonate  of  that 
metal,  for  the  purpose  of  converting  cyanogen  into  ferrocyanogen,  because  the  ferro- 
cyanide of  potassium  crystallises  far  more  completely  and  freely  from  solutions  not  con- 
taining any  sulphuret  of  potassium.  Professor  Dr.  von  Liebig  has  since  proved  that 
the  fused  mass  only  contains  cyanide  of  potassium  and  metallic  iron,  and  not  any  ferro- 
cyanide of  potassium,  which  is  only  formed  by  treating  the  molten  mass  with  water,  or 
more  slowly  by  its  exposure  to  moist  air.  Among  the  materials  frequently  added  to  the 
fusing  mass  are— scraps  of  metal,  the  refuse  of  leather,  dried  blood  and  other  dry  animal 
offal,  because  the  ammonia  evolved  by  their  decomposition  in  the  presence  of  an  alkali 
aids  the  formation  of  cyanide  of  potassium.  According  to  M.  P.  Havrez,  the  crude  suint 
obtained  from  wool  is  an  excellent  material  for  the  preparation  of  ferrocyanide  of  potas- 
simn,  since  100  kilos,  of  the  suint  contain  about  40  kilos,  of  carbonate  of  potassa,  from 
I  to  2  kilos,  of  cyanide  of  potassium,  and  about  50  kilos,  of  combustible  hydrocarbons,  the 
heating  value  of  which  is  at  least  equal  to  that  of  40  kilos,  of  coal. 

It  has  been  tried  to  obtain  the  cyanide  of  potassium  on  a  large  scale,  by  causing  a 
current  of  ammoniacal  gas  to  pass  through  and  over  carbonate  of  potassa  heated  to 
jedness ;  and  also  to  obtain  cyanide  of  potassium  from,  or  by  aid  of,  the  nitrogen  of  the 
atmosphere.  This  process  was  tried  nearly  40  years  ago  at  Mr.  Bramwell's  workB  near 
Newcastle-on-Tyne,  but  was  found  to  be  a  failure  commercially.  The  reader  interested  in 
a  detailed  account  of  this  process  may  find  it  in  the  excellently -written  chapter  on  the 
manufacture  of  the  prussiates,  in  Biohardson  and  Watts's  *'  Chemical  Technology.'* 
As  it  has  been  proved  by  experiment  that  baryta,  far  more  readily  than  potassa,  converts 
earbon  and  nitrogen  into  cyanogen,  forming  cyanide  of  barium  at  a  lower  temperature, 
baryta  might  perhaps  be  substituted  for  potassa,  but  as  yet  this  plan  is  not  carried  out 
commerciaUy.  According  to  G6Us  (1861),  the  yellow  prussiate  may  be  prepared  by  the 
mutual  reaction  of  sulphide  of  carbon  and  sulphide  of  ammonium,  the  resulting  sulpho- 
carbonate  being  converted  into  sulphocyanide  of  potassium  by  means  of  sulphuret  of 
potassium,  by  which  reaction  sulphuret  of  ammonium  and  sulphuretted  hydrogen  are 
volatilised.  The  sulphocyanide  of  potassium  is  next  converted  into  ferrocyanide  of 
potassium  by  being  heated  with  metallic  iron  to  redness,  sulphuret  of  iron  being  at  the 
same  time  formed.  It  is  evident  that  this  process  could  not  be  carried  out  commercially. 
Mr.  H.  Fleck  described,  in  1863,  a  plan  for  preparing  the  ferrocyanide  by  the  action  of  a 
mixture  of  sulphate  of  ammonia,  sulphur,  and  carbon,  upon  fusing  sulphide  of  potassium, 
which  thus  becomes  sulphocyanide  of  potassium,  one-half  of  the  nitrogen  of  the  sulphate 
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of  ammonia  remaining  in  the  fused  metal  as  cyanogen,  while  the  other  half  escapes 
as  sulphide  of  ammonium,  which  is  again  converted  into  sulphate  of  ammonia.  The 
Bulphocyanide  of  potassium  produced  is  treated  with  metallic  iron  at  a  red-heat,  and 
thus  cyanide  of  potassium  and  sulphide  of  iron  are  produced.  This  process  is  also  too 
cumbrous  and  expensive  on  a  large  scale. 
Appucatioiu  of  the  This  salt  is  employed  in  the  manufacture  of  the  red-cyanide  or  prussiate, 
Yeiiow  PnM8i*t«.  in  ^Jjq  preparation  of  Berlin  blue,  and  of  cyanide  of  potassium  (the  impure 
salt  as  met  within  commerce),  in  dyeing  and  calico-printing  for  the  production  of  blue  and 
brown-red  colours,  for  the  purpose  of  surface-hardening  small  iron  articles,  and  lastly  as 
an  ingredient  of  white  gunpowder,  and  for  use  in  chemical  laboratories. 

BMipmniate.      The    80-called    red    prussiate  of  potassa,    properly  ferricyanide  of 

potassium,  or  Gmelin's  salt,  KjFeCy,  is  prepared  on  a  large  scale  and  extensively 

used  in  dyeing  and  calico-printing.    This  salt  crystallises  in  prismaticallj-shaped 

ruby-red-coloured,  anhydrous  crystals,  which  consist  in  loo  parts  of: — 

35*58  Potassium, 

2 1  63  Carbon,     )  ^ 

-^  [  Cyanogen, 

2554  Nitrogen,  > 
1729  Iron. 

It  is  prepared  by  submitting  either  the  solution  of  the  yellow  prussiate  or  that 
salt  in  powder  to  the  action  of  chlorine  gas  until  a  sample,  when  heated,  yields 
no  precipitate  with  a  solution  of  a  per-salt  of  iron.  When  the  dry  and  pulverised 
yellow  prussiate  is  acted  upon  by  chlorine  gas,  the  salt  is  frequently  placed  in  casks, 
closed  so  as  only  to  leave  a  small  outlet,  while  the  vessel  can  be  made,  by  means 
of  machinery,  to  turn  slowly  on  its  axis,  so  as  to  bring  all  the  particles  of  the 
salt  into  contact  with  the  chlorine.  Sometimes,  again,  the  pulverised  yellow  prus- 
siate is  placed  on  trays  in  a  chamber,  into  the  top  of  which  chlorine  gas  is  admitted ; 
when  no  more  chlorine  is  absorbed  the  newly-formed  salt  is,  if  a  solution  of  the 
yellow  pmssiaie  has  been  operated  upon,  evaporated  to  drjrness,  or  in  the  case  where 
the  dry  powder  of  the  salt  has  been  taken,  the  newly-formed  salt  is  dissolved  in  the 
smallest  possible  quantity  of  water,  and  the  solution  left  to  crystallise,  the  mother- 
liquor  containing  chloride  of  potassium.     This  reaction  is  represented  by — 

^FeCy6+Cl=KCl+K3FeCyj 
Yellow  prussiate.  Bed  prussiate. 

The  powdered  red  prussiate  is  of  an  orange -yellow  colour.  According  to 
M.  E.  Reichardt  (1869)  bromine  may  be  successfully  employed  instead  of  chlorine  for 
the  preparation  of  this  salt,  which  is  chiefly  used  for  dyeing  woollen  fabrics  blue, 
and,  with  solutions  of  caustic  soda  or  potassa,  for  the  Mercerising  process  of  cotton. 

cjranid*  of  Potaaainiii.  This  Salt  Is  obtained  in  an  impure  state — Liebig's  or  crude  cyanide 
of  potassium — by  the  fusion  of  the  yellow  prussiate  of  potassa  in  a  porcelain  crucible, 
continued  as  long  as  nitrogen  escapes.  Carburet  of  iron  sinks  to. the  bottom  of  the 
crucible,  while  the  crude  cyanide  is  poured  off  in  a  state  of  fusion ;  10  parts  of  the  yellow 
prussiate  of  potassium  yield  7  parts  of  crude  cyanide,  (K4FeCy6=4KCy-f  FeCa-f  2N). 
According  to  Liebig's  plan,  the  cyanide  of  potassium  is  prepared  by  fusing  i  molecule  of 
ferrocyanide  of  potassium  with  i  molecule  of  carbonate  of  potassa ;  by  this  method  10  parts 
of  the  ferrocyanide,  yielding  8*8  cyanide  of  potassium,  mixed  with  2*2  parts  oyanate  of 
potassa.  For  all  technical  and  industrial  purposes  it  is  far  cheaper  to  use  cyansalt,  a 
mixture  of  the  cyanides  of  potassiimi  and  sodium,  prepared  by  fusing  together  8  parts  of 
prerionsly  dried  (anhydrous)  ferrocyanide  of  potassium  and  2  parts  of  carbonate  of  soda. 
As  this  mixture  fuses  readUy,  the  carburet  of  iron  easily  separates ;  moreover,  the  salt  thus 
obtained  is  less  liable  to  decomposition  on  exposure  to  air,  and  its  preparation  requires 
less  heat.  The  industrial  applications  of  the  crude  cyanide  of  potassium,  or  of  the  cyan- 
salt,  are  the  following : — In  the  process  of  electro-gilding,  for  the  preparation  of  Gr^nat 
ioiuble,  isoporparate  of  potassa,  from  picric  acid,  and  in  the  reduction  of.  metals.    It 

I)  2 


36  CHEMICAL  TECHNOLOOY. 

has  been  mentionc.l,  whil<^  troating  of  the  blast-fumaco  pri^ooss,  that  cyanide  of  potassium 
is  formed  during  the  roduction  of  iron. 

BcrUn-Diae.  This  substancB,  80  named  when  it  was  accidentally  discovered  at  Berlin, 
in  17 10,  by  Diesbach,  is  chemically  a  fcrrocyanide  of  iron,  more  correctly  ferrous- 
ferric  cyanide.  A  distinct  variety  of  this  substance  is  known  as  Paris-bluo.  Three 
difTerciht  kinds  of  Berlin-blue  are  known,  viz.,  neutral,  basic,  and  a  mixture  of  the 
two,  differing  in  composition  and  prepared  by  different  processes. 

(a).  Neutral  Berlin-blue,  also  known  as  Paris-blue,  is  obtained  by  pouring  a  solution  of 
yellow  prussiatc  into  a  solution  of  chloride  of  iron,  or  into  a  solution  of  a  peroxide  salt  of 
iron ;  the  result  is  the  formation  of  a  large  quantity  of  a  magnificently  blue-coloured 
precipitate,  very  difficult  to  wash  out  and  always  retaining  a  certain  quantity  of  the  yellow 
prussiate,  which  cannot  be  removed  by  washing. 

(b).  Basic  Berlin-blue  is  obtained  by  precipitating  a  solution  of  yellow  prussiate  with  a 
solution  of  a  salt  of  protoxide  of  iron  (green  copperas),  the  result  being  at  first  the  forma- 
tion of  a  white  precipitate  of  protocyanide  of  iron,  which,  either  by  exposure  to  air,  or  by 
the  action  of  oxidising  substances,  becomes  blue  ;  because  a  portion  of  the  iron  is  oxidised 
and  another  portion  takes  up  the  cyanogen  thus  hberated,  converting  some  of  the  proto- 
cyanide into  peroyauide,  which  in  its  turn  combines  with  the  imattacked  protocyanide  to 
form  Berlin-blue,  with  which,  however,  some  peroxide  of  iron  remains  mixed.  It  is  stated 
that  basic  Berlin-blue  is  distinguished  from  neutral  Berlin-blue  by  being  soluble  in  water ; 
but  this  solubiUty  is  due  to  the  presence  of  some  of  the  yellow  prussiate,  and  is  not  a 
property  inherent  in  the  basic  Berlin-blue  in  a  pure  state. 

(f).  As  the  materials  employed  on  a  large  scale  are  neither  pure  protoxide  nor  pure 
peroxide  salts  of  iron,  but  a  ])eroxide  containing  protosalt  of  iron,  the  precipitate  obtained 
consists  at  first  of  a  mixture  of  neutral  Berlin-blue  with  more  or  less  of  the  white  proto- 
cyanide of  iron,  which  afterwards  becomes  basic  Berlin-blue  ;  accordingly  the  Berlin-blue 
of  commerce  is  a  variable  mixture  of  neutral  and  basic  Berlin-blues.  The  iron  salt 
employed  is  green  copperas  (sulphate  of  protoxide  of  iron),  which  of  course  should  not 
contain  any  appreciable  amount  of  copper,  the  salts  of  this  metal,  as  is  well  known, 
yielding  with  yellow  prussiate  of  potassa  a  chocolate-brown  cok>ured  precipitate. 
Old  Method  of  prftparing  The  Sulphate  of  iron  and  alum  are  dissolved  together  in  boiling 
PmsBiMi-Diae.  rain-  or  river-water  ;  the  fluid,  while  yet  hot,  is  decanted  from  any 

sediment  and  forthwith  poured  into  a  hot  aqueous  solution  of  yellow  prussiate,  care  being 
taken  to  stir  the  mixture,  luid  to  add  the  co])peras  and  alum-solution  as  long  as  any  preci- 
pitate is  formed.  The  liquor  is  run  off,  and  the  precipitate  washed  ^ith  fresh  water,  until 
all  the  sulphate  of  potassa  is  removed  ;  after  which  the  priK:ipitate  is  drained  on  filters 
mode  of  coarse  canvass.  This  having  been  accom))liBhed  the  substance  is  susjyended  in 
water  in  a  boiler,  and,  while  being  heated  to  the  boilmg-point,  nitric  acid  is  added ;  after 
a  few  minutes*  boiling,  the  contents  of  the  boiler  are  poured  into  a  large  wooden  tub  or 
cask,  and  strong  sulphuric  acid  is  added.  The  solution  is  now  allowed  to  stand  for  some 
time,  during  which  tlic  blue  colour  fully  dovelopes.  Tlie  Berlin-blue  is  then  thoroughly 
washed  with  water,  drained  on  coarse  canvass  filters,  next  dried,  pressed,  and  cut  into 
cakes ;  finally  it  is  dried  in  rooms  heated  to  8o*.  As  Berlin-blue,  when  once  quite  di^,  is 
reduced  to  powder  with  great  difficulty,  and  caimot  be  brought  to  the  state  of  fine  division 
as  when*  first  precipitated,  it  is  also  sent  into  the  market  in  the  state  of  paste.  The 
alumina  derived  from  the  alum  is  so  intimately  mixed  with  the  blue  that  the  bulk  of  the 
mass  is  thereby  increased  without  any  very  perceptible  decrease  in  the  intensity  of  the 
colour.  If  the  quantity  of  alumina  is  very  much  increased,  the  colour,  of  course,  becomes 
much  lighter,  and  this  variety  of  Berlin-blue  is  then  known  as  mineral-blue ;  a  name  also 
given  to  a  preparation  of  copper  obtained  either  from  the  native  hydrated  carbonate  of 
copper,  or  artificiaUy  prepared  by  precipitating  nitrate  or  chloride  of  copper  by  means  of 
lime  and  chalk. 

R«««it  M«fthodfl  of        Among  the  improvements  made  more  recently,  we  may  briefly  notice 

Preparing  D*rUn-Biuo.  the  following  : — I.  The  mixing  of  the  solutions  of  copperas  and  alum 
with  that  of  yellow  prussiate  is  effected  as  above  described,  but  great  care  is  taken  to 
prevent  any  oxidation  of  the  white  precipitate,  which  is  converted  into  an  intense  blue  by 
being  treated  with  nitro-hydrochloric  acid,  the  chlorine  evolved  serving  as  an  oxidismg 
agent.  The  remaining  operations,  viz.,  washing,  drying,  Ac,  are  performed  as  in  the 
former  methods.  2.  Perchloride  of  iron  solution  is  employed  for  the  purpose  of  converting 
the  white  precipitate  into  blue,  while  the  protochloride  of  iron  thus  formed  serves  at  a 
subsequent  operation  instead  of  protosulphate  of  iron.  3.  In  some  cases  perchloride  of 
manganese  (MuaCl^),  is  applied ;  likewise  a  solution  of  chromic  acid,  a  mixture  of 
bichromate  of  potassa  and  sulphuric  acid ;  but  it  is  self-evident  that  the  application  of 
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any  of  these  improvements  is  dependent  as  regards  snocess  in  a  commercial  point  of 
view,  upon  local  conditions,  and  upon  the  possihUity  of  advantageously  obtaining  the 
various  ingredients. 

TombnU's-Bine.  By  mixing  together  a  solution  of  red  prussiate  and  of  protosulphate  of 
iron  in  such  proportions  as  to  prevent  the  entire  saturation  of  the  former  salt,  there  is 
obtained  a  blue-coloured  precipitate,  known  in  commerce  as  TurnbuU's-blue,  consisting  of 
FeaCy3,3FeCy,  but  also  containg  some  chemically-combined  yellow  prussiate.    MM.  Mallett 

B«riin-Biii«MaB7-  *^^  Gauticr-Bouchard  have  proved  experimentally  that  Berlin-blue  may 
Prodnet  of  the      be  obtained  as  a  by-product  of  coal-gas  manufacture  from  the  ammoniacal 
"'SS^aiSd*'     liquor,  from  the  spent  lime  of  the  purifiers,  and  from  Laming's  purifying- 
AniBui  charcoaL    mixture.    The   spent  lime  contains,  in  addition  to   the  cyanides  of 
calcium  and  ammonium,  a  good  deal  of  free  ammonia,  mechanically  absorbed  in  the 
moist  lime.    Free  ammonia  is  first  removed  by  forcing  steam  through  the  lime,  and 
collecting  the  ammoniacal  gas  in  dilute  sulphuric  acid.     The  lime  is  next  washed  with 
water,  and  the  hquor  obtained,  containing  the  cyanogen  compounds,  is  employed  for  the 
manufacture  of  Berlin-blue.     According  to  M.  Rrafft's  exporlments,  looo  kUos.  of  spent 
gas-lime  yield,  when  treated  as  described,  from  12  to  15  kilos,  of  Berlin-blue,  and  from 
15  to  20  kilos,  of  sulphate  of  ammonia.     Mr.  Phipson  states  that  i  ton  of  Newcastle  gas- 
coal  yields  a  quantity  of  cyanogen  which  corresponds  to  from  5  to  8  lbs.  of  Berlin-blue. 
The  manufacture  of  animal-charcoal  also  yields,  if  desired,  Berlin-blue  as  a  by-product. 

Soluble BeiiinBine.  As  Ordinary  Berlin-blue  is  quite  insoluble  in  water,  and  the  basic 
rariety  only  soluble  in  the  presence  of  ferrocyanide  of  potassium,  these  pigments  are  only 
fit  for  use  as  paints,  and  the  discovery  of  the  solubility  of  pure  Berlin- blue  in  oxaHc  acid 
is  of  some  importance,  for  thereby  its  application  as  a  water-colour  becomes  possible. 
This  soluble  blue  is  obtained  by  digesting  the  Berlin-blue  of  commerce  for  i  to  2  days, 
with  either  strong  hydrochloric  acid  or  with  strong  sulphuric  acid,  which  latter,  after 
having  been  mixed  with  the  Berlin-blue  preWously  pulverised,  is  diluted  with  its  own  bulk 
of  water.  The  acid  is  next  decanted  from  tlie  sediment  of  blue,  and  the  latter  thoroughly 
washed  and  dried,  and  then  dissolved  in  oxalic  acid,  the  best  proj)ortiou8  being  8  parts  of 
Berlin-blue,  treated  as  just  mentioned,  i  part  of  oxalic  acid,  and  256  of  water.  According 
to  other  directions,  Berlin-blue  readily  soluble  in  water  can  be  obtained : — i.  By  the 
precipitation  of  protoiodide  of  iron  with  yellow  prussiate  of  potassa,  care  being  taken  to 
keep  the  latter  in  excess.  2.  By  mixing  a  solution  of  percliloride  of  iron  in  alcoholic 
ether  (tiiictura  ferrichlorati  atherea,  Ph.  Russ.)  with  an  aqueous  solution  of  yellow 
prussiate. 

Pure  Berlin-blue  is  of  a  very  deep  blue  colour,  with  a  cupreous  gloss ;  it  is  insoluble  in 
water  and  alcohol,  is  decomposed  by  alkalies,  concentrated  acids,  and  by  heat.  The 
lighter  and  more  spongy  it  is,  the  better  is  its  quality  ;  it  is  employed  as  a  pigment  and  in 
dyeing  and  calico-printing,  but  in  the  two  latter  instances,  pigmcut-priuting  excepted,  it 
is  obtained  on  the  tissues  by  a  circuitous  process.  The  Berlin -blue  of  commerce  is 
frequently  adulterated  with  alumina,  pipe-clay,  kaolin,  magnesia,  hoavy-spar,  and, 
according  to  Pohl,  even  with  starch-paste  coloured  blue  by  means  of  tinctiiro  of  iodine. 

CoHALT. 

.00  =  59;  Sp.  gr.  =  8  7). 

MMaiik Cobalt.  This  metal  is  found  imtivo  as  cobalt-spt^iis  iCoAsni,  ctmiaimii;.:  from 
3  to  24  per  cent  of  cobalt,  and  from  o  to  35  per  coiit  of  nitki'l ;  also  as  cobalt-glance. 
bright  white  cobalt  (CoAsSj,  coutaming  from  30  lo  34  per  cent  of  cobalt.  Cobalt  is 
prepared  on  a  large  scale  as  a  metal  at  Isorlohii,  and  at  Pfiuinensticl,  neai*  Auc.  in 
Germany.  Metallic  cobalt  exhibits  a  stcel-groy  colour,  somewhat  verging  upon  red, 
a  strong  metallic  lustre,  assumes  a  brilliant  polish,  is  malleable  and  ductile,  and  far 
ton^er  than  iron.  It  requires  a  very  high  tcinperatiiro  for  fusion,  is  only  slowly 
acted  npon  by  dilute  acids,  but  readily  dissolved  by  nitric  a(dd  and  aqua  rcgia. 

cobau  Goioais.  The  orcs  intended  for  tlie  manufacture  of  the  cobalt  colours  arc  roasted 
for  the  doable  purpose  of  volatilising  the  sulpluir  and  arsenic  they  contain,  and  for 
effecting  the  oxidation  of  the  cobalt.  After  roasting',  Ihr;  orm  are  known  as  Zalfer  or 
Ssphera.  According  to  the  degree  of  piu-ity,  tlic  trade  distin^niislies  the  ores  as 
'* comifton,"  "  medium,"  and  "  very  fine  ;"  they  contain  os&«)iitially  a  mixture  of  proto- 
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peroxide  of  cobalt,  arsenic,  nickel,  and  traces  of  the  oxides  of  manganese  and  bismuth, 
and  are  used  in  the  preparation  of  cobalt-colours.  In  Sweden  "  zaifers"  are  prepared 
by  precipitating  a  solution  of  sulphate  of  protoxide  of  cobalt  with  a  solution  of 
carbonate  of  potassa.  Zafier  is  used  for  the  manufacture  of  smalt,  cobalt-ultra- 
marine,— a  misnomer,  for  evidently  ultramarine  is  contracted  from  ultra-mure,  because 
the  lapis  lazuli  was  brought  across  the  seas  from  India — Csemleum,  lUnmann's-green 
(cobalt-green  or  Saxony -green),  and  also  cobalt-yellow,  cobalt- violet,  and  cobalt- 
bronze. 

BmaiL  Compounds  of  cobalt  have  the  property  of  imparting  a  blue  colour  to  glassy 
subetances  at  a  red-heat ;  when,  therefore,  impure  protoxide  of  cobalt  is  fused  with  silica 
and  carbonate  of  potassa,  the  result  is  the  formation  of  an  intensely  blue-ooloured  glass, 
which,  when  pulverised,  is  known  as  smalt.  This  substance  was  discovered  and  first 
prepared  by  the  Bohemian  glass-blower,  G.  Schurer,  who  lived  in  the  sixteenth  centniy. 
Smalt  is  now  prepared  by  melting  the  roasted  cobalt  ores  with  quartzose-sand  and  potash,  in 
crucibljB  placed  in  a  glass-furnace.  The  red-hot  glass  produced  is  quenched  in  cold  water  to 
render  it  brittle.  It  is  next  pulverised  and  scoured  with  water,  by  which  operation  smalts 
are  obtained  of  different  degrees  of  fineness,  not  simply  as  regards  minute  state  of  division, 
but  also  depth  of  colour,  all  of  which  varieties  abroad — where  to  a  limited  extent  the 
smalt  is  still  used,  though  it  is  almost  entirely  superseded  by  artificially-made  ultramarine 
— ^bear  distinctive  names.  It  has  been  proved  experimentally  that  the  colouring-matter  of 
smalt  is  potassio-silicate  of  protoxide  of  cobalt,  in  which  the  proportion  of  the  oxygen  of 
the  acid  to  that  of  the  base  is  as  6 :  i.  According  to  M.  Ludwig,  loo  parts  of  the  under- 
mentioned cobalt  colours  contain  : — 

Norwegian  Smalt.  Oerman  Smalt. 

Termed         Coarse  and 
High  colour.  high  Eschel.    pale  coloured. 

Silica        70*86  66*20  72*11 

Protoxide  of  cobalt        . .  6*49  6*75  1*95 

Potassa  and  soda . .       ..  21*41  16*31  1*80 

Alumina  . .     . .     . .     . .  0*43  8*64  20*04 

These  substances,  moreover,  contain  small  quantities  of  protoxide  of  iron,  lime,  prot- 
oxide of  nickel,  arsenic  acid,  carbonic  acid,  water,  and  oxides  of  lead  and  iron.  Dr.  Oude- 
mans  lately  analysed  a  beautifully  ultramarine-coloured  sample  of  smalt,  which  was 
found  to  contain  5*7  per  cent  of  protoxide  of  cobalt.  As  cobalt-glass  obtained  with  soda  is 
never  of  a  pure  colour,  that  alkadi  cannot  replace  potassa  in  the  manufacture  of  smalt. 
Since  the  roasting  of  the  cobalt  ores  is  not  continued  long  enough  to  oxidise  the  nickel 
contained  in  them,  that  and  some  other  metals  present  fuse  during  the  preparation  of 
the  smalt,  and,  settling  to  the  bottom  of  the  crucible,  form  an  alloy  termed  Cobalt-speiss. 

cobait-«peiat.  This  Bubstanoe  is  of  a  reddish- white  hue,  has  a  strong  metallic  lustre,  is  fine- 
grained in  structure,  and  contains  on  an  average  from  40  to  56  per  cent  nickel,  26  to  44 
per  cent  arsenic,  as  well  as  copper,  iron,  bismuth,  sulphur,  &o.  Dr.  Wagner  found  that 
(1870)  a  sample  of  this  alloy  from  a  Saxon  mine  contained  in  100  parts : — 

Nickel     48*20 

Cobalt 1*63 

Bismuth 2*44 

Iron 0*65 

Copper 1  -93 

Arsenic 42*08 

Sulphur 3*07 

100*00 
The  material  is  chiefly  used  for  the  preparation  of  nickel. 

Appiieatioiu  of      Smalt  is  still  employed  in  washing  and  dressing  blue,  and  for  imparting  a 
^"^^        blue  tint  to  paper.    It  is  not,  however,  very  suitable  for  this  purpose,  as, 
on  account  of  its  hardness,  it  soon*  destroys  the  points  of  writing-pens.    Smalt  is  more 
extensively  used  for  blue-enamelling  glass,  porcelain,  and  earthenware. 

cotMit  TTUimmutne.  This  Bubstancc,  also  known  as  Th^nard's  blue,  is  a  pigment  consisting 
of  alumina  and  protoxide  of  cobalt.  Curiously  enough  this  pigment  has  been  discovered 
and  prepared  at  three  several  periods  and  localities  by  different  people ;  first,  by  Wenzel, 
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at  Freiberg,  Saxony ;  next  by  Gahn,  at  Fahlon,  Sweden;  and  laHtly,  simultaneously  at 
PariB  and  Vienna,  by  Th^nard  and  von  Leithener.  The  pigment  is  prepared  either  by 
mixing  solutions  of  alum  and  a  salt  of  protoxide  of  cobalt,  precipitating  the  mixture  by  a 
solution  of  carbonate  of  soda ;  or  by  the  decomposition  of  aluminato  of  soda  by  means  of 
chloride  of  cobalt.  The  ensuing  precipitate,  consisting  of  an  intimate  mixture  of  hydrate  of 
alumina  and  hydrate  of  protoxide  of  cobalt,  is  first  well  washed,  then  dried  and  heated  for 
some  time.  The  pigment  thus  produced  is,  when  seen  in  daylight,  of  course  after  pulver- 
isation, very  similar  to  ultramarine,  but  by  artificial  light  its  colour  is  a  dirty  violet.  It 
is,  however,  not  acted  upon  by  acids,  as  distinguished  from  artificial  ultramarine  ;  neither 
is  it  affected  by  alkalies  nor  heat,  as  is  copper  or  mineral  blue.  Cobalt-ultramarine, 
chiefly  under  the  denomination  of  Th^nard's  blue,  is  employed  as  a  paint  in  oil-  and  watiT- 
colours,  and  also  for  staining  glass  and  porcelain. 

cwraieam.  Is  a  pigment  prepared  in  England,  exhibiting  a  bright  blue  colour,  not 
changing  in  artificial  light,  and  consisting  of  stannate  of  protoxide  of  cobalt  (Sn02,CoO), 
mixed  with  stannic  acid  and  gypsum  in  the  proportions,  in  loo  parts,  of  49*6  of  oxide  of 
tin,  i8-6  protoxide  of  cobalt,  31*8  gypsum.  This  pigment  is  not  affected  by  heat,  or  the 
action  of  dilute  acids  and  alkaHes ;  nitric  acid  dissolves-  the  protoxide  of  cobalt,  leaving 
the  other  ingredients,  from  which  the  gypsum  may  be  cleared  by  water. 

Rinmann-t,  or  This  substauce,  also  known  as  cobalt-green,  zinc-green,  and  Saxony-green, 
cobait-or««ii-  jg  a  compouud  similar  to  the  cobalt-ultramarine,  for  the  alumina  of  whi(*h 
oxide  of  zinc  is  substituted.  This  green  is  prepared  by  mixing  a  solution  of  white 
vitriol  with  a  solution  of  a  salt  of  protoxide  of  cobalt,  precipitating  by  carbonate  of 
soda,  and  washing,  drying,  and  heating  the  precipitate.  This  pigment  when  pure  con- 
tains 88  per  cent  of  oxide  of  zinc  and  12  per  cent  of  protoxide  of  cobalt.  It  is  not  affected 
by  strong  heat,  tinges  the  borax-bead  blue,  dissolves  in  warm  hydrochloric  acid,  forming  a 
blue  colour,  which,  upon  water  being  added,  becomes  a  pale  red.  Treated  with  caustic 
jHitasKa,  the  oxide  of  zinc  is  dissolved,  and  may  be  detected,  after  previous  dilution  with 
water,  by  the  addition  of  a  solution  of  sulphuret  of  potassium. 

ch*micaUv  Pure  This  substauce  is  occasionally  employed  for  the  preparation  of  fine 
prou>xi4«  of  cobidt.  colours.  It  may  be  obtained  by  heating  one  part  of  previously  roasted 
and  finely-pulverised  cobalt  ore  with  two  parts  of  sulphate  of  potassa  until  no  more 
sulphuric  acid  is  given  off.  The  fused  mass,  consisting  of  sulphate  of  potassa,  sulphate 
of  protoxide  of  cobalt,  and  insoluble  arsenical  salts,  is,  when  cooled,  first  treated  with 
water,  and  next  digested  with  hydrated  protoxide  of  cobalt  to  precipitate  any  iron  which 
may  happen  to  be  present,  and  in  order  to  eliminate  the  oxide  of  that  metal  the  solu- 
tion is  filtered.  It  is  next  precipitated  with  carbonate  of  soda,  and,  finally,  the  precipitate 
is  washed  and  heated. 
Kit»t«  of  Protoxide  of  This  doublc  salt,  known  by  its  trade  name  of  cobalt-yellow,  is 
Cobftit  uid  PotaMft.  obtained  by  mixing  a  solution  of  protoxide  of  cobalt  with  nitrite  of 
potassa ;  it  is  a  yellow  crystalline  precipitate,  perfectly  insoluble  in  water.  M.  Saint-Evro 
first  investigated  this  body,  and  struck  with  its  beautifully  yellow  colour,  quite  like  that 
of  purrhee  (euxanthinate  of  magnesia),  and  with  the  fact  that  cobalt-yellow  resists 
oxiaifdng  and  sulphuretting  infiuences,  suggested  its  applicability  to  artistic  purposes. 
He  prepares  this  pigment  by  precipitating  with  a  slight  excess  of  potassa  the  double  salt 
of  protoxide  of  cobalt  and  potassa,  obtaining  a  rose-red-colourcd  protoxide  of  cobalt  and 
potassa.  Into  tiiis  thickish  magma  deutoxide  of  nitrogen  gas  is  passed.  According  to 
Hayes,  this  pigment  is  readily  obtained  by  causing  the  vapours  of  hyponitric  acid  to  pass 
into  a  solution  of  protonitrate  of  cobalt,  to  which  some  potassa  has  been  added ;  the 
whole  of  the  cobalt  is  then  converted  into  cobalt-yellow.  As  the  nitrite  of  protoxide 
of  cobalt  and  potassa  can  be  obtained  even  from  impure  solutions  of  protoxide  of  cobalt, 
so  as  to  be  quite  free  from  any  nickel,  iron,  (fee.,  the  use  of  this  preparation  of  cobalt  is 
preferable  for  glass  and  porcelain  staining,  when  a  pure  blue  is  required. 

CoUdt'Bnmz*.  This  substance,  a  double  salt  of  phosphate  of  protoxide  of  cobalt  and 
ammonia,  prepared  at  Pfannenstiel,  near  Aue,  in  Saxony,  has  been  but  lately  brought  into 
commerce.  It  is  a  violet-coloured  powder,  very  much  like  the  violet -coloured  chloride  of 
chromium,  and  exhibits  a  strong  metallic  lustre. 

Nickel. 
(Ni  =  59;  Sp.  gr.  =  8-97  ^>  9  26). 

Hkkti aad Its ons.  This  metal  occurs  in  the  following  ores: — Copper  nickel  or 
arsenical  nickel,  NiAs,  containing  about  44  per  cent  Ni ;  antiniouial  nickel,  NiSb, 
with  about  31*4  per  cent  Ni;  white  arsenical  nickel,  NiAs^,  with  about  282  per 
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cent  Ni ;  in  some  varieties  of  cobalt-speiss,  as,  for  instance,  the  capillary  pyrites 
(snlphurct  of  nickel)  witli  648  per  cent  Ni ;  and  tlie  antimonial  nickel-ore, 

NiS2+Ni(Sb,ARa), 
with  about  26*8  per  cent  Ni.  There  is  found  at  Ilewdansk,  OumJ,  Russia,  a  mineral 
known  as  Rewdanskite,  a  silicate  of  hydrated  protoxide  of  nickel  {126  per  cent  Ni), 
from  which  the  metal  is  obtained.  Nickel  is  also  extracted  from  ores  which  contain 
it  accidentally,  as,  for  instance,  some  species  of  iron  and  copper  pyrites,  cobalt- speiss, 
and  certain  copper  ores  known  as  Mansfeld  ores,  which  yield  sulphate  of  nickel  as  a  by- 
product. Several  varieties  of  manganese  contain  nickel  and  also  cobalt ;  and  in  England 
the  residues  arising  from  tlio  manufacture  of  chlorine  are  in  some  instances  applied 
in  the  production  of  these  metals,  the  process  yielding,  according  to  Gei'land,  25  kilos. 
of  nickel  and  5  kilos,  of  cobalt  for  i  ton  of  manganese.  Some  magnetic  iron  ores 
yield  nickel,  a  specimen  of  such  ore  from  Pragaten,  Tyrol,  Austria,  containing, 
according  to  M.  T.  Petersen,  176  per  cent  of  NiO. 

****gJ^**j'JJ2j^*<***  It  very  rarely  happens  that  the  natural  ores  of  nickel  are  so  pure, 
that  is  to  say,  contain  the  metal  in  such  a  state  of  combination,  as  to  admit  of  tlic 
direct  extraction  of  the  metal,  and  tlierefore,  as  is  tlie  case  with  copper,  a  preliminary 
operation  is  required,  wliich  aims  at  the  concentration  of  the  metal  in  combination 
either  with  sulphur,  in  wliich  case  tlio  combined  substance  is  termed  regulus,  and 
Bulphuret  of  iron  is  applied  as  a  means  of  concentrating  the  nickel  contained  in  the 
ore  as  sulphurct ;  or,  if  the  nickel  hai)pen8  to  be  combined  chiefly  ^^ith  arsenic,  tlie 
concentrated  mass  is  tcnncd  speiss ;  while  in  a  few  instances  an  alloy  of  nickel  and 
coarse  or  black  copper  is  obtained.  From  all  these  pvoducis  the  metallic  nickel,  or 
sometimes  an  alloy  of  nickel  and  copper,  is  prepared  by  the  dry  or  moist  process. 

The  method  of  obtaining  nickel  embraces  two  distinct  features,  viz. : — 
I.  A  smelting  process,  wliich  aims  at  rendering  the  nickel  of  the  ores  richer,  and 
concentrating  the  metal — 
a.  In  a  regulus, 
/3.  In  a  speiss,  or 
y.  In  alloy  with  coarse  or  black  copper. 

n.  In  the  separation  of  the  nickel,  or  a  definite  alloy  from  the  proilucts  obtained  by 
the  concentration-smelting ;  this  can  be  done — 

a.  By  the  dry,  or 

6.  By  the  hydro-metallurgical  method. 
As  it  is  found  that  the  preparation  of  an  alloy  of  copper  and  nickel,  for  the  manufac 
tare  of  so-called  German-fiilver,  impairs  the  most  valuable  properties  of  nickel — its 
white  colour  and  resistance  to  chemical  action — the  obtaining  of  pure  metallic  nickel  is 
preferred. 
^nSiSr^orthe"  ^'  ^^^®  operation  is  carried  on  (a)  for  regulus,  when  the  nickel-ores  are 
Niekoi  Ore*.  mixed  with  iron  pyrites  and  magnetic  pjTites,  and  consists  in  smelting  the 
previously  partly  roasted  ore  with  quartz  or  substances  rich  in  sUica.  Diu-ing  the  process 
the  greater  portion  of  the  oxide  of  iron  generated  is  absorbed  by  the  slag,  while  the  nickel, 
also  first  oxidised,  and  more  readily  reduced  than  the  oxide  of  iron,  is  converted  to  the 
metalUc  state  and  taken  up  by,  and  concentrated  in,  the  regulus,  a  mixture  of  undccom- 
posed  sulphurets  of  metals  and  reduced  sulphates.  If  at  the  same  time  the  ore  contains 
copper,  that  metal  is  even  more  readily  and  completely  incorj^orated  with  the  regulus  thun 
the  nickel  itself.  If  the  roasted  mass  contains  too  much  protoxide  of  iron,  a  p()rtion  of  that 
metal  is  reduced,  and  either  taken  up  by  the  regulus,  or  separated  as  containing  nickel. 
The  separation  of  the  iron  from  the  regulus  frequently  requires  the  application  of  h  refining 
furnace  provided  with  a  blast  so  as  to  oxidise  the  iron.  A  better  result  is  (►btained  by 
treating  the  previously  roasted  ore  in  a  reverberatory  furnace  with  quartz,  heavj'  spar,  and 
charcoal  or  coal;  sulphuret  of  barium  results,  which,  becoming  converted  into  baryta,  trans- 
fers  its  sulphur  to  the  oxides  of  nickel  and  copper,  while  the  barj'ta  forms  with  the  (juarlz 
and  protoxide  of  iron  a  readily  fusible  slag.  At  l>illenburg  an  ore  which  C(  ntaiiis  the 
sulphurets  of  nickel  to  about  7*5  per  cent,  and  copper,  is  treated  in  the  f'»IU»wing 
manner: — It  is  roasted  in  stacks,  built  not  unlike  coke-ovous;   next  broken   up  and 
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smelted  in  a  low  blast-fomace  boated  by  means  of  coke,  no  other  ingredients  being  added, 
as  the  ore  contains  silica,  alumina,  and  lime  in  sufficient  quantities,  so  as  to  obtain  crude 
rcgulus  (I.)  This  crude  regulus  is  next  melted  with  slags  so  as  to  obtain  concentrated 
regulus  (n.)  It  is  lastly  submitted  to  the  action  of  a  refining  blast-furnace  in  order 
to  lessen  the  quantity  of  iron,  care  being  taken  to  leave  enough  sulphur  to  keep  the 
refined  regulus  (III.)  brittle ;  finally,  the  regulus  is  employed  in  the  manufacture  of  nickel 
and  alloys  of  nickel.    Composition — 

I.      n.     m. 

Nickel ig  24  35 

Copper 13  39  43 

Iron      35  12  2 

Sulphur       33  25  20 

100       100       100 

This  mode  of  operation  is  employed  at  Klefver  (Sweden),  and  in  some  other  localities. 

(/3).  The  smelting  of  nickel  ores  for  the  purpose  of  concentrating  the  metal  in  spoiss  is 
applied  when  the  nickel  occurs  in  combination  with  either  arsenic  only  or  with  that 
metal  and  antimony,  such  compounds  being  occasionally  obtained  in  the  operations  of 
smelting  copper,  lead,  and  silver  ores,  and  as  by-products  of  the  smelting  of  metals  not 
containing  arsenic,  as,  for  instance,  in  slags  from  copper- smelting,  in  which  case  there 
is  added  arseniuret  of  iron  (arsenical  iron  pyrites,  FeAs-HFeSj,  which  when  heated  by 
itself  splits  up  into  As  and  2FeS).  When  a  mixture  consisting  of  nickel,  iron,  and  arsenic 
is  first  submitted  to  a  partial  calcination,  and  next  to  a  simultaneously  reducing  and 
fusing  smelting,  the  iron  is  taken  up  by  the  slag,  the  nickel-oxide  is  reduced,  and  the 
arseniates  are  converted  into  arseniurets,  and  as  the  nickel  has  a  greater  affinity  for 
arsenic  than  for  sulphur,  the  speiss  will  also  take  up  that  metal.  If  the  compound 
originally  operated  upon  happens  to  contain  copper,  that  metal  is  present  in  the  speiss, 
from  which  it  may  be  separated  as  a  sulphuret  by  the  addition  of  ordinary  pyrites  to  the 
arsenical  pyrites  during  the  smelting.  By  frequently  roasting  and  smelting  the  speiss, 
aided  occasionally  by  an  oxidising  blast  and  the  use  of  heavy  spar  and  quartz  as  slag,  the 
iron  is  gradually  eliminated.  At  Birmingham,  Hungarian  and  Spanish  nickel  ores  are 
smelted  for  speiss,  these  minerals  containing  on  an  average  from  40  to  55  per  cent 
of  nickel,  and  from  30  to  40  per  cent  of  arsenic,  as  well  as  sulphur,  bismuth,  and 
copper. 

(y).  Smelting  for  the  concentration  of  coarse  copper  or  nickeliferous  pig-iron.  When 
the  quantity  of  nickel  contained  in  the  copper  ores  is  very  small,  the  nickel  accumulates 
in  the  first  portions  of  the  refined  copper  in  such  quantities  as  to  repay  the  trouble  of 
extraction.  M.  WiUe  analysed  some  refined  copper,  obtained  from  the  cupriferous  slate 
of  Itiechelsdorf,  and  found  it  to  contain  from  7-8  to  13*6  per  cent  of  nickel ;  occasionally 
the  surface  discs  of  rosette- copper  contain  crystals  of  protoxide  of  nickel. 

Mt-uiIjlKkkeL^or  of  ^'  '^^^®  ^^  effected  by  submitting  tbe  product  of  the  concentra- 

An<»j» of  Nkkei ani Copper,  tion-smeltiug  to  either  (a)  a  dry  method  of  treatment,  or  (b)  a 
hydro-metallurgical  process. 

(a).  Preparation  of  nickel  by  the  dry  method.  It  appears  that  the  methods  hitherto 
employed  have  not  led  to  very  satisfactory  results  ;  it  is  true  that  when  nickel-spciss  is,  as 
suggested  by  M.  von  Gersdorf,  repeatedly  roasted  with  charcoal-powder  and  wood- 
shavings,  oxide  of  nickel  is  obtained,  and  may  be  reduced  by  means  of  coal,  coke,  or  char- 
coal ;  but  as  this  oxide  is  always  mixed  with  arKCuiate  of  oxide  of  nickel,  the  metal  also 
contains  arsenic,  and  any  Gcrman-Bilver  made  with  it  is  brittle  and  turns  brown  on 
exposure  to  air ;  moreover,  a  small  quantity  of  iron  is  always  present  in  the  nickel  thus 
prepared.  A  better  result  is  obtained  by  the  process  proposed  by  the  late  H.  Bose,  in 
1S63,  for  the  preparation  of  the  metal  tree  from  arsenic,  and  which  consists  in  mixing 
the  pulverised  speiss  with  sulphur  and  heating  this  mixture,  thereby  forming  sulphuret  of 
nickel  and  sulphuret  of  arsenic,  the  latter  being  volatilised.  This  operation  is  repeated 
as  often  as  may  be  necessary ;  the  sulphuret  of  nickel  is  roasted,  and  sulphate  of  protoxide 
of  the  metal  is  formed,  which,  at  a  high  temperature,  as  is  the  case  with  protosulphate  of 
iron,  loses  its  sulphuric  acid,  leaving  the  oxide  of  nickel  to  be  reduced  to  the  metalUc 
state  by  means  of  charcoal.  At  Dillenburg  experiments  have  been  made  in  order  to 
obtain  from  what  is  termed  a  refined  stone — a  compound  of  nickel,  copper,  iron,  and 
solphnr — an  alloy  of  nickel  and  copper,  by  first  completely  calcining  the  sulphurets,  and 
so  driving  off  the  free  sulphur ;  next  mixing  the  remainder  of  the  substance  in  quantities 
of  100  lbs.  with  45  lbs.  of  soda,  and  submitting  this  mixture  to  the  heat  of  a  reverberatory 
famaoe  in  order  to  render  the  sulphur  soluble  in  water  as  sulphuret  of  sodium  and 
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sulphate  of  soda,  leaving  an  alloy  which,  of  course,  has  to  be  refined  in  order  to  eliminate 
the  last  traces  of  iron. 

(6).  Obtaining  nickel  by  the  wet,  or  hydro-metallurgical  method.  A  preliminary 
roasting  of  the  ores  or  prodaots  of  metallurgical  operations  containing  nickel  is  required 
in  order  to  convert  the  iron  into  an  oxide  soluble  in  acid,  and  to  convert  the  nickel, 
copper,  and  cobalt,  either  into  sulphates  soluble  in  water  or  into  oxides  or  basic  salts, 
both  of  which  are  soluble  in  sulphuric  and  hydrochloric  acids.  From  any  such  solution 
the  nickel  is  precipitated  by  a  suitable  reagent  either  as  oxide  or  as  sulphuret,  and  from 
these  materifJs  metallic  nick^  or  an  alloy  of  that  metal  with  copper  is  prepared.  The 
preparation  of  nickel  by  the  moist  method  consists  of  three  difFerent  operations : — 
I.  The  preparation  of  the  nickel  solution.  When  nickeliferous  metallurgical  products 
are  roasted,  either  with  or  without  the  addition  of  copperas,  the  result  is  the  formation  of 
the  sulphates  of  iron,  copper,  nickel,  and  cobalt,  and  this  mixture  when  roasted  becomes 
decomposed,  the  sulphuric  acid  being  driven  off  first  and  most  readily  from  the  sulphates 
of  the  oxides  of  iron,  and  with  greater  difficulty  from  the  sulphate  of  protoxide  of  cobalt. 
Accordingly,  after  roasting,  the  mass  on  being  treated  with  water,  yields  the  larger  portion 
of  the  nickel  and  cobalt  with  some  of  the  copper,  while  the  greater  part  of  the  latter, 
with  very  small  quantities  of  cobalt  and  nickel  and  the  whole  of  the  iron,  remain  undis- 
solved as  oxides ;  by  the  use  of  acids  the  protoxides  of  copper  and  nickel  are  extracted 
from  this  residue.  If  the  roasted  material  is  immediately  treated  with  hydrochloric  acid, 
the  result  is  that  more  of  the  oxide  of  copper  than  of  the  protoxide  of  nickel  is  dissolved ; 
but  by  again  treating  the  residue  with  boiling  acid  the  oxides  of  iron  and  nickel  are 
extracted.  Speiss  may  be  used  for  obtaining  a  nickel  solution  by  first  heating  the  previ- 
ously roasted  speiss  with  a  mixture  of  soda  and  nitrate  of  soda,  next  extracting  the 
arseniate  of  soda  by  means  of  water,  and  afterwards  treating  the  residue  with  sulphuric 
acid,  roasting  the  sulphates  obtained  so  as  to  decompose  only  that  of  iron,  and  finally 
treating  the  mass  again  with  water  to  obtain  the  sulphates  of  nickel  and  cobalt  in  solution. 
According  to  Professor  Wohler*s  plan,  the  arsenic  of  the  speiss  can  be  removed  by  fusion 
with  sulphuret  of  sodium  and  a  subsequent  treatment  with  water,  in  which  it,  as  a  sulpho- 
salt,  is  soluble.  2.  The  nickel  may  be  precipitated  from  the  solution  in  various 
ways.  According  to  M.  Stapff's  plan  (1858),  a  fractioned  precipitation  maybe  obtained 
by  means  of  chfidk  employed  at  various  temperatures,  the  result  being  that  first  iron 
and  arsenic,  and  next  copper,  are  separated,  so  that  only  the  nickel  remains  in  solution, 
and  can  be  thrown  down  by  milk  of  lime.  According  to  M.  Louyet  (1849),  iron  and 
arsenic  are  first  precipitated  by  milk  of  lime  mixed  with  blcaching-powder,  and  tbe 
liquid  containing  this  precipitate  filtered  off.  From  the  acid  filtrate  the  bismuth,  lead, 
and  copper  that  may  be  present  are  removed  by  sulphuretted  hydrogen ;  the  filtrate  from 
these  joint  sulphides  is  next  boiled  with  bleaching-powder,  the  cobalt  being  separated  as 
a  peroxide,  and  the  nickel  remaining  in  solution.  If  it  is  desired  to  obtain  the  cobaltic 
peroxide  in  a  pure  state,  the  precipitation  should  be  so  conducted  as  to  leave  a  Uttle 
cobalt  with  the  nickel,  no  injury  therefrom  accruing  to  that  metal.  At  Joachimsthal, 
Bohemia,  the  nickel  is  precipitated  from  the  acid  solution  after  the  removal  of  the 
copper  by  sulphuretted  hydrogen,  by  means  of  bisulphate  of  potassa  as  bisulphates  of 
protoxide  of  nickel  and  potassa,  leaving  the  cobalt  in  solution  free  from  nickel,  which  in 
its  turn  is  thrown  down  by  carbonate  of  soda.  3.  The  conversion  of  the  nickeliferous 
precipitate  into  metal,  or  into  an  alloy  with  copper,  may  be  carried  out  in  the  following 
manner.  The  protoxide  of  nickel  is  first  separated  from  the  Uquid  by  filtration,  then 
pressed  so  as  to  admit  of  its  being  dried  by  intense  heat,  and  next  ground  up  with  water 
and  washed  with  very  dilute  hydrochloric  acid,  in  order  to  remove  the  gypsum,  of  which 
some  8  to  12  per  cent  is  mixed  with  the  oxide.  The  oxide  is  then  made  with  beet-root  sugar, 
molasses,  and  coarse  rye-meal  into  a  stiff  paste,  which  is  shaped  into  cubes  from 
1*5  to  3  centimetres  in  size;  these  cubes  are  next  rapidly  dried,  and  after  drying  are 
placed  with  charcoal  powder  in  crucibles  or  in  perpendicular  fire-clay  cylinders,  where 
being  submitted  to  a  very  strong  white  heat,  the  metal  is  reduced ;  an  operation  which,  in 
the  case  of  the  alloy  of  copper  and  nickel,  or  of  cupriferous  nickel,  is  finished  in  i^  hours, 
the  reduction  of  the  pure  metal  taking  fully  three  hours.  The  copper  soon  becomes 
molten,  but  the  nickel  only  sinters  together  on  account  of  the  very  great  infusibility  of 
this  metal.  The  small  cubical  pieces  of  nickel  as  met  with  in  commerce  exhibit  externally 
A  strong  metallic  lustre,  produced  by  putting  the  cubes  with  water  into  casks,  which  are 
made  to  rotate.  In  order  to  ensure  uniformity  of  composition,  and  hence  a  good  sale  for 
the  alloy  of  copper  and  nickel,  rosette-nickel,  care  is  taken  to  procure  the  mixture  of 
the  two  metals  in  the  proportion  of  66*67  per  cent  copper  and  33*33  per  cent  nickel,  while 
the  cubical  nickel  contains  from  94  to  99  per  cent  of  pure  metal.  At  a  nickel-oven  at 
Dillenburg,  the  metal  is  not  made  into  cubes,  but  treated  in  the  same  way  as  rosette- 
copper. 
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propatiesof  NieiuL  Pure  nickel  has  a  nearly  silver- white  colour,  with  a  slight 
yellowish  hue,  is  very  difficult  to  melt,  rather  hard,  very  ductile,  and  easily  polished ; 
sp-  W^-  -  S'97  to  9-26.  When  quite  pure  this  metal  may  be  drawn  into  wire,  rolled 
into  sheets,  hammered,  and  forged ;  its  tensile  strength  stands  to  that  of  iron  as  9  :  7. 
Nickel  is  analogous  to  iron,  but  distinguished  from  it  by  possessing  a  greater  power 
of  resisting  chemical  agents ;  on  this  account,  and  for  its  not  becoming  rusty  in  air  or 
when  in  contact  with  water,  nickel  is  used  for  obtaining  silver-like  alloys  (see 
Copper).  In  Belgium,  Switzerland,  the  United  States,  and  Jamaica,  small  coins 
have  been  made  of  an  alloy  of  nickel  with  zinc  and  copper,  pure  nickel  being  too 
hard  to  admit  of  readily  coining.  An  alloy  known  as  tiers-argent,  one-third  silver, 
consists  in  icx)  parts  of: — 
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The  total  annual  production  of  nickel  on  the  continent  of  Europe  amounts  (1870) 
to  11,200  cwts.,  exclusive  of  what  is  made  in  England.  Very  pure  nickel  is  obtained 
at  Val  B6noit,  near  Luik,  Belgium,  from  an  Italian  nickel  ore,  the  metal  containing 
less  than  i  per  cent  impurities. 

Copper. 

(Cu  =  63-4;  Sp.  gr.  =  8-9.) 

^'^'"^''•ndhSi'****^*^  Copper  is  one  of  the  metals  met  with  most  abundantly.  It  has 
been  known  from  a  very  remote  antiquity — even  before  iron — and  bears  the  Latin 
name  Cuprum,  because  it  was  obtained  by  the  Romans  and  Greeks  from  the  Island 
of  Cyprus ;  from  the  Latin  name  of  this  metal  the  English,  German,  Dutch,  and 
French  names  are  derived.  Copper  is  foimd  to  some  extent  in  a  metallic  state 
naturally,  but  it  is  chiefly  obtained  from  ores,  among  which  the  oxides  and  sulphides 
are  the  chief. 

OiM  of  copptf.  Native  copper  is  found  in  large  quantities  near  Lake  Superior,  in  North 
America;  and  in  Chili  there  is  known  a  peculiar  kind  of  sand  called  copper-sand,  or 
eopper-barilla,  consisting  of  from  60  to  80  per  cent  of  metallic  copper  and  20  to  40  per 
cent  of  quartz.  This  sand  is  imported  into  England  and  smelted,  with  other  copper  ores, 
at  Swansea. 

Bed  copper  ore  (suboxide,  or  red  oxide  of  copper),  CuiO,  containing  88*8  per  cent  of 
copper,  is  met  with  in  octahedrioal-shaped  crystals,  disseminated  or  instratified  through 
roek  in  ComwalL  An  intimate  mixture  of  suboxide  of  copper  and  iron-oohre  is  known  as 
tile^ore,  or  earthy  red  oxide  of  copper.  Azurite,  or  blue  copper  ore,  containing  55  per 
eent  of  copper,  is  a  compound  of  carbonate  of  protoxide  of  copper  and  hydrated  protoxide 
(aCuC0«-)-GuHa02.  It  occurs  in  beautifully  blue-coloured  crystals  disseminated  through 
roek  ana  gangue  in  Cornwall,  and  was  formerly  found  at  Chessy,  near  Lyons. 

Malachite,  containing  57  per  cent  of  copper,  consists  of  basic  carbonate  of  hydrated 
oxide  of  copper  (CuCOj-t-CuHaOa)*  and  occurs  in  rhombic  crystals,  also  as  stalactite  and 
stalagmite,  and  in  Atlas  ore,  a  veined  and  earthy  ore  called  copper-green  or  earthy 
malachite,  and  very  frequently  with  azurite  in  Australia  and  Canada. 

Copper-glance,  copper-glass,  sesquisulphuret  of  copper  (Cu^S),  contains  80  per  eent  of 
the  metal.  Purple  copper  ore,  variegated  copper  ore,  a  compound  of  copper-glance  and 
■6aqai£iih>hnret  of  iron  (sCu^S-f-FeaS^),  with  55*54  per  cent  of  copper  and  copper  pyrites 
(CucS-h^eaSj  or  CuFeSa)t  with  34*6  per  cent  of  copper  are  the  chief  sulphur  ores  used  in 
the  extraction  of  copper.  Copper  pyrites  is  often  mixed  with  iron  p3Tites,  and  also  often 
j»flntMftff  tilTer  and  mokel.  The  mineral  known  as  Boumonite,  although  a  lead  ore,  often 
*iffit^«««  as  maeh  aa  12*76  per  cent  of  copper. 
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Slaty  copper  ore  ia  a  bitaminoua  marly  schist  belonging  to  the  permian  formation, 
throagh  wMch  salphurettod  copper  ores  are  disseminated ;  this  ore  is  chiefly  found  in 
Germany. 

Grey  or  black  copper  ores,  so  called  Fahl  ores,  are  compounds  consisting  of  electro- 
positive sulphurets,  viz.,  sulphuret  of  copper  and  of  silver,  with  electro-negative 
Bulphurets,  viz.,  those  of  arsenic  or  antimony.  As  these  ores  contain  silver  they  are  usually 
considered  as  silver  ores,  the  quantity  of  copper  contained  in  them  amounting  to  about 
14  to  14*5  per  cent.  Atacamite  is  also  a  copper  ore  (3CuH202+CuCl2)i  containing  56  per 
cent  of  copper.  This  substance  is  chiefly  met  with  in  Chili  and  other  parts  of  the  Western 
Coast  of  South  America,  in  Southern  Australia,  and  in  Peru,  and  in  that  country  it  is 
groimd  to  powder  and  used  instead  of  sand  or  sawdust  to  strew  on  the  floors  of  rooms. 
It  is  imported  in  that  state  under  the  name  of  Arsenillo,  and  is  smelted  with  the  atacamite 
in  lumps  at  Swansea. 

Mode  of  Treaung  tho  Copper       It  is  qiiito  cvident  that  the  treatment  of  the  ores  must  vary 

Ore*  for  the  Parpoae  of 

Extracting  the  MetaL  accordiiig  to  the  Constitution  of  the  metals.  The  ores  in 
which  copper  is  contained  as  oxide,  or  ochrey  ores,  are  reduced  readily  enough  by 
simple  treatment  with  carbonaceous  matter  and  a  flux ;  but  these  ores  are  by  no 
means  abundantly  found,  and  arc  therefore  usually  mixed  with  pyritical  sulphu- 
retted ores.    The  smelting  of  copper  from  its  ores  therefore  embraces : — 

1.  The  smelting  from  ores  containing  oxides, 

2.  From  pyritical  ores,  and 

3.  The  hydro-metallurgical  metliod. 

Pyritical  copper  ores  are  smelted  either  in  a  shaft,  or  pit-furnace,  or  in  a  reverbora- 
tory  furnace.  In  the  latter  instance  the  reduction  of  tlie  metallic  regiilus  of  coi>pt»r. 
obtained  from  a  previous  roasting  of  the  ore,  is  eflected  by  the  aid  of  sulphur,  not  by 
that  of  coal.  The  regulus  is  gradually  rendered  richer  and  richer  in  metal,  until  at 
last  the  decomposition  of  the  sulphur  is  completed  by  the  action  of  the  oxygen  of  tlie 
air ;  by  this  operation  suboxide  is  plentifully  formed,  and  as  a  consequence  the  metallic 
copper  obtained  is  in  the  state  technically  termed  "  over-refined."  When  the  shaft - 
furnace  is  employed,  tlie  first  portion  of  tlie  operation  is  similar  to  that  alluded  to, 
but  the  metal  is  reduced  with  coal  or  charcoal,  and  hence  the  copper  obtained — 
leaving  out  of  the  question  the  presence  of  the  foreign  metals — is  never  over-refined, 
but  contains  carbonaceous  matter,  so  that  in  order  to  render  the  copper,  as  it  is 
technically  termed,  tough — that  is  to  say,  malleable  when  cold  as  well  as  when  hot, 
another  operation  is  required,  which  it  is  evident  from  the  foregoing  must  diHer  for 
the  two  qualities  of  crude  metal. 
The  wnrkingup  of  the       The  orcs  are  first  roasted  or  calcined,  and   a  portion  of  the 
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Shaft  Furnace.  sulphur,  arscnic,  and  the  antimony  they  contain  volatilised;  sul- 
phates of  the  metals  as  well  as  arseniates  and  autimoniates  arc  at  the  same  time 
formed,  wliile  a  portion  of  tlie  ore  is  not  acted  upon  at  all.  When  the  smelting 
operation  is  commenced,  fluxes  are  added,  and  any  oxide  of  copper  present  is  reduced 
to  tlie  metallic  state,  while  simultaneously  the  sulphates  arc  again  converted  into 
sulphurets,  which  jointly  with  the  metallic  copper  form  the  rather  richer  crude 
regulus  of  copper :  while  if  arsenic  and  antimony  prevail  speiss  is  formed.  The 
more  readily  oxidised  metals  present,  chiefly  iron,  form,  as  protoxides,  compounds 
with  the  fluxes.  By  a  repetition  of  this  process  with  tlie  coarse  metal  regulus — ^the 
operation  being  known  as  a  concentration-smelting — there  are  obtained  thin  matt, 
and  what  is  termed  black  copper,  containing  foreign  metals,  wliich  are  got  rid  of  by 
a  first  or  coarse  refining,  a  portion  of  the  impurities  under  the  influence  of  a  high 
temperature,  the  oxygen  of  the  air  and  fluxes,  being  partly  volatilised,  partly  taken 
up  in  tlic  slag.    The  copper  obtained  by  tliis  operation,  rose-  or  disc-copper,  contains. 


becniise  the  calcination  is  cnmeil  rather  too  far,  stihoxido  of  copper,  which  impairs 
the  (luctilitj  of  tho  metal.  This  defect  in  remcilied  by  a  rapid  smelting  uiidcr  a 
lajer  of  cliajcoal,  tlie  subosido  beinf;  reduced  and  tough  copper  obtained.  When  a 
reverberatory  furnace  is  employed,  the  coarse  and  last  refinings  are  usuallj-  included 
in  one  process. 

According  to  the  continental  methods,  the  calcined  ore  is  smelted  and  converted 
into  coarse  regulus  in  a  shaft -furnace,  the  fuel  employed  being  charcoal  or  coke,  or  a 
miiture  of  the  two.  Fig.  i8  eiMbits  the  vertical  section  of  the  furnace ;  Fig.  19  ia 
a  front  view,  the  front  wall  heing  removed  to  show  the  interior  construction.  Fig.  20 
eiliibits  the  lower  part  of  this  furnace ;  (  (  are  the  tuyere-holes  for  the  blast ;  tho 
apertures.  0  0,  placed  just  above  the  lowest  part  of  the  breast  of  the  hearth,  communi- 
cate by  means  of  channels  with  the  amelting-pots,  0'  c',  the  object  being  to  gradually 
collect  the  molten  contents  of  the  furnace.  Since  copper  ores  always  contain 
more  or  lees  iron,  it  might  happen  that  by  eimply  employing  a  reducing  smelting, 
some  of  that  metal  would  become  mixed  with  the  copper ;  in  order  to  avoid  this, 
llu^ing  materials  rich  in  silica  arc  added,  with  wliicli  the  protoxide  of  iron  forms  a 


readily  fosiblo  slog.    The  oxides  of  copper  present  in  tlic  calcined  materials  arc 
reduced  to  the  metallic  state  by  the  sulphuret  of  iron — 

3CnO + FeS = SOj+ FeO  -H  3CU 
The  metal  regulus.  a  mixture  of  eulphurets  of  copper  and  iron  and  otlier  metals,  con- 
taining on  an  average  32  per  cent  of  copper,  collects  in  tlie  lower  part  of  tho  furnace. 
and  the  slag  funned  is  called  crude  or  coarse  slag.  The  roasting  of  the  regulus  aims 
at  ita  most  complete  oxidation,  while  the  sulphur  is  eliminated.  The  calcined  regains 
is  next  smelted  in  a  shaft  furnace  with  the  addition  of  a  flux,  a  process  technically 
known  as  concentration -smelting.*  The  refined  regulus  obtained  by  this  smelting 
contains  some  50  per  cent  of  copper,  and  is  next  treated  to  obtain  black-copper,  coarse 
metal.  Bnt  if  the  regulus  contain  a  sufficient  quantity  of  silver,  .that  metal  is 
extracted  by  methods  which  will  bo  fiUly  elucidated  when  silver  is  treated  of;  in 
some  cases  this  opera^on  is  combined  with  the  extraction  of  lead  from  the  copper, 
uid  elTected  by  what  is  termed  liquation,  of  which  more  presently. 

'  There  are  no  equivalent  terms  in  English  to  express  the  real  meaning  of  the  Oerraan 
words,  a  laot  which  is  readily  accounted  for,  it  wo  consider  that  these  operations  are 
ONDtiallj  German  and  of  very  ancient  standing- 
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The  opentioit  of  smelting  for  a  refined  regulue  is  omitted  if  tolerably  pnre  copper 
ores  are  operated  upon,  and  snch  ores  after  calcination  are  immediately  treated  in  a 
low  blast-famace  to  obtain  the  block-copper.  In  additton  to  black-copper,  a  thin 
matt  containing  from  93  to  95  per  cent  of  that  metal  is  obtained.  As  an  instance  of 
the  composition  of  black-copper,  we  quote  Dr.  Fach's  analyaia  of  a  sample  of  that 
material  produced  at  Mansfeld,  in  i865 ;  in  100  parta  there  a 
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BasiiiiM  tiu  coTPu.      The  black-copper  is  next  submitted  to  an  energetic  oxidiaing 
smelting  process  in  order  to  get  rid  of  the  intpnrities  in  the  slag.    This  process  is 
carried  on  either — 

1.  In  a  small  refining  furnace ; 

2.  In  a  large  refining  furnace ;  or 

3.  In  a  reverberatory  furnace. 

BaiDini  n  uu  HMrth.      I .  This  operation  is  effected  in  a  furnace  or  hearth,  represented 
in  vertical  section  in  Fig.   21,  and  in  perspective  in  Fig.  Z2  :  a  is  a  semi-globuIar 


Fio. 
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excavation,  termed  the  crucible ;  b  is  a  cast-iron  bed-plate ;  k  represents  one  of  tfae 
two  tujeres  bj  means  of  which  a  blast  is  conveyed  to  the  fuel  and  the  sur&ce  of  the 
copper.  The  black  or  coarse  copper  is  melted  by  the  heat  of  charcoal  aided  by  the 
blast,  tbe  sulphur,  arsenic,  and  antimony  being  volatilised,  while  the  oxides  of  iron 
and  of  the  other  non-volatile  metals  are  taken  up  with  the  suboxide  of  copper  by  the 
slag,  which  gathers  at  the  surface  of  the  molten  metal,  and  is  from  time  to  time 
removed.  As  soon  as  the  refining  is  complete,  the  blast  is  turned  off  and  the  surface 
of  the  copper,  the  metal  beii^  heated  far  above  its  melting-point,  covered  with 
charcoal-dust  When  cooled  sufficiently,  water  is  poured  on,  and  a  portion  of  the 
metal  tliuB  suddenly  solidified  admits  of  being  lifted  off  from  the  rest  of  the  molten 
mass  in  cakes  or  discs,  technically  known  as  rose  or  rosette-copper ;  this  operation  is 
repeated  until  the  crucible  contains  no  more  metal. 

^SjJJ^JgEil"  As  the  refining  of  copper  on  the  heorUi  has  been  found  to  yield  but 
|>oor  results,  another  contrivance,  shown  in  vertical  section  in  Fig.  23,  is  now  more 
generally  employed.    *  is  the  smelting-hearth ;  b  the  refining  crucible,  of  which  thera 
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are  two;  n.  the  opening  for  the  tuyere  of  the  blast;  I,  the  furnace.  The  mode  of 
operation  is  siiniUrto  that  juHt  given.  When  therefiningis  complete  the  molten  metal 
is  run  into  the  crncibleB,  and,  after  having  cooled  sufficiently,  water  is  sprinlded  on  and 
the  dines  of  rose-copper  lifted  off.  For  the  reason  that  in  this  kind  of  reverberatory 
furnace  the  copper  ia  not,  as  is  the  case  on  the  hearth,  in  contact  with  the  fuel,  the 
result  is  a  purer  metal. 

Uitnuinn  ProM«.  WhcH  the  copper  ores  contain  sUver,  the  black  copper  is  submitted, 
before  being  refined,  to  a  process  known  as  liquation,  unless  it  should  be  preferred  to 
extract  the  sUver  by  the  Zicrvogel  method  (see  Silver),  The  liquation  process  ia 
based  upon  the  fact  that  lead  and  copper  may  be  melted  together,  but  do  not  remain 
alloyed  an  cooling,  so  that  a  compound  is  formed  containing  much  more  copper  than 
lead,  the  remainder  of  the  lead  separating  and,  while  taking  np  the  silver,  settling 
down  in  consequence  of  its  specific  gravity.  When  the  molten  mass  is  slowly  cooled, 
the  lead  combined  with  the  silver  mns  off  after  the  solidification  of  the  copper ;  but 
if  the  molten  metals  are  rapidly  cooled,  an  intimate  mixture  of  the  two  takes  place. 
The  mode  of  aeparating  the  silver  from  the  lead  will  be  referred  to  when  treating  of 
the  former  of  these  metals. 

It  has  been  already  mentioned  that  the  refined  copper  resulting  from  the  above  processes 
oonlains  snboxide  of  that  metal,  wiiiah,  if  amoimtiiig  to  a  quantity  of  I'l  per  cent,  renders 
the  copper  unfit  for  use  at  ordinsry  temperatures,  by  impairing  its  ductility  and  m^lev 
bihty;  while  if  the  quantity  of  the  suboxide  amonuts  to  i(  per  cent,  the  metal  is  unfit  for 
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ose  both  cold  and  at  a  red  hest—tbat  is,  becomes  cold-  and  red-short.  This  condition  of 
the  metal  is,  in  Oermany,  termed  "  over-cooked,"  and  the  remedy  is  simply  to  melt  the 
copper  and  submit  it  to  what  is,  in  England,  technically  known  as  poling ;  that  ia  to  say, 
a  sufficiently  long,  stout,  and  green  piece  of  wood,  is  used  for  thoroughly  Btiiring  np  the 
molten  mass.  The  ralionaU  is  that  the  oarbon  and  hydrogen  contained  in  the  wood 
deoiidise  the  suboxide  at  the  high  temperature,  rendering  the  metal  very  malleable  and 
ductile,  me*""!;  it,  as  is  technically  termed,  toujiA.  A  sample  of  Hansfeld  lefiued  and 
tonghaiied  oopper  was  foasd  by  Dr.  Steinbeck  to  contain  in  loo  parts  :— 

Copper 94-37 

Silver     ooi 

Nickel 0-36 

Iron 0-05 

Lead       0-60 

iSC;:  ::  ;;  ;;  :;  ;;      ;;  °.S 


Owing  chiefly  to  the  possession  of  an  enormous  wealth  of  coal,  the 
fitel  moat  snited  for  the  reverberaloir  furnaces,  a  method  of  copper-smelting  peculiar 
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to  England  is  pnrgned,  and  n  meUl  obtained  of  a  very  superior  quality,  although  not 
so  good  as  that  extracted  from  particular  ores  in  Kueaia  and  Australia.  Swansea  is 
the  chief  and  most  important  scat  of  tliia  iudustrj  in  tlie  United  Kingdom,  and  to  it 
copper  ores  arc  not  only  carried  from  Cornwall,  North  Wales,  Westmoreland, 
Anglesea.  and  other  portions  of  tlie  realm,  Ireland  iududcd,  but  are  imported  fmm 
Chili,  Pern,  Culm.  Norway,  Australia,  and  other  parts  of  the  world.  The  English 
ores  are  mainly  pyritical. 

The  chief  proceaaBB  of  this  mode  of  smelting  consiat  in — i.  Calcination  of  the  ore; 
3.  Smelting  lor  coaiee  metal;  3.  Calcination  of  cou-sc metal ;  4.  Making  of  white  metal,  a 
cuDoentration  procesB  in  which  calcined  cdbtbc  metal  is  smelted  with  rich  orosi  ;.  Prepa- 
tioD  of  the  bins  metal  by  amolting  together  calcined  coarse  metal  and  oslciued  ores  of 
medimu  riehness ;  6.  Preparation  of  a  red  and  white  metal  by  smelting  together  the  dogs 
of  the  previous  operations  ;  7.  Calcination  of  tbe  bine  metal  (5)  and  preparation  of  white 
extra  metal ;  S.  Calcination  of  the  white  extra  metal  and  preparation  of  the  concentration 
metal;  g.  Calcination  of  the  ordinary  white  metal  of  cnpriferona  residues  for  the  pnipose 
of  obtaining  blistered  copper.  Aocordiug  to  M.  GutU's  views,  all  these  oporationa  may  be 
reduced  to,  at  meet,  two  calcinations  and  three  smelting  operations,  viz.  :^i.  Colcinatioii 
of  the  previously  pulverised  ores  with  the  addition  of  common  salt,  or  of  chloride  of 
oalcinm,  to  form  volatile  chlorides;  x.  The  smelting  of  calcined  ores  and  obtaining  a  more 
hqnid  alag  and  a  coarse  metal ;  3.  The  calcination  of  ooorse  metal  by  the  aid  of  a  blast  tor 
tbe  production  of  blistered  copper  with  or  without  the  addition  of  chlorides;  4.  Befining 
and  toughening  the  bhstered  copper. 

oidnini, «  bouUdi      TMs  Operation  oa  carried  on  at  Swansea  does  not  materially  differ 
ihiOi»  from  that  pursued  on   the  Continent.      Ko  very  appreciable  loss  of 

weight  is  experienced,  as  tbe  weight  of  the  oxygen  taken  up  compensates  tor  the  loss 
occasioned  by  the  more  or  less  complete  volatilisation  of  tbe  snlphnr,  antimony,  arsenie, 
Ac.  The  roasted  ore  is  blacit,  this  colonr  being  dne  to  the  oiideB  of  iron  and  copper. 
Dm^g  the  roasting  heavy  white  fumes  areomitted.consistiui;  of  sulphurous  and  arseniouB 
acids  mixed  with  other  substances ;  more  recently,  calcining  fumacea  have  been  con- 
structed on  Oerstonhofer's  patent  system,  so  as  to  admit  of  the  utilisation  of  the  sni- 
pbuTons  acid  for  the  manufacture  of  sulphuric  acid. 

Bmritis)  iiH  om.  TluB  Operation  is  effected  at  Swansea  in  a  furnace  of  nhicb  Fig.  34 
exhibits  a  sectional  view,  s  is  a  tunnel  intended  for  the  introduction  of  the  roasted  ore ; 
a  is  an  ash-pit  filled  with  cold  water.    Tbe  object  in  view  is  to  separate  tbe  ores  from 

Fia.  24. 


the  gangne  as  weU  as  from  oxides  other  than  that  ol  copper,  by  oansii^  the  sulphnr  of  the 
sulphurets  remuning  ondecomposad  to  act  npon  a  portion  of  the  oxides  and  sulphates  in 
Boeh  a  manner  that  these  arc  either  tahen  up  h^  the  slag,  as,  for  instance,  the  oxide  of 
iron,  or  arc  again  rednced  to  sulphide,  as  the  oiide  and  snlphate  of  copper.  At  a  higher 
temperature  the  oxide  of  copper  is  rednced  to  tbe  metolUo  state  by  the  action  of  the 
sulphuiets  of  iron  and  copper,  oiide  of  iron  forming,  and  the  metoUio  oopper  being  partly 
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taken  up  by  the  rogolns,  partly  converted  into  Buboxide  again  by  the  peroxide  of  iron, 
which  is  converted  into  protoxide  and  dissolved  by  the  siliceous  matter.  The  product  of 
the  first  stage  of  the  smelting  is  a  coarse  metal,  regulus. 

BoMting  or  (Wcininj?      The  Toasting  of  the  coarse  metal  is  performed  in  the  reverberatory 
the  coanM  Metal.     fuTuaoe  used  for  the  first  calcination  of  the  ores.     The  objects  in  view 
are  the  oxidation  of  any  metallic  iron  present,  and  the  partial  volatilisation  and  combus- 
tion of  the  sulphur,  partial  only,  for  otherwise  the  smelting  for  white  metal  would  be 
impeded  or  not  performed  without  serious  loss  of  copper. 

smaitiiui  for  White      ^1^8  operation  oonsists  in    mixing  the   previously  calcined  coarse 
MetaL  metal  with  rich  copper  ores  containing  hardly  any  sulphuret  of  iron, 

but  consisting  chiefly  of  the  sulphide  and  oxide  of  copper  mixed  with  quartz  in  such  pro- 
portion that  the  pyrites  (copper)  is  oxidised  by  the  oxygen  of  the  oxides  present,  the  result 
being  that  all  the  copper  combines  with  the  coarse  metal,  while  the  protoxide  of  iron 
forms  with  the  quartz  ^cate  of  protoxide.  The  white  metal,  almost  entirely  consisting 
of  (CuaS),  is  run  into  cakes  in  sand-moulds. 

BUctored,  or  cnido       The  white  metal  obtained  is  converted  into  blistered  copper  by  placing 
c^jpp".  it  on  the  hearth  of  a  reverberatory  furnace  and  causing  the  fire  to  act  at 

first  rather  gently,  but  afterwards  so  as  to  fuse  the  mass,  the  total  duration  of  the 
process  for  each  charge  being  12  to  14  hours;  the  result  is  the  volatilisation  of  the 
sulphur  in  the  form  of  sulphurous  acid,  and  the  elimination,  partially  by  volatilisation, 
partially  by  their  being  taken  up  in  the  slag,  of  such  impurities  as  arsenic,  cobalt,  nickel, 
tin,  iron,  <&c.  When  the  mass  becomes  fused,  suboxide  of  copper  and  sulphide  of  copper 
mutually  decompose,  the  result  being  the  formation  of  sulphurous  acid  and  metallio 
copper,  (2Cu20+Cu2S  =  S02+6Gu). 

The  molten  coarse  metal,  impure  copper  as  yet,  is  run  into  moulds,  and  its  surface 
becoming  covered  with  black- coloured  vesicles,  due  to  the  escape  of  gases  and  vapours 
from  the  molten  metal,  it  is  termed  blistered  copper.  On  being  broken,  after  cooling,  it 
exhibits  a  honeycombed  structure,  due  to  the  same  cause  that  produces  the  blistered 
appearance  on  the  surface.    Blistered  copper,  as  usually  obtained,  is  comparatively  pure. 

Befininfr  the         The  last  Operation  in  the  English  method  of  copper-smelting  is  the 

BiiAeredMetai.  refining  of  the  blistered  metal  in  a  reverberatory  furnace,  care  being  again 
taken  to  fire  at  first  gently,  so  that  the  metal  shall  not  become  molten  until  after  some 
fiix  hours.  As  soon  as  the  entire  charge  is  thoroughly  melted  down,  the  slag,  rich  in  sub- 
oxide of  copper,  is  tapped  o£f  and  the  molten  metal  covered  with  charcoal-powder.  The 
operation  of  poling  (see  above)  is  then  performed,  birch-wood  being  preferred  for  the 
purpose ;  this  done,  tne  copper  having  been  run  into  moulds  of  a  rectangular  shape,  is 
known  as  refined  tough  cake. 

''fS^o3dlS%S.****'  Copper  is  readily  obtained  from  oxidised  ores  by  smelting  them 
in  a  shaft-fomace  with  coke  or  coal  and  such  fluxes  as  will  produce  a  slag  wliich  does 
not  absorb  copper.  The  crude  metal  obtained  is  refined  in  a  low  blast-furnace.  The 
smelting  of  oxidised  ores  is  limited  to  a  few  localities,  among  which  the  Oural  and 
Siberian  works  are  the  most  important.  Large  quantities  of  excelleut  and  very  rich 
oxidised  copper  ore  are  found,  but  not  as  yet  wrought,  in  the  Islands  of  Timor  and 
Timor-Laout  and  the  adjacent  islands  of  Polynesia. 

"'•'JrpSSSSSSilJ?'**  This  method  owes  its  existence  to  the  application  of  practical 
and  analytical  chemistry  to  metallurgy.  As  copper  is  very  readily  obtained,  even 
from  ores  too  poor  to  admit  of  being  treated  by  tlie  dry  process,  in  such  a  state  of 
eombination  as  to  admit  of  its  being  dissolved  in  water,  and  thrown  down  from  tliis 
solution  by  the  simple  presence  of  metallic  iron,  the  hydrometallurgical  process  is 
often  advantageously  applied.  One  of  the  oldest  of  hydrometallurgical  methods  is 
that  known  as  the  cementation-process,  performed  by  precipitating  copper  from  a 
solution  of  the  sulphate  of  the  metal  by  means  of  metallic  iron.  Solutions  of  the 
sulphate  occur  naturally  in  some  mines,  and  are  also  artificially  prepared  by  treating 
poor  oxidised  copper  ores  with  sulphurous  acid,  or  by  exhausting  these  ores  \Nith 
hydrochloric  or  dilate  sulphuric  acids,  or  by  roasting  pyritical  ores  and  exhausting 
them  with  water.  The  copper  obtained  by  this  process  is  called  cementation-copper. 
In  the  Island  of  Anglesea  the  cementation  liquid  is  conducted  first  into  large  basins 
in  order  that  the  ochrey  and  other  suspended  matters  may  subside,  and  afterwards  is 
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run  into  the  cementation-tanks  contaijiing  old  scrap-iron  intended  to  serve  as  a  pre- 
cipitating agent.  This  scrap-iron  is  occasionally  stirred  up,  so  as  to  renew  tlio 
metallic  surface  presented  to  the  solution.  The  muddy  liquid,  containing  spon;:^' 
metallic  copper  and  impurities,  is  rim  into  reservoirs  intended  for  the  deposition  of 
the  spongy  mass,  which,  after  the  supernatant  liquid  is  rim  off,  is  dried  in  a  furnace. 
The  material  contains  on  an  average  only  15,  but  may  contain  from  50  to  65  per 
cent  of  copper.  The  main  body  is  usually  composed  of  basic  sulphate  of  iron,  which  is 
effectually  removed  by  the  application  of  stirriug-machiuerj',  such  as  is  used  in 
breweries  in  the  mash-tubs.  At  Rio  Tinto,  Spain,  and  at  Schmollnitz,  Himgar>', 
cementation-copper  is  prepared  on  a  very  largo  scale.  In  Norway,  copper  solutions 
are  treated,  according  to  Sinding's  plan,  with  sulphuretted  hydrogen,  and  tlie  precipi- 
tate either  worked  up  for  metallic  copper  or  for  sulphate  of  copper. 

Instead  of  sulphur,  large  quantities  of  iron  pyrites  containing  more  or  Icbs  copper  aro 
burnt,  and  the  sulphurous  acid  obtained  appUed  in  the  manufacture  of  Bulphuric  acid. 
The  spent  pyrites  is  frequently  treated  hydromotallurgicaUy  with  a  solution  of  chloride  of 
iron,  the  copper  being  precipitated  by  means  of  sulphuret  of  iron.  Poor  ochrey  copper 
ores  are  often  worked  up  to  obtain  sulphate  of  copper  by  some  method  suitable  to  the 
locality;  for  instance,  roasting  with  iron  pyrites  or  with  copperas.  It  pays  in  some 
instances  to  roast  pjTitieal  copper  ores,  and  after  roasting  to  treat  them  for  obtaining; 
cementation-copper. 
Oomnsr  obtained  by  Copper  clectrolytically  precipitated  is,  provided  pure  materials  aro 
Voltaic  Electricity,  operated  upou  and  the  galvanic  current  not  too  strong,  the  purest 
obtainable.  This  method  has  been  proposed  and  even  tried  on  a  large  scale  in  Italy  in 
order  to  save  time  and  iron,  and  to  throw  down  the  copper  of  the  cementation-tanks. 
It  is  a  generfdly  known  and  daily  applied  fact  that  copper,  as  a  coherent  mass,  can  be 
separated  from  sulphate  of  copper  electrolyticaUy. 

ProperUeBof  Copper.  The  peculiar  and  really  beautiful  red  colour  of  copper,  the  only  metal 
BO  distinguished,  is  too  well  known  to  need  mention.  It  is,  although  a  hard  and  tougli 
metal,  so  ductile  and  malleable  that  it  may  be  drawn  out  to  the  very  finest  wire  and 
beaten  to  extremely  thin  leaves.  Its  malleabihty  is  increased  by  increase  of  temperature, 
and  at  a  low  red-heat  it  con  be  hammered,  roUed,  and  beaten  into  any  required  shape.  Its 
fracture  is  granular.  Its  sp.  gr.  is  «■  8*9 ;  one  cubic  metre  weighy  about  8900  kilos.  Its 
melting-point,  according  to  Pouillet,  1200°;  to  Daniell,  1400".  The  latest  and  most 
careful  researches  on  this  topic  have  been  made  by  Dr.  von  Kiemsdijk  at  the  Utrecht  Mint, 
and  he  has  found  that  chemically  pure  copper  fuses  in  an  atmosphere  of  hydrogen  at 
1330° ;  that  is  to  say,  at  a  temperature  higher  than  the  melting-point  of  either  gold  or 
aUver,  as  simultaneously  determined  by  an  extensive  series  of  experiments  made  in 
atmospheres  of  hydrogen.  If  properly  poled,  as  the  term  runs,  or  in  otlier  words,  free 
from  suboxide,  copper,  when  molten,  flows  readily,  but  when  mixed  with  suboxide  the 
flow  is  sluggish.  While  in  the  molten  state  the  surface  of  themetal  exhibits  a  beautiful 
sea-green  colour.  Copper  is  not  suited  for  the  making  of  castings,  and  probably  this 
is  due  to  a  peouhar  effect  of  heat  upon  this  metal,  as  many  of  its  alloys,  especially  those 
with  tin,  are  very  suited  for  casting.  Molten  copper  suffers  great  expansion  on  cooling, 
and  becomes  honeycombed  and  internally  crystalline.  This  defect  can  only  be  remedied  by 
either  keeping  the  metal  while  molten  under  a  layer  of  charcoal,  or  by  cooling  it  to  some 
extent  before  casting  into  moulds,  which  should  be  made  of  a  good  conducting  material,  so 
as  to  cause  the  rapid  cooling  of  the  metal.  Iron  moulds,  internally  coated  with  a  layer  of 
bone-ash,  are  the  best.  Small  quantities,  o-i  per  cent,  of  zinc,  lead,  potassium,  and  other 
metals  added  to  the  molten  copper,  entirely  deprive  it  of  the  property  of  expanding  and 
becoming  honeycombed  on  cooling;  the  same  effect  is  observed  when  copper  holds  in 
solution  a  small  quantity  of  suboxide,  but  this  fact  is  not  available  for  any  practical  use,  as 
such  copper  is  cold-short.  Just  before  cooling  the  vessel  exhibits  the  phenomenon  of 
spirting,  the  flying  about  of  small  globules  of  copper,  accompanied,  if  large  quantities  of 
the  metal  are  treated,  -by  a  distinctly  audible  report.  This  phenomenon  appears  to  be 
due  to  a  cause  similar  to  that  producing  it  when  silver  is  operated  upon,  viz.,  the  violent 
expulsion  of  previously  absorbed  oxygen.  At  a  very  high  temperature  and  with  free 
access  of  air,  or  under  the  influence  of  electricity,  copper  bums,  giving  a  brilhant  green 
flame.  In  countries  where,  as  in  Sweden,  Russia,  and  Holland,  the  roofs  of  ohurches  and 
other  large  buildings  are  covered  with  copper — the  most  expensive  at  the  first  outlay,  but 
the  most  lasting  material  for  roofing  purposes — the  phenomenon  of  the  burning  of  copper 
is  now  and  then  witnessed  on  a  very  large  scale  when  lires  accidentally  occur.  Copper-fihngs 
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are  used  in  pyrotechny,  for  prodacing  a  green  flamo.  Dry  air  does  not  affect  copper, 
unless  sulphuretted  hydrogen  and  other  sulphurous  emanations  are  present ;  but  moist 
air  causes  the  copper  to  become  covered  with  carbonate  of  hydrated  suboxide  of  copper, 
verdigris,  or  rust.  Experience  has  proved,  in  the  case  of  copper  roofs,  that  this  material 
protects  the  subjacent  metal  and  adheres  to  it  with  great  tenacity.  "When  solid  masses  of 
copper  are  heated  they  at  first  assume  an  iridescent  rainbow  hue,  and  next  become 
covered  with  a  brownish-red  coloured  suboxide,  which,  if  the  heating  is  continued,  becomes 
black  oxide,  technically  known  as  copper-ash  or  copper-forge  scale.  In  order  to  remove 
this  oxide,  when  the  copper  is  to  be  rolled  into  sheets,  <&c.,  the  metal  is  dipped  into  what 
is  termed  a  pickle — a  solution  of  ammonia  and  common  salt,  and  on  being  taken  out  is 
brushed  with  a  heather-broom.  Copper,  as  usually  met  with  in  commerce,  is  not  by  any 
means  pure,  but  contains  variable  quantities  of  other  metals,  among  which  are  chiefly 
irdn,  antimony,  arsenic,  lead,  tin,  zinc,  and  sulphur  ;  Dr.  Beischauer  found  in  perfectly 
malleable  copper  no  less  than  1*48  per  cent  of  impurities  insoluble  in  nitric  acid.  If 
this  quantity  is  only  slightly  increased,  the  quality  of  the  copper  is  so  impaired  that  it  is 
not  only  unlit  for  being  rolled  and  hammered,  but  also  for  casting  statues  (always  alloyed), 
because  such  copper  loses  its  peculiar  colour  and  does  not  withstand  atmospheric  influ- 
ences. Copper  is  largely  used  for  various  purposes,  among  which  we  name  only  a  few — 
vacuum  and  other  pans  in  sugar- works;  distillery,  brewery,  and  other  apparatus;  for 
covering  wooden  sea-going  vessels,  and  for  a  variety  of  generally  weU-known  purposes. 
Dr.  Steinbeck  found  that  reflned  Mansfeld  copper,  analysed  1868,  contained  in  100  parts — 

Copper 99-28 

Silver      0*02 

Nickel      0*32 

Iron 0'q6 

Lead       0*12 
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The  total  annual  production  of    copper  over  the  entire  globe  amounts   (1870)   to 
1,300,000  cwts.,  of  which  England  alone  yields  fully  350,000  cwts. 

Alloy*  of  coppw.  There  are  several  alloys  of  copper,  among  which  bronze,  brass,  and 
Gennan,  or  nickel  silver,  are  the  chief. 

BroDj^  Alloys,  consisting  of  copper  and  tin,  or  of  copper,  tin,  and  zinc,  or  of  copper 
and  alnmininm,  all  bear  the  name  of  bronze.  The  addition  of  any  of  these  metals  to 
copper  renders  it  more  fluid  when  molten,  and  hence  better  suited  for  castings,  as 
well  as  denser  and  consequently  more  easily  polished;  alloys  are  harder,  more 
sonorous,  and  (the  aluminium  alloy  excepted),  far  cheaper  than  copper  itself. 
The  addition  of  from  0*12  to  050  per  cent  of  phosphorus  to  these  alloys  renders  them 
more  homogeneous  and  malleable.  The  cliief  varieties  of  bronze  in  use  are  kuo>vu  as 
(a)  bell-metal,  03)  gun  metal,  and  (y)  statuary  metal. 

(a).  Bell-metal  consists  on  an  average  of  78  parts  of  copper  and  22  parts  of  tin.  It 
rfiould  be  sonorous,  hard,  and  strongly  cohesive.  Being  a  brittle  alloy  it  cannot  bo 
worked  on  the  lathe ;  hence  the  desired  sound  or  musical  note  of  a  beU  depends 
entirely  upon  the  shape  given  in  the  casting  and  upon  the  constituents  of  the  alloy. 
In  order  to  save  tin,  zinc  and  lead  are  sometimes  added,  but  too  much  of  those 
impairs  the  goodness  of  the  alloy.  It  is  an  error  to  mix  silver  with  this  alloy,  in 
order  to  render  it  highly  sonorous  ;  analyses  made  of  bell- metal  cast  in  the  middle 
tges  in  Tarious  oountries,  prove  the  absence  of  silver  from  such  metal,  traces  only 
being  present  as  an  imparity. 

03).  Gun-metal  consists  on  an  average  of  90  parts  of  copper  and  9  of  tin.  This 
alloy  should  combine  mechanical  and  chemical  durability.  As  regards  its  mechnnical 
properties,  the  metal  should  be : — i .  Tough,  so  as  to  prevent  the  piece  or^'gun  bursting 
while  the  charge  is  being  fired,  during  wliich  operation  tlie  metal  is  exposed  to  a  pres- 
sure of  from  1200  to  1500  atmospheres.  2.  Elastic,  so  that  the  gun  may  be  able  to 
yield  to  some  extent  to  the  smart  shocks  occasioned  by  the  evolution  of  gas  during 
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firing.  3.  Hard,  so  that  tlie  motion  of  the  ball  should  not  cause  any  damage  to  the 
interior  of  the  gun.  As  regards  chemical  durability,  the  alloy  must  resist  the  action 
of  air  and  of  the  products  of  combustion  of  powder  and  gun-cotton  at  high  tem- 
peratures. Gun-metal  answering  these  requirements  is  unfortunately  subject  to  what 
is  termed  liquation ;  that  is  to  say,  while  in  the  molten  state  it  separates  into  two 
qualities  of  alloy,  one  more  fluid  and  containing  more  tin  than  the  other.  This  separa- 
tion makes  the  casting  of  guns  in  this  alloy  a  difficult  matter,  because  the  homoge- 
neity of  the  mixture  is  uncertain.  It  appears,  however,  that  the  addition  of  from 
0*12  to  o'5  per  cent  of  phosphorus  remedies  the  defect.  Gun-metal,  however,  is  fast 
being  superseded  by  steel  in  the  manufacture  of  ordnance.  MM.  Maritz,  at  the 
Hague,  have  for  several  generations  been  renowned  for  the  superiority  of  their  gun- 
metal  manufacture,  which  is  still  pursued  by  them.  According  to  a  statement  in  the 
"  Handworterbuch  der  Chemie "  (Art.  "  Geschiitz-metall,")  the  alloy  employed  by 
them  consists  of  069  per  cent  Fe,  88*61  per  cent  Cu,  and  1070  per  cent  Sn ; 
generally  the  quantity  of  tin  amounts  to  from  9  to  11  per  cent. 

(7.)  Statuary -bronze  for  ornamental  purposes  consists  of  copper,  tin,  lead,  and  zinc. 
It  is  requisite  that  while  molten  this  alloy  should  be  very  fluid,  so  as  to  till  every  part 
of  the  mould.  After  cooling,  the  metal  must  admit  of  being  chiselled,  and  by  expo- 
sure to  air  it  should  assume  what  is  termed  patina — a  peculiar  greenish-black  hue. 
The  statue  of  Louis  XIV.  at  Paris,  made  1699,  consists  of — Copper,  91*40 ;  zinc,  553  ; 
tin,  170;  lead,  1*37.  The  statue  of  Henri  IV.  on  tlie  Pont  Nceuf  at  Paris,  consists 
of — Copper,  8962 ;  zinc,  4020;  tin,  570;  lead,  048.  Aluminium-bronze  (90  parts 
copper  and  10  aluminium)  is  used  for  various  ornamental  purposes,  chiefly  in 
imitation  of  gold. 

Bnws.  This  alloy  has  been  known  from  a  very  remote  period.  Zinc  and  copper 
form  various  alloys,  but  brass  only  is  technically  applied,  and  contains  on  an  average 
30  per  cent  of  zinc.  The  colour  of  the  alloy  is  inclined  to  red,  when  the  quantity  of 
zinc  is  small,  and  to  yellow  or  whitish-yellow  when  the  quantity  of  zinc  is  increased. 
The  ductility  and  malleability  of  the  alloy  increase  with  the  quantity  of  copper. 
Brass  may  be  hammered,  rolled  into  sheets,  or  drawn  to  wire  while  cold,  but  cannot 
be  worked  hot.  The  so-called  yellow  metal,  Muntz's  patent,  an  alloy  of  40  parts  of 
zinc  and  60  of  copper,  may  be  wrought  while  red-hot,  rolled  into  sheets,  and  forged 
into  bolts.  It  is  chiefly  used  for  marine  purposes,  including  the  internal  lining  of 
air-pumps  of  marine  steam-engines.  Brass  is  not  so  readily  oxidised  as  copper,  being 
harder,  tougher,  more  easily  fusible,  and  more  fluid  wliile  molten.  It  solidifies 
without  becoming  honey-combed,  and  hence  is  suited  for  making  all  kinds  of  castings ; 
while  simply  by  the  addition  of  from  i  to  2  per  cent  of  lead,  it  is  capable  of  being 
readily  worked  on  the  lathe,  and  may  be  then  filed  without,  as  it  otherwise  does, 
clogging  the  teeth  of  the  file. 

Brass  is  made  by  any  of  the  following  methods : — i.  By  melting  together  a  mixture  of 
calamine  stone  and  black  or  blistered  copper  under  a  layer  of  charcoal.  2.  By  simply  melting 
together  zinc  and  refined  copper.  The  first  method  is  the  oldest,  and  is  still  carried  on 
in  furnaces  arranged  so  that  they  may  contain  from  7  to  9  fire-clay  crucibles  at  the  same 
time.  These  crucibles  are  filled  with  the  necessary  materials,  viz.,  previously  roasted 
zinc  ore,  or  residues  from  zinc-smelting  furnaces,  and  copper.  As  by  the  use  of  calamine 
stone,  only  some  27  to  28  per  cent  of  zinc  can  be  imparted  to  the  alloy,  it  is  usual  to  add, 
previously  to  pouring  out  the  molten  alloy,  another  quantity  of  calamine  stone,  rather  to 
prevent  any  loss  of  zinc  by  ignition  than  to  increase  the  quantity  of  that  metal.  In 
former  times  the  manufacture  of  brass  was  carried  on  in  two  distinct  operations,  one 
being  the  preparation  of  an  alloy  containing  only  20  per  cent  of  zinc,  known  as  aroo- 
smelting,  and  the  other  the  conversion  of  the  arco  into  brass  by  a  second  smelting  and  the 
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addition  of  zino.  At  the  present  time  the  manufacture  of  brass  consists  in  simply 
placing  alternate  layers  of  copper  and  zinc  in  fire-clay  or  graphite  crucibles,  and  then 
smelting  the  two  metals  under  a  thick  layer  of  charcoal.  The  alloy  is  cast  in  granite 
moulds  surrounded  by  a  thick  coating  of  clay  and  cow-dung,  or  sand-moulds.  Occasion- 
ally sheet-copper  is  conyerted  into  brass  by  exposing  the  sheets  to  the  fumes  of  metallic 
zinc.  Among  brass  alloys  we  may  notice  the  following : — Tomback,  or  red  brass,  con- 
sisting of  85  parts  of  copper  and  15  of  zinc.  Dutch-gold — a  gross  misnomer,  as  none  of 
it  is  made  in  Holland,  and  as  the  term  really  applies  to  a  very  pure  gold  coin,  the  ducat, 
still  made,  although  not  current,  in  HoUand,  at  the  Utrecht  IBtOnt.  The  brass  alloy  thus 
named  consists  of  11  parts  of  copper  and  2  of  zino,  and  is  made  chiefly  at  Niimberg  and 
Furth,  Bavaria,  for  the  purpose  of  being  beaten  into  very  thin  leaves.  The  alloy  termed 
Aicb-metal,  and  consisting  of  60  parts  of  copper,  38*2  parts  of  zinc,  and  1*8  parts  of  iron, 
is  in  reaUty  malleable  brass.  Sterro-metal,  though  very  much  harder.  Is  similar  to  the 
foregoing  in  composition. 

The  well-known  yellow,  or  Muntz,  metal,  largely  used  in  this  country  for  marine 
purposes,  coating  ships,  &c.,  is  an  alloy  of  copper  and  zinc  in  proportions  varying  from 
50  per  cent  of  zinc  and  63  of  copper,  to  39  per  cent  of  zinc  and  50  per  cent  of  copper. 
The  alloy  in  use  for  coins  of  small  value  in  this  country,  France,  and  Sweden,  consists  of 
95  parts  of  copper,  4  parts  of  tin,  and  i  of  zino.  The  alloy  used  for  this  purpose  in  Den- 
mark consists  of  90  parts  of  copper,  5  of  tin,  and  5  of  zinc.  Bath-metal,  or  white  brass, 
consists  of  55  parts  of  copper  and  45  of  zinc.  An  alloy  used  for  buttons  consists  of 
20  parts  of  copper  and  80  parts  of  zinc.  The  bronze  colours  (powdered  alloys  of  copper 
and  zinc),  now  largely  used  for  bronzing  painted  surfaces,  as  well  as  for  llthochromy  and 
various  other  purposes,  are  obtained  from  scraps  of  metal  rubbed  down  with  oil,  tallow, 
or  wax,  and  turpentine.  The  various  beautiful  colours,  violet,  copper-red,  orange,  gold- 
yellow,  green,  are  due  to  partial  oxidation.  These  bronze-colours  are  not  to  be  con- 
founded with  a  beautiful  substance  known  as  mosaic  gold — aurum  musivwn — bisulphide  of 
tin.    Analyses  show  the  proportions  in  these  alloys  to  be— 

For  bright  colours {^^PP-    ;;     f3 

For  red  or  deeper  colours   ..{^OPP"    ;;     94-9° 

For  copper-red  colours        . .  loo 

(Chemical  analysis  has  also  proved  the  quantity  of  copper  to  amount  to — 

a.  In  French  bronzes  :        Copper-red  colour . .      ..  97*32  per  cent 

Orange 9444      „ 

Bright  yellow        ..     ..  81-29      ». 

/3.  In  English  bronzes  :      Orange 90-82 

Deep  yellow 82-37 

Bright  yellow         . .      . .  80-42 

y.  In  Bavarian  bronzes :      Copper-red     98*92 

Violet      98-82 

Orange 9530 

Deep  yellow 81-55 

Bright  yellow        . .     . .  82*34 

QcmiMjO^Niekei  German,  or  nickel  silver,  also  called  Argentan,  packfong,  or  wlilte 
copper,  is  an  alloy  of  copper  witli  nickel  and  zinc,  or  tin,  and  may  be  considered  as  a 
brass  to  which  from  one-sixth  to  one-third  of  nickel  has  been  added,  lliis 
alloy  appears  to  have  been  known  in  China  from  a  very  remote  period  ;  in  Europe  it 
has  been  more  generally  in  use  during  the  last  thirty  years.  The  colour  is  nearly 
silver-white ;  its  fracture  small-grained  and  compact ;  sp.  gr.  =  8*4  to  87.  It  is 
harder,  but  yet  quite  as  ductile  as  ordinary  brass,  and  takes  an  excellent  polish.  It 
is  prepared  by  melting  together  the  granulated  metals,  zinc,  copper,  and  nickel; 
these  metab  are  put  into  a  crucible  in  such  a  manner  that  copper  is  at  the  bottom  as 
well  as  the  top,  while  a  layer  of  charcoal-powder  covers  the  whole.  Care  is  taken  to 
stir  the  mass  with  an  iron  rod.  Nickel-silver  of  good  quality  has  the  appearance  of 
a  silver  alloy,  containing  one-fourth  of  copper.  Nickel-silver  is  capable  of  assuming 
an  excellent  polish,  and  is  not  readily  acted  upon  by  vinegar  and  the  ordinary  acids 
in  culinary  use ;  hence  it  is  used  for  spoons  and  forks. 
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Average  G^rman-Bilver  consists  of — 

Copper      50 — 66'o 

Zinc ig — 3i'0 

Nickel       13 — 18*5 

At  Sheffield  the  following  varietiee  of  this  alloy  are  made : — 

Copper.     Nickel.         Zino. 

Common 8  2  3*5 

Wliito 8  2  3*5 

Electnim 8  4  3*5 

Infusible 8  6  3*5 

Tutenac      8  3  6*5 

When  tried  on  the  touchstone,  nickel-silver  is  hardly  distinguishable  from  the 
silver  alloy  just  mentioned,  but  on  applying  nitric  acid  to  the  streak  caused  by  the 
nickel  alloy,  it  is  more  rapidly  dissolved,  and  by  adding  a  few  drops  of  chloride  of  sodium 
solution  no  turbidity,  or  precipitate  of  chloride  of  silver,  is  produced  on  the  stone. 
The  alloy  known  as  Alf6nide,  used  for  making  tea-pots,  sugar-basins,  milk-ewers,  and 
similar  articles,  is  nickel-silver,  tliickly  electro-plated  with  pure  silver,  the  quantity 
of  silver  amounting  to  about  2  per  cent.  The  alloy,  known  as  tiers-argent  (one-third 
silver),  consists,  according  to  Dr.  C.  Winkler's  analysis  (see  "Chemical  News," 
vol.  xxii.,p.  225),  of — Copper,  59'o6 ;  silver,  27'56;  zinc,  957;  nickel,  3'42. 

Since  1850  the  Swiss  Confederation  has  brought  into  circulation  a  series  of  small  coins 
(nionnaie  billon)  ^  which  contain  in  1000  parts : — 

Silver.  Copper.  Zinc.  Nickel. 

Pieces  of  20  Happen  . .         150  500  250  100 

„       10      „  ....         100  550  250  100 

,,        5       ».  ....  50  600  250  100 

These  coins  are  not  turned  red  by  wear,  but  assume  a  yellowish  hue.  In  Belgium  the 
5,  10,  and  20  centime  pieces  are  made  of  an  alloy  of  25  parts  of  nickel  and  75  parts  of 
copper ;  whUe  the  United  States'  cent  pieces  contain  12  parts  of  nickel  and  88  of  copper. 
The  alloy  known  on  the  Continent  as  Suhler's  white  copper,  consists  of  88  parts  of  copper, 
8*75  parts  of  nickel,  and  175  parts  of  antimony. 

Amalgam  of  Copper.  By  the  name  of  metaUic  cement  is  understood  an  amalgam  of  30  parts 
of  copper  and  70  parts  of  mercury.  It  is  obtained  by  moistening  pulverised  copper, 
obtained  in  a  spongy  state,  by  reducing  its  oxide  at  a  low  red  heat,  by  means  of  hydrogen 
with  nitrate  of  suboxide  of  mercury,  care  being  taken  to  incorporate  this  saline  solution 
thoroughly  with  the  copper,  while  adding  hot  water.  This  cement,  at  first  soft,  hardens 
in  a  few  hours.    It  has  been  successfully  applied  in  stopping  decayed  teeth. 

Preparations  of  Copper. 

sia^lSe  o?oopp«r.  '^^^  ^^*  ^^  ^^^  ^^^  natuxaUy  in  kidney-shaped  masses,  or  as  an 
outer  covering  of  minerals  containing  copper,  as  well  as  in  solution,  as  referred  to 
under  Cementation-copper.  Sulphate  of  copper,  blue-  or  Cyprus-vitriol,  crystallises 
in -the  shape  of  triclinohedrical  blue-coloured  crystals,  soluble  in  2  parts  of  hot  and 
4  of  cold  water,  and  insoluble  in  alcohol.     100  parts  of  the  salt  contain : — 

Sulphuric  acid       32*14 

Oxide  of  copper 3i*79 

Water      36*07 

Formula :— CuS04+5HaO. 

^KvitriiL'  Chemically-pure  sulphate  of  copper  is  obtained  by  heating  metallic 
copper  with  concentrated  sulphuric  acid ;  the  metal  is  oxidised  by  a  portion  of  the  oxygen 
of  the  acid,  while  sulphurous  acid  escapes,  (Cu -f  2HaS04 = CUSO4 + 2H2O + SO2) .  If 
the  metal  is  previously  converted  into  oxide  of  copper  by  exposure  to  a  red  heat,  only 
half  the  quantity  of  sulphuric  acid  is  required.     Sulphate  of  copper  is  manufactured 
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on  a  large  scale  by  any  of  the  following  processes : — i.  By  Ihe  e^aporaitioii  of  oemea- 
tatdon-water  until  crystallisation  is  attained.  2.  By  heating  siheeta  of  oopper  in  a 
reverberatory  furnace  to  the  boiling-point  of  sulphur;  a  quantity  of  that  element 
being  then  thrown  in,  and  the  flues  and  other  openings  closed,  the  effect  is  the  forma- 
tion of  sulphide  of  copper  (CuaS),  which  is  converted  by  a  comparatively  low  heat 
and  the  action  of  the  oxygen  of  the  air  into  sulphate  (Cu«S+50-sCuS04+OuO). 
The  mass  is  next  placed  in  a  suitable  vessel,  and  as  much  sulphuric  acid  is  added  to 
it  as  is  sufficient  to  saturate  the  oxide  of  copper.  The  clear  solution,  having  been 
decanted  from  the  insoluble  residue,  is  set  aside  for  crystallisation.  3.  By  treating 
the  cmde  copper  obtained  by  smelting  the  ores,  and  containing  about  60  per  cent  of 
metal,  with  sulphuric  acid.  Tlie  resulting  solution  is  evaporated  in  leaden  vessels, 
and  the  clear  liquid  left  to  crystallise  in  copper  pans.  From  the  mother-liquor  of  the 
crystals  metallic  copper  is  precipitated  by  means  of  iron,  because  the  presence  of  a 
large  quantity  of  sulphate  of  iron  renders  this  mother-liquor  unfit  for  the  further 
making  of  blue-vitrioU  This  method  of  obtaining  sulphate  of  copper  is  the  least 
expensive,  but  the  salt  is  not  quite  pure,  containing,  according  to  M.  Herter's  analysis 
<:»f  Mansfeld  blue-vitriol,  about 3  per  cent  of  sulphate  of  iron,  and  0083  per  cent  of 
metallic  nickel.  Very  frequently  the  scraps  aud  refuse  of  copper- smithies,  copper- 
Hcale,  and  other  residues  of  that  metal,  are  used  in  preparing  sidphate  of  copper. 

4.  At  Marseilles,  malachite  is  dissolved   in  sulphuric   acid  to   obtain  blue-vitriol. 

5.  In  Norway,  iron  pj'rites  containing  copper  are  roasted  and  treated  with  water,  the 
copper  contained  being  precipitated  with  sulphuretted  hydrogen,  and  the  sulphide  of 
copper,  when  dry,  converted  into  sulphate  by  exposure  to  a  gentle  heat.  6.  Large 
quantities  of  sulphate  of  copper  are  obtained  as  a  by-product  of  silver-refining,  espe- 
cially when  silver  is  treated  for  the  pm-pose  of  extraxitiug  the  gold  it  contains,  by 
boiling — usually  silver  coins,  chiefly  Mexican  and  Peruvian  dollars — with  strong 
Rulpliuric  acid ;  sulphate  of  silver  and,  as  the  coins  contain  some  copper,  the 
sulphate  of  that  metal,  are  formed,  while  the  gold  is  left  as  an  insoluble  substance. 
The  silver  is  reduced  to  the  metallic  state  (Ag2S04+Cu  =  CuS04-f  2Ag)  by  means  of 
nheets  of  copper  placed  in  the  acid  solution,  wliich  is  previously  diluted,  and  which, 
after  having  been  decanted  from  the  sediment,  spongy  metallic  silver,  yields  on 
e^poration  a  very  pure  sulphate  of  copper.  7.  Sulphate  of  copper  is  also  obtained 
as  a  by-product  of  the  hydrometallurgical  process  of  extracting  silver,  or  Ziervogel's 
process.  In  order  to  separate  tiie  sulphate  of  iron  from  the  crude  blue  vitriol,  as 
obtained  at  copper-smelting  works  from  various  cupiiferous  refuse,  the  crude  salt  is 
roasted  so  as  to  bring  about  a  partial  decomposition.  By  this  means  the  sulphate  of 
iron  is  decomposed,  and  the  oxide  of  that  metal  formed  is  insoluble  in  water.  The 
saline  mass  is  dissolved  in  water,  and  the  clear  solution,  decanted  from  the  sediment, 
evaporated  to  crystallisation.  According  to  Bacco's  plan,  the  crude  blue-vitriol  is 
dissolved  in  water,  and  carbonate  of  copper  added  to  the  solution,  to  cause  the  preci- 
pitation as  oxide  of  all  the  iron  present,  while  an  equivalent  quantity  of  oxide  of 
copper  is  dissolved  and  converted  into  sulphate.  The  purified  sulphate  of  copper 
solution  having  been  filtered  is  evaporated  and  left  to  crystallise. 

Doau*  vttrioL  Under  the  name  of  double-vitriol,  a  mixture  of  the  sulphates  of  copper  and 
iron  crystallised  together,  and  sometimes  containing  white  vitriol,  is  met  with  on  the 
CootiDent.  The  Salzburg  vitriol,  known  by  the  brand  of  a  double  eagle,  contains 
about  76  per  cent,  the  Admont  83  per  cent,  and  the  double  Admont  80  per  cent  of 
sulphate  of  protoxide  of  iron.  Of  later  years,  however,  these  vitriols  have  been  less  in 
demand. 
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Apt>uc8t!on»  of  Afl  the  base  of  the  pigments  obtamable  from  copper,  the  snlphate  is  very 
Blue-Vitriol,  frequently  used,  and  should  be  pure,  or  at  least  free  from  the  sulphates  of 
iron  and  zinc.  Blue-vitriol  also  serves  for  the  manufacture  of  acetate  of  copper,  for 
bronzing  iron,  for  bringing  out  the  colour  of  alloys  of  gold.  It  is  used  in  dyeing  and 
printing  in  various  ways,  for  galvano-plastic  purposes,  and  during  the  last  twenty  years 
large  quantities  of  this  salt  have  been  sent  to  Mexico  and  Peru  to  be  applied  in  the 
American  amalgamation-process  of  extracting  silver. 

Copper  Pii?in«nt«.  Among  the  many  pigments  which  owe  their  blue  or  green  colour 
essentially  to  copper,  we  may  treat  of  the  following : — i.  Brunswick-green.  2.  Bremen- 
green  and  Bremen-blue.  3.  Casselmann's-green.  4.  Mineral-green.  5.  Schweinfurt- 
green,  also  known  as  emerald -green.  Many  of  the  pigments  mentioned  here  by  their 
German  names  are  known  in  this  countrj-^  by  other  denominations,  but  are  not  for 
that  reason  any  different  in  composition. 

Bnmswick-Gn»en.  Under  this  namo  several  compounds  of  copper  are  applied  as  oil-paints. 
The  pigment  now  chiefly  in  use  bearing  this  name  is  basic  carbonate  of  oxide  of  copper 
(CUCO3-HCUH2O2),  an  imitation  of  mountain-  or  mineral-green,  and  obtained  from  either 
finely  pulverised  malachite  or  the  sediment  often  met  with  in  cupriferous  cementation- 
liquids.  Brunswick-green  is  prepared  on  a  large  scale  by  the  decomposition  of  sulphate  of 
iron  by  means  of  either  carbonate  of  soda  or  carbonate  of  lime,  and  in  other  cases  by  the 
decomposition  of  chloride  of  copper  by  means  of  a  carbonated  alkali.  The  ensuing  preci- 
pitate is  washed  with  boiling  water,  and  afterwards  mixed  with  a  smaller  or  larger  quan- 
tity of  sulphate  of  baryta,  zinc-white,  or  gypsum,  and  frequently  with  Schweinfurt-green 
(aoeto-arsenite  of  copper)  in  order  to  obtain  the  desired  hue.  Another  variety  of  Bruns- 
wick-green, rarely  met  with  in  the  present  day,  appears  to  be  a  kind  of  artificially-prepared 
atacamite,  an  oxychloride  of  copper,  the  formula  of  which  is,  according  to  Bitthausen, 
CuCl2,3CuO-f3H20. 

ifre^^^nSreen.'      Thcsc  substanccs  are  essentially  hydrated  oxide  of  copper,  and  are 

met  with  as  a  very  bright  blue  spongy  mass  with  a  greenish  hue.     The  value  is 

greater  according  to  the  finer  blue  colour  and  loose  spongy  texture.     WTien  used  vdHi 

water,  gum,  or  glue,  this  pigment  yields  a  bright  blue  colour,  hence  its  first  name ; 

but  when  it  is  mixed  with  linseed-oil,  the  blue  colour  turns  within  twenty-four  hours 

to  green,  in  consequence  of  the  saponification  of  the  oxide  of  copper,  wliich  becomes 

oleate,  palmitato,  and  linoxate  of  that  base.     Bremen-green  occurs  in  various  hues 

obtained  by  mixing  the  precipitate  with  well-cleansed  gypsum.     At  the  present  time 

the  pigment  is  generally  obtained  from  oxychloride  of  copper  (CuCla,3CuO  +  4H20). 

This  preparation  may^  be  made  in  various  ways,  provided  care  be  taken  that  the 

light  green  paste — technically  known  as  oxide — contains  no  protochloride  of  copp|r 

(CU2CI2) .     Gentele's  method  is  as  follows : — 

I.  112*5  kilos,  of  common  salt,  and  iii  kilos,  of  sulphate  of  copper,  both  free  from  iron, 
are  ground  together  with  sufficient  water  to  promote  reaction.  2.  112*5  kilos,  of  old 
copper  sheeting  is  cut  into  pieces  a  square  inch  in  size,  and  placed  with  water  acidulated 
with  sulphuric  acid  in  rotating  casks  so  as  to  remove  all  rust,  oxide  and  oxychloride,  from 
this  metal,  which  is  next  washed  with  water.  3.  The  clean  metal  thus  obtained  is  next 
placed  in  what  is  known  as  oxidation-closets  and  covered  for  a  thickness  of  half-an-inoh 
with  the  paste  mentioned  above.  A  mutual  action,  aided  by  that  of  the  atmosphere,  is 
set  up,  the  result  being  that  the  chloride  of  copper  first  takes  up  copper,  becoming  proto- 
chloride ;  this  in  its  turn  takes  up  oxygen  from  the  atmosphere  and  water,  and  thus  beoomM 
converted  into  the  green -coloured  insoluble  basic  hydrated  oxide  of  copper,  the  action  being 
greatly  aided  by  the  turning  over  of  the  mass  with  a  copper  spade  every  two  or  three  days. 
As  the  treatment  of  protochloride  of  copper  with  alkalies  or  alkaline  earths  gives  rise  to  the 
separation  of  red  or  yellow-coloured  suboxide,  the  mass  should  not,  on  being  tested  and 
previous  to  further  operations,  yield  even  the  faintest  indication  of  the  presence  of  sub- 
oidde,  since  the  slightest  trace  would  spoil  the  hue  of  the  pigment  to  be  obtained ;  conse- 
quently in  some  works  the  pasty  mass  is  left  for  years  before  it  is  used  for  further  opera- 
tions. The  action  is  accelerated  by  causing  the  mass  to  become  dry  before  turning  it  over 
with  the  spado,  the  consequence  bomg  that  the  air  gets  thorough  access,  and  a  complete 
oxidation  is  obtained  in  about  throe  to  five  months  time.  The  mass  is  then  cleansed  with 
the  smallest  possible  quantity  of  water,  and  is  thus  separated  from  the  non-oxidised 
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metallic  copper.  4.  To  some  6  gallons  of  this  cleansed  material  are  added  6  kilos,  of 
hydrochloric  acid,  and  this  mixture  is  allowed  to  stand  for  about  two  days.  5.  Into  a 
tank  or  tub — the  blue  tub — are  poured  some  15  gallons  clear  colourless  potassa-lye.  This 
having  been  done,  the  acid  mixture  is  first  diluted  with  some  6  more  gaUons  of  water,  and 
then,  as  rapidly  and  expeditiously  as  possible,  poured  into  the  blue  tub,  the  mixture  being 
continuously  stirred.  The  result  of  this  last  operation  is  that -the  previously  basic  copper 
compound,  converted  by  HCl  into  neutral  cupric  chloride,  is,  when  brought  in  contact 
with  the  potassa,  converted  into  blue-coloured  oxyhydrate  of  copper  or  Bremen-blue, 
while  chloride  of  potassium  is  also  formed.  6.  After  the  mass  has  become  pasty,  it  is  left 
to  stand  for  a  couple  of  days,  and  then  thoroughly  washed  by  decantation  to  remove  the 
chloride  of  potassium.  The  cupric  oxyhydrate  is  then  put  on  cloth  filters,  kept  moist,  and 
exposed  to  the  air  for  some  time.  It  is  next  dried  at  a  temperature  of  from  30°  to  35", 
since  at  a  higher  temperature  the  hydrate  of  the  oxide  by  losing  its  water  becomes 
blackish-brown  coloured.  It  is  clear  that  Bremen-blue  can  be  differently  obtained,  but 
these  differences  of  preparation  do  not  bear  so  much  upon  the  precipitation  of  the 
hydrated  oxide  as  upon  the  means  of  obtaining  chloride  of  copper ;  these  means  may  of 
course  be  varied  in  many  ways ;  for  instance,  by  causing  a  mixture  of  common  salt, 
dilute  sulphuric,  and  copper  scraps  to  act  upon  each  other,  the  mass  being  afterwards 
exposed  to  the  action  of  the  air ;  by  the  action  of  hydrochloric  acid  upon  copper  and  its 
oxide ;  or  by  partly  decomposing  neutral  nitrate  of  copper  by  means  of  carbonate  of  soda. 
In  this  case  a  precipitate  of  carbonate  of  copper  is  formed,  which,  while  giving  off  its 
carbonic  acid,  becomes  converted  into  basic  nitrate  of  copper  (CuNaOe-hCuHaOa),  deposited 
as  a  heavy  green  powder.  A  solution  of  zinc-oxide  of  potassa  (solution  of  zinc-white  in 
caustic  potassa),  is  next  added,  the  result  being  the  formation  of  a  deep  blue  pigment, 
very  spongy  and  very  covering  (a  technical  term  in  use  by  painters),  consisting  of  zincate 
of  copper  with  a  small  quantity  of  basic  nitrate  of  copper.  A  magnesia  Bremen-blue  is 
obtained  by  the  precipitation  of  a  solution  of  the  sulphates  of  magnesia  and  copper,  to 
which  some  cream  of  tartar  is  added,  by  means  of  potassa,  care  being  taken  to  pour  the 
saline  solution  into  the  alkaline,  and  to  keep  an  excess  of  the  latter. 

okMAiBiAiin't-ozMn.  In  the  year  1865  Dr.  Casselmann  discovered  this  pigment,  a 
beautiful  green  free  from  arsenic.  It  is  prepared  by  mixing  together  boiling  solutions 
of  sulphate  of  copper  and  an  alkaline  acetate ;  the  resulting  precipitate  is  a  basic  salt 
of  copper  (CUSO4 + 3CuH20a + 4H2O) .  After  drying,  this  salt  is,  next  to  Schweinfurt- 
green,  the  finest  of  all  colours  obtained  from  copper,  and  being  free  from  arsenic,  is 
highly  commendable,  though  yet  poisonous,  as  are  most  preparations  of,  and  especi- 
ally acetates  of,  copper. 

ifiB«n}^„«Q  This  pigment,  also  known  as  Scheele^s-green,  is  not  so  frequently  used 
aad  BI1M.  now  as  formerly.  It  is  essentially  a  mixture  of  hydrated  oxide  of  copper  and 
arsenite  of  copper,  and  does  not  cover  very  well.  It  is  prepared  by  dissolving  i  kilo,  of 
pore  sulphate  of  copper  in  12  litres  of  water,  to  which  is  added,  while  constantly  stirred, 
a  solution  of  350  grms.  arsenious  acid  and  i  kilo,  of  purified  potash  (carbonate)  in  8  litres 
of  water.  The  resulting  grass-green  coloured  precipitate  is  washed  with  boiling  water  and 
dried.  Another  pigment,  sometimes  known  as  mineral-green,  is  obtained  from  pulverised 
malachite,  or  basic  hydrated  oxide  of  copper.  By  the  term  mineral-blue  is  generally 
understood  a  kind  of  Berlin-blue,  rendered  less  deep  coloured  by  the  addition  of  pipe-clay 
or  other  white-coloured  powders,  but  the  term  also  applies  to  a  pigment  formerly  obtained 
by  grinding  and  washing  the  purest  pieces  of  lazurite  of  copper,  a  mineral 

(2CuC0,-hCuH202), 
found  in  the  Tyrol  and  near  Lyons.  This  pigment  is  artificially  obtained  in  France, 
Holland,  and  Belgium,  by  precipitating  a  solution  of  nitrate  of  copper  with  caustic  lime 
■?r  umitto  potassa,  and  afterwards  mixing  the  previously  washed  precipitate  with  chalk, 
gypsum,  or  heavy  spar.  The  pigment  is  sent  into  the  trade  for  use  chiefly  as  a  water- 
colour.  Under  the  name  of  lime-blue  a  similar  preparation  occurs  in  quadrangular 
lumps,  obtained  by  precipitating  a  solution  of  100  parts  of  sulphate  of  copper  and 
I2|  parts  of  sal-ammoniac  with  a  milk  of  lime  containing  30  parts  of  caustic-lime.  The 
precipitate  is  a  mixture  of  hydrated  oxide  of  copper  and  sulphate  of  lime,  according  to 
the  formula  2(CaS04,2HaO-t-3CuH202).  This  pigment  exhibits  a  purer  tint  than 
Bremen-blue,  but  though  it  covers  pretty  well  as  a  water-colour,  it  is  almost  useless  as  an 
ofl-oolour. 

QO-BiM.  A  pigment  which,  when  ground  with  oils  and  varnishes,  yields  a  beautiful 
▼iolei-bliie,  and  ia  eesentially  composed  of  sulphide  of  copper  (CuS),  there  being  applied 
in  itf  nuumlaeiure  either  the  native  mineral,  known  as  cupreous  inaigo,  or  an  artificially 
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prepared  snlphide,  obtained  byfasing  finely  divided  metallio  copper  with  hepar-Bolphnris, 
a  mixture  of  several  snlphorots  of  potassium.  The  fused  mass  is  treated  with  water,  and 
the  sulphide  of  copper  remains  in  small  blue-coloured  crystals,  which,  after  drying,  are 
pulverised  and  mixed  with  oil. 

^^Em'J2u^/w^  "^      "^^is  pigment  is  by  far  the  most  beautiful,  but  also  the  most 

poisonous,  of  all  green-coloured  copper  pigments.    In  Germany  this  substance  is 

Imown  under  a  number  of  aliases  derived  from  the  peculiar  depth  of  hue  as  modified 

in  various  manufactories  by  means  of  sulphate  of  bar3rta,  sulphate  of  lead,  and 

clirome-yellow.     The  constitution  and  mode  of  preparation  of  this  pigment  remained, 

at  least  on  the  Continent,  a  trade  secret  until  the  researches  of  MM.  Braconnot  and 

J.vonLiebig  made  the  particulars  known.  According  to  Dr.  Ehrmann,  pure  emerald- 

or  Schweinfurt- green  is  an  aceto-arsenite  of  copper : — 

^^'cu^^'l^^+3iOuO,Asa03); 

in  loo parts — Oxide  of  copper,  31*29;  arsenious  acid,  5865;  acetic  acid,  1006. 
Dr.  R.  Wagner  states  that  this  formula  is  only  empirical,  because  a  portion  of  the 
copper  is  present  as  suboxide,  and  a  portion  of  tlie  arsenic  as  arsenic  acid. 

According  to  Dr.  Ehrmann's  statement,  this  pigment  is  prepared  by  first  separately 
dissolving  equal  parts  by  weight  of  arsenious  acid  and  neutral  acetate  of  copper  in  boiling- 
water,  and  next  mixing  these  solutions  while  boiling.  There  is  immediately  formed  a 
flocculeut  olive-green  coloured  precipitate  of  arsenite  of  copper,  while  the  supernatant 
liquid  contains  free  acetic  acid.  After  a  while  the  precipitate  becomes  gradtially  crystal- 
line, at  the  same  time  forming  a  beautifully  green  pigment,  which  is  separated  from  the 
liquid  by  filtration,  and  after  washing  and  carefully  dr^-ing  is  ready  for  use.  The  mode 
of  preparing  this  pigment  on  a  large  scale  was  originally  devised  by  M.  Braconnot,  as 
follows: — 15  kilos,  of  sulphate  of  copper  are  dissolved  in  the  smallest  possible  quantity  of 
boiling-water  and  mixed  with  a  boiling  and  concentrated  solution  of  arsenite  of  soda  or 
potassa,  so  prepared  as  to  contain  20  kilos,  of  arsenious  acid.  There  is  immediately 
formed  a  dirty  greenish -coloured  precipitate,  which  is  converted  into  Schweinfurt-green 
by  the  addition  of  some  15  litres  concentrated  wood- vinegar.  This  having  been  done,  the 
precipitate  is  immediately  filtered  off  and  washed.  It  thus  appears  that  the  preparation 
of  this  pigment  aims  first  at  the  least  expensive  preparation  of  neutral  arsenite  of  copper, 
which  is  next  converted  into  aceto-arsenite  by  digestiug  the  precipitate  with  acetic  acid. 
The  pigment  is  available  as  a  water-  and  an  oil-colour,  but  does  not  cover  very  well  in  oil, 
although  it  dries  rapidly.  The  colour  caimot  bo  used  for  mural  painting,  as  the  Hme 
absorbs  the  acetic  acid,  leaving  a  yellowish-green  arsenite  of  copper.  The  Schweinfurt- 
green  consists  of  microscopically  small  crystals;  if  these  crystals  are  pulverised,  the 
colour,  previously  grass-green,  becomes  paler.  Air  and  light  do  not  affect  this  pigment, 
which  is  insoluble  in  water,  but  becoming,  when  boiled  with  it  for  a  length  of  time, 
brown -coloured,  probably  in  consequence  of  the  loss  of  some  acetic  acid.  It  is  a  well- 
known  fact  that  paper-hangiQgs  containing  this  pigment,  and  pasted  on  damp  walls, 
cause  the  inmates  of  the  rooms  to  suffer  from  headaches,  due  in  all  likelihood  to  volatile 
arsenical  emanations,  among  which  is  arseniuretted  hydrogen, 
sunnate  of  Oxide  This  preparation,  also  known  as  Gontele's-green,  is  obtained  by  precipi- 
of  Copper.  tating  a  solution  of  sulphate  of  copper  with  stannate  of  soda,  washing  and 
drying  the  precipitate,  which  forms  a  beautifully  green,  innocuous,  at  least  as  compared 
with  the  foregoing,  copper  pigment. 

veidigTii.      Under  this  name  we  meet  in  commerce  with  a  neutral  and  a  basic  acetate 

of  copper ;  the  one,  a  crystalline  substance  is 

a  salt  formerly  only  prepared  in  Holland,  and  designated  as  "  distilled  verdigris,"  in 
order  to  mislead  as  to  its  mode  of  manufacture. 

The  basic-salt,  blue  verdigris,  is  chiefly  prepared  at  and  near  Montpellier,  by  employing 
the  marc  of  the  grapes,  the  skin  and  stems  of  the  bunches  after  the  juice  has  been  squeezed 
out,  which  readily  forms  acetic  acid  by  fermentation.  Into  the  mare  are  placed  sheets  of 
copper  previously  moistened  with  a  solution  of  acetate  of  copper.  The  metal  becomes 
coated  with  a  layer  of  verdigris,  which  is  removed  by  scraping.    It  is  next  kneaded  with 
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water,  after  which  the  paste  is  put  into  leathern  .bags  and  pressed,  so  as  to  obtain 
rectangular  cakes.  The  metal  is  treated  in  the  same  manner  until  it  is  entirely  converted 
into  basic  verdigris,  having  a  blue  colour,  and  known  as  French-verdigris.    Formula — 

(CaH,0).  j  o„CnH,0, + sHjO. 

A  green -coloured  verdigris  is  obtained  at  Grenoble  and  elsewhere  by  submitting  sheets  of 
copper  to  the  action  of  vapours  of  vinegar,  or  by  placing  the  metal  between  pieces  of 
coarse  flannel  soaked  with  that  liquid.    The  formula  of  the  substance  thus  produced  is — 

Neutral  acetate  of  copper,  first  made  by  the  Saracens  in  Southern  Spain,  and  since  the 
middle  of  the  fifteenth  century  by  the  Hollanders,  is  now  obtained  either  by — i.  Dissolving 
the  basic  salt  in  acetic  acid.  2.  Or  by  the  double  decomposition  of  sulphate  of  copper  and 
acetate  of  lead : — 

CUSO4+  I  (^^^^0)^1  Oa=PbS04+  I  (^^^^^)»|  Oa. 

By  the  first  method  the  basic  acetate  is  dissolved  in  4  parts  of  acetum  distillatum 
(purified  vinegar)  or  in  wood-vinegar,  the  liquid  being  placed  in  a  copper  cauldron  and 
heat  applied.  The  clear  liquid  is  decanted,  and  then  evaporated  in  copper  pans  until  a 
saline  crust  makes  its  appearance,  when  the  fluid  is  transferred  to  wooden  vessels  pro- 
vided with  thin  laths  serving  as  a  solid  nucleus  for  the  crystals.  According  to  the  second 
plan,  the  solutions  of  the  two  salts  are  mixed,  the  liquid  decanted  from  the  sediment  of 
sulphate  of  lead,  and  next  evaporated  after  the  addition  of  some  acetic  acid,  until  a  crust 
of  the  salt  is  formed.  Instead  of  acetate  of  lead,  the  acetates  of  lime  and  baryta  are'  now 
used.  The  neutral  acetate  of  copper  is  met  with  in  commerce  in  *•  bunches"  (grappes), 
consisting  of  deep  green-coloured,  non -transparent  crystals,  soluble  in  13*4  parts  of  cola, 
in  5  parts  of  hot  water,  and  in  14  parts  of  boiling  alcohol.  This  salt,  like  the  basic  acetates, 
is  highly  poisonous. 

ApnUeation^  of  Both  basic  and  neutral  are  employed  as  oil-  and  water-colours.  In  Russia 
Verdigria.  verdigris,  mixed  with  white-lead,  is  frequently  used  as  an  oil  paint,  the 
result  being  the  formation  of  carbonate  of  copper  and  basic  acetate  of  lead.  The  former 
of  these  substances  yields  with  the  undecomposed  white-lead  a  bright  blue  colour,  which, 
after  painting,  turns  to  a  peculiarly  fine  green,  the  usual  colour  of  the  iron  roofs  of  the 
houses  in  Bussia,  more  especially  in  Moscow  and  the  interior  of  the  country.  In  Holland 
the  same  mixture  is  frequently  applied  as  a  paint  to  outdoor  woodwork,  of  which  it  is  an 
excellent  preservative.  Verdigris  is  sometimes  further  applied  in  the  preparation  of  other 
copper  colours,  for  instance,  Schweinfurt-green ;  also  in  dyeing  and  cidioo-printing ;  in 
gilding  (see  Gk)ld).    The  neutral  salt  was  formerly  used  in  the  preparation  of  acetic  acid. 

Lead. 
(Pb=207 ;  Sp.  gr.=.ir37.) 

oeemnnM  of  lma.  This  metal  has  been  known  from  a  remote  antiquity.  It  is  only 
rarely  found  native ;  its  chief  ore  is  galena  (PbS).  It  also  occurs  as  Boomonite, 
or  antimonial  lead  ore,  consisting  of — 4177  parts  of  lead;  1276  copper;  2601 
antimony;  and  19*46  sulphur;  formula  (3Cu2S,Sb2S3+2[3PbS,Sb2S3]).  From  this 
ore  copper  as  well  as  lead  is  extracted.  The  other  lead  ores  of  more  or  less  importance 
are — cerusite  or  white  lead  ore  (PbC03) ;  green  lead  ore  (pyromorphite,  phosphate 
of  oxide  of  lead.  3[p205,3PbO]  +  PbCla) ;  mimetesite  (arseniate  of  oxide  of  lead, 
3[A8a05,3PbOl+PbCl2);  vitriol  lead  ore  or  Anglesite,  sulphate  of  lead  (PbS04)  ; 
yellow  lead  ore  (molybdanate  of  lead,  PbMo04) ;  and  red-lead  ore  or  krokoite, 
ehromate  of  lead  (PbCr04). 

>«^g,,2Jg^^  Galena  is  the  chief  lead  ore,  989  of  the  metal  produced  being 
extracted  from  it.  It  contains  86* 57  per  cent  of  lead,  and  13-43  P«'  ce^*  0^  sulphur, 
with  sometimes  only  mere  traces,  sometimes  an  available  quantity  of  silver.  Oalena 
exhibits  a  lead-grey  colour  and  a  strong  metallic  lustre,  crystallises  in  cubes,  is 
brittle,  and  has  a  sp.  gr.=775.  It  is  also  employed,  when  finely  ground,  and  known 
as  Alqnifonx,  for  the  purpose  of  glazing  coarse  pottery  ware ;  for  the  manufacture 
of  Pattuuon's  white-lead ;  instead  of  sawdust  for  covering  the  floors  of  rooms  in  some 
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of  tie  German  mining  districts ;  fpr  omamenlul  purposes ;  jewellery ;  and  of  laie  in 
a  peculiar  process  of  extracting  platinum  from  its  ores. 

Lead  is  obtained  from  gateiiBi  cither  by  the  precipitation  method  or  hj  roasting. 
The  former  process  is  based  upon  the  behnviour  of  raefalhc  iron  at  a  high  temperature 
towards  galena ;  for  if  these  two  substances  are  heated  together  the  result  is  tlio 
fonnation  of  sulphuret  of  iron  and  metallic  lead  (PbS+Fe=FeS+Pb).  Accordingly. 
the  precipitation  method  consists  in  smelting  the  galena,  previously  freed  from  gangue, 
with  granulated  iron  obtained  by  pouring  molten  cast-iron  in  a  thin  stream  into  cold 
water.  The  operation  is  carried  on  in  a  shaft  furnace ;  the  result  is  the  fonnation 
of  metallic  lead,  and  of  a  lead  matte  consisting  essentially  of  sulphuret  of  iron, 
nndecomposed  galena,  and  sulphuret  of  copper.  Sometimes  iron  ores  and  slags  of 
ironworks  are  applied,  in  which  case  the  oxygen  of  these  aubstances  aids  the 
deanlphuration. 

The  fnmaoe  in  use  for  the  smelting  in  represented  in  fignree  25.  2fi.  and  ij.  b  is  the 
shaft;  c,  d,  the  hearth  and  crncible.  which  aa  exhibited  by  ilie  out  is  partly  ontBide  the 
(omaoe.  By  means  of  a  channel  the  molten  metal  can  be  ran  off  from  d  into  tixe  tap 
crucible.  The  gases  and  vapoors  previous  to  tbeii  escape  into  the  chimney,  t,  are  made 
to  pasB  throngh  the  flnee,  aa  indicated  by  the  anowe,  in  order  that  any  aolid  particleii 
ocntaiuing  lead,  which  the  blast  at  o  might  carry  off,  may  be  arrested.  The  ore  and 
iron,  previonsly  washed,  are  placed  in  alternate  layers  in  the  furnace.    The  prodncti  ol 
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the  smelting  eolleoted  in  c,  are  lead,  containing  silver,  and  lead  matte,  the  latter  containing 
about  30  lbs.  of  1^  to  the  cwt.,  the  former  sometimes  3  lbs,  of  silver  to  the  same 
quantity,  while  copper  also  may  be  present.  This  lead  matte  ia,  according  to  its  con- 
stituents, either  worked  up  for  cementation  copper,  or  added  to  other  sl^s  containing 

"'■'gj^^^'ir  This  process  is  based  upon  the  behaviour  of  oxide  of  lead  and 
the  sulphate  of  that  oxide  towards  galena,  and  is  efiecled  on  a  large  scale  in  a 
reverberatory  furnace.  By  the  action  of  the  oxygen  of  the  air  at  a  high  temperature 
upon  galena,  a  portion  of  this  mineral  is  converted  into  oxide  of  lead  and  sulphurous 
acid,  while  sulphate  of  lead  ia  simultaneously  formed.  By  the  oxygen  of  tho 
sulphate  and  of  the  oxide  tho  snlphur  of  any  nndecomposed  galena  is  oxidised  and 
removed  (3PbO-l-PbS=4Pb-hSOj+0;PbS04+PbS-aPb-HjSOa).  If  there  is  present 
during  the  roasUng  any  excess  of  galena,  there  is  formed  a  subeulphide  of  lead 
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(PbiS),  bom  n^hich  a  Email  quantity  of  metallic  lead  ia  obtained  by  liquation,  nhUe 
the  reeidne  becomes  a  higher  gulphuret  (2FbiS=2PbS-f  2Pb). 

The  English  pioceBB  of  lead  smelting  by  roasting  and  liquation  is  based  npon  the 
reaction  jn^t  deeoribed,  and  ia  carried  on  in  a  tomaoe  exhibited  in  fig.  38.  The  hearth, 
conetmcted  of  alag  and  built  upon  a  maseiTC  wall,  is  arranged  to  slope  in  all  directions 
towards  the  tap-bole,  through  which  the  lead  runs  oS  into  a  cast-iron  pan  eet  in  a  niahe. 
The  figures,  o,  o,  o,  indicate  the  openings  for  the  doors,  three  on  each  side  of  the  building. 
T  is  a  funnel  Uirongh  which  the  ores  are  placed  on  the  hearth.  Eveij  six  or  seven  hours 
a  ehargo  of  i6  cwts.  of  ore  is  worked  off,  while  the  consainption  of  fnel  amounts  to  aboat 
boU  that  weight  in  the  same  time.  Care  is  taken  to  spread  the  ore  nniiorml;  over  the 
hearth  ;  this  having  been  done,  the  heat  is  gradually  increased,  the  doors  of  the  furnace 
being  closed.  After  a  lapse  of  two  hours  the  doors  are  opened  sufficiently  to  Tcntilate 
the  furnace  and  dissipate  the  smoke,  and  are  agam  closed,  and  the  heat  increased  until 
the  maag,  from  which  lead  everywhere  exudes  and  runs  off  to  the  lovrest  level,  becomea 
bj  stirring  and  the  addition  of  fluor-spar,  almost  perfectly  fluid.  This  point  having  been 
reached,  the  upper  layer  of  slag  is  run  oft,  at  once  cooled  with  water,  and  thus  solidified. 


This  stag  is  termed  white  slag  fiom  its  white  or  light  grey  colour,  and  oontains  about 
u  per  cent  of  sulphate  of  lead  Some  small  coal  is  now  oaat  mto  the  heu^  in  order  to 
Bohdify  the  tough,  pasty  slag  which  oovers  the  lead,  after  which  the  tap-bole  ia  opened 
and  the  raw  lead  run  off  into  the  iron  pan,  previonsly  heated  so  as  to  keep  the  metal  in 
a  molten  state. 

>■•  t-wi-  The  metallic  lead  obtained  as  described  ia  by  no  means  pure,  usually 
oontaining  idlTer.  capper,  antimony,  arsenic,  and  other  metals  according  to  the  purity 
of  the  ore.  The  separation  of  the  silver,  when  in  sufficient  quantity  to  repay  the 
expense  of  extraction,  will  be  spoken  of  under  Silver :  bat  one  of  the  by-products  of 
some  of  the  methods  of  extracling  that  metal  is  lithat^,  oxide  of  lead,  which  is 
either  brought  into  commerce  as  such  or  reduced  again  to  metallic  lead  by  a  process 
here  described. 

'•'J^^Jr' "  'I^"*  process  is  pursued  in  a  reverberatory  furnace  by  placing  on 
the  hearth  a  mixture  of  litharge  and  small  coal.  The  lead  resulting,  known  as  bard 
lead,  in  contradistinction  to  the  soft  lead  obtained  from  refined  litharge,  ia  naually 
not  qnite  pure.  In  order  to  give  some  idea  of  the  composition  of  the  varions  kinda 
of  lead  as  obtained  at  Freiberg,  Germany,  we  quote  the  following  results  of  analyses 
by  Dr.  Reich : — 

Antimonial  lead. 

Mulden.        Halsbruok. 


Bawlead. 

fiefined  lead. 

Hard  lead. 

Lead    .    . 

■     9773 

9928 

8760 

Arsenic     . 

.       1-56 

016 

790 

Antimony. 

.       07a 

traces 

280 

Iron.    .    . 

■      °07 

005 

traces 

Copper.    . 

■      025 

02s 

0-40 

SUver  .     , 

049 

0-53 

— 
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Propertias  of  Lead.  The  colour  and  general  physical  properties  of  this  metal  are  too  well 
known  to  require  detailed  notice.  Lead  assamcB  a  crystalliue  form  with  difliculty,  bat  it 
is  obtained  in  that  state  in  a  combination  of  cubes  and  octahcdra  by  some  metsJlurgical 
prooesses,  e.^jr.,  Pattinson's  method  of  silver  extraction.  Lead  is,  when  refined,  a  very 
soft  and  tractable  metal ;  its  absolute  cohesive  strength  is  small.  When  freshly  cut  it 
exhibits  a  strong  metallic  lustre,  but  tarnishes  rapidly  on  exposure  to  air.  If  handled  it 
dirties  the  skin,  and  gives,  when  rubbed  on  paper,  linen,  or  cotton,  a  plumbago-coloured 
mark.  Its  sp.  gr.  is  11*37 ;  i  cubic  foot  weighs  about  600  lbs. ;  i  cubic  metre,  11,370  kilos. 
In  addition  to  the  metallic  impurities  usually  present  in  lead  and  already  alluded  to, 
some  of  its  oxide  is  commonly  mechanically  mixed  with  it,  impairing  its  malleability  and 
ductility,  but,  on  the  other  hand,  increasing  its  resistance  to  pressure.  Lead  belongs  to 
the  most  readily  fusible  metals,  fusing  far  below  red  heat,  at  332° ;  on  cooling  it  contracts 
and  assumes  a  concave  surface.  Lead  is  volatilised  and  boils  at  a  strong  white  heat,  air 
being  excluded.  It  is  not  well  suited  for  being  worked  with  files  or  cold  chisels,  the  former 
becoming  clogged,  and  the  latter  blunt.  Sheet  lead  is  cut  with  knives  of  well-tempered 
steel.  This  metal  does  not  take  up  more  than  about  1*5  per  cent  of  zinc  ;  0*07  per  cent  of 
iron,  and  rather  more  copper,  but  alloys  readily  with  tin,  bismuth,  and  antimony. 
AppUcation*  of  Lcad  is  employed  in  a  variety  of  ways  in  building.  It  is  much  used  for 
Meuiiio  Lead-  f}^Q  leaden  chambers  of  sulphuric  acid  works,  and  for  this  purpose  should 
be  as  free  as  possible  from  any  impurities  or  foreign  metals,  all  of  wluch  impair  the 
resistance  of  the  sheets  of  lead  to  the  acid  vapours,  and  cause  the  metal  to  become 
gradually  perforated  with  holes  and  cracks.  The  metal  is  further  employed  for  leaden 
pans  and  other  apparatus  in  chemical  manufactories,  for  gas-  and  water-pipes,  for  rifle 
balls,  and  for  many  other  purposes  too  numerous  to  be  here  specified. 

ManafMtiue  of  Shot.  This  manufacture  consists  of  five  distinct  operations,  viz. — (i)  th« 
melting  of  the  lead ;  (2)  the  granulation  of  the  molten  metal ;  ^3)  the  sorting  of  the  grain  of 
various  sizes ;  (4)  separation  of  irregularly-shaped  shot ;  and  (5)  the  polishing  of  the  shot. 
Lead  intended  for  this  manufacture  is  never  required  to  be  pure,  and  arsenic  is  purposely 
added,  because  experience  has  taught  that  this  addition  improves  the  spherical  shape  of 
the  shot.  The  quantity  of  arsenic  depends  upon  the  quality  of  the  lead,  but  varies  from 
0*3  to  o'8  per  cent :  too  much  causes  an  irregular  shape,  and  too  little  has  the  same  defect. 
The  arsenic  is  added  either  as  arsenious  acid,  in  which  case  the  lead  is  melted  under  a 
layer  of  powdered  charcoal,  or  metaUic  arsenic  wrapped  in  a  piece  of  paper  is  introduced 
under  the  surface  of  the  molten  load  by  means  of  a  suitable  pair  of  forceps.  The 
granulation  of  the  lead  is  obtained  by  the  use  of  a  shallow  sieve-like  iron  vessel, 
technically  termed  a  card,  provided  with  holes  of  regular  size.  The  dross  and  scrapings 
from  former  smeltings  are  not  removed,  as  they  prevent  the  lead  running  too  readily 
through  the  holes.  The  operation  of  granulation  is  carried  on  in  shot  towers,  the  card 
with  the  molten  lead  being  at  the  top,  the  metal  assuming  a  spherical  shape  while  falling. 
The  small  spheres  or  drops  are  collected  in  water,  to  every  100  parts  of  which  0*025  parts 
of  sulphide  of  sodium  is  added  in  order  to  coat  the  metal  with  a  small  quantity  of 
sulphide  of  lead  and  prevent  its  oxidation.  Shot  is  also  made  on  an  entirely  different 
plan  embodying  the  application  of  centrifugal  force.  The  molten  metal  is  forced  with 
great  speed  through  openings  in  a  centrifugal  machiue,  making  1000  revolutions  per 
minute,  the  shot  or  particles  assuming  a  spherical  shape  by  reason  of  the  great  force  of 
impact  with  the  air  near  the  machine.  The  sorting  of  the  shot  is  effected  by  variously - 
sized  sieves,  and  the  separation  of  the  imperfectly-shaped  grains  is  obtained  by  causing 
the  shot  to  run  over  a  long  sUghtly  sloping  table  proviJoJ  "w-ith  ledges  of  wood  to  prevent 
the  shot  falling  off  sideways.  Only  the  perfectly  spherical  grains  of  shot  reach  the 
lower  end  of  the  table.  Lastly,  the  shot  is  poUshed  by  placing  100,000  parts  by  weight 
of  shot  and  6  parts  by  weight  of  graphite  together  in  a  cyUndrical  iron  vessel  made  to 
rotate  slowly  on  a  horizontal  axis.  In  this  country  some  manufacturers  prefer  to  use  an 
amalgam  of  tin,  or  simply  mercury,  instead  of  graphite,  for  polishing.  The  loss  of  lead 
in  the  manufacture  of  shot  amounts  to  about  2  per  cent.  The  sizes  and  trade  names  of 
the  several  kinds  of  shot  vary  in  different  countries ;  in  Germany  No.  o  is  the  largest  and 
No.  10  the  smallest  size. 

AUoTi  of  lmml  The  following  alloys  of  lead  in  daily  use  are  made  on  a  large  scale : — 
goft  lead  Bolder  as  used  by  tinsmiths,  equal  parts  of  lead  and  tin ;  the  alloy  used  for 
organ  pipes,  usually  96  parts  of  lead  and  4  of  tin,  but  often  more  tin  is  added  ;  white 
metal  alloy  for  domestic  utensils,  as  coffee  and  teapots,  consists  of  lead,  antimony, 
and  tin ;  alloy  for  ships*  nails,  3  parts  tin,  2  parts  lead,  i  part  antimony.  The  lead 
used  by  the  Chixxese  for  lining  tea-chests  consists  of  126  parts  lead,  175  partes  tin. 
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1-25  parta  copper,  with  a  trace  of  zinc.     Other  alloys,  such  as  ty[io  metal,  will  be 

spoken  of  presently. 

Prkpara-Tions  of  Lkad. 

Oxide  of  Lead.  This  sTibstancc  is  commercially  employed  in  two  different  forms,  \iz., 
as  massicot  or  as  litharge. 

M*Mieot.  Massicot,  or  yellow  oxide  of  lead,  occurs  as  a  yellow  or  ruddy-coloured 
powder,  obtained  either  by  heating  carbonate  or  nitrate  of  lead,  or  by  calcining 
metallic  lead  on  the  hearth  of  a  reverberatory  furnace.  Before  chromate  of  lead 
was  known,  massicot  was  used  as  a  yellow  pigment.  At  red  heat  this  substance 
fuses  and  becomes  glassy.  In  most  instances  it  is  not  a  pure  oxide  of  lead,  but 
mixed  with  silicate  of  lead,  the  fact  being  that  oxide  of  lead  at  a  red  heat  strongly 
attacks  any  material  containing  silica,  dissolving  the  silica  and  corabining  with  it. 

uuuugo.  Litliarge  is  a  fused  crystalUne  oxide  of  lead,  and  is  obtained  as  a  by- 
product of  the  separation  of  silver  from  lead  in  the  process  to  be  fully  described  under 
Silver.  Litharge  always  contains  a  larger  or  smaller  quantity  of  oxide  of  copper, 
oxide  of  antimony,  traces  of  oxide  of  silver,  and,  according  to  Dr.  Wittstcin,  metallic 
lead,  varying  in  quantity  from  125  to  3  10  per  cent.  The  oxide  of  copper  can  be 
removed  by  digesting  the  litharge  with  a  solution,  cold  of  course,  of  carbonate  of 
afimonia.  Litharge  absorbs  carbonic  acid  from  the  atmosphere,  combines  at  a  higher 
temperature  with  silica,  forming  with  it  a  readily  fusible  glass,  is  soluble  in  acetic 
and  nitric,  and  also  in  very  dilute  hydrochloric  acids,  and  is  equally  soluble  in  boiling 
solutions  of  caustic  potassa  and  soda.  It  is  insoluble  in  carbonate  of  ammonia  and 
in  the  carbonates  of  potassa  and  soda.  Litharge  is  largely  used,  entering  into 
various  compounds  for  glass,  so-called  crystal-glass,  flint-glass,  strass  for  imitating 
jewels,  for  glazing  pottery  and  earthenware,  as  a  flux  in  glass  and  porcelain  staining, 
for  the  preparation  of  boiled  linseed  and  poppy-seed  oil,  for  the  preparations  of  lead- 
plaster,  putty,  minium,  red-lead,  and  acetate  of  lead.  A  solution  of  oxide  of  lead  in 
caustic  soda  lye  is  applied  in  the  preparation  of  stannate  of  soda  ;  this  solution  is 
also  used  for  imparting  to  combs  and  other  toilet  articles  made  of  horn  the 
appearance  of  tortoiseshell  or  of  buffalo-horn.  A  very  dilute  solution  is  used  as  a 
hair-dye,  and  again  in  metallochromy  to  produce  iridescent  colours  on  brass  and 
bronze. 

BCintom.  Bed-kad.  Red-lead  is  a  combination  of  oxide  of  lead  with  a  superoxide,  the 
formula  being  Pb304.  Red-lead  of  excellent  quality  is  lai-gely  manufactured  near 
Newcastle-on-Tyne,  by  carefully  heating  oxide  of  lead  in  a  revt  rberatory  fmniace 
expressly  built  for  that  purpose,  the  access  of  air  being  limited  so  as  to  prevent 
the  fusion  of  that  portion  of  the  oxide  whicli  cannot  then  be  converted  into 
minium.  Sometimes  metallic  lead  is  oxidised  in  a  reverberatory  furnace,  the  process, 
A8,  for  instance,  at  Shrewsbury,  being  so  arranged  tliat  at  tlie  hotter  places  of  tlie 
furnace  massicot,  and  at  the  cooler  red-lead,  is  produced.  The  finest  coloured  minium, 
or  Paris-red,  is  obtained  from  carbonate  of  lead  by  the  same  method.  According  to 
Mr.  Barton's  pl»n,  sulphate  of  lead  is  heated  with  Cliili  saltpetre,  and  after  the  mass 
hAs  been  exhausted  with  water  the  red-lead  is  left,  while  sulphate  and  nitrite  of 
soda  are  dissolved.  Red-lead  is  used  for  a  variety  of  purposes,  many  similar  to  tlie 
^)plication8  of  oxide  of  lead.  Besides  being  applied  as  a  cement,  when  mixed  with 
linseed-oil  and  mastic,  for  the  flanges  of  steam-pipes,  it  chiefly  enters  the  market  as 
a  pigment,  being  for  that  purpose  either  mixed  with  water  or  with  linsecd-oil,  in  botli 
iDftaBcea  coyexing  extremely  well. 
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Superoxide  of  Lead.  When  red-lead  is  treated  with  moderately  strong  nitric  acid,  there  are 
formed  nitrate  of  protoxide  of  lead  and  superoxide  of  that  metal,  Pb02,  a  brovm  coloured 
powder  largely  osed  in  the  composition  of  the  phosphorus  mixture  for  lucif er  matches.  The 
mixture  known  in  lucifer  match  works  as  oxidised  minium,  is  a  dried  composition,  bon- 
Bisting  of  nitrate  of  protoxide  of  lead,  superoxide  of  lead,  and  undocomposed  red-lead,  and 
obtained  by  drying  a  magma  of  minium  and  nitric  acid. 

^'™''**^f*Sld'  ^*"*  Among  the  salts  of  lead  employed  industrially,  the  following 
are  the  most  important: — 

Ae«Ute  of  Lead.         TMs  Salt, 

(^^»°'*^J}0,  +  3H,0) 

consists  in  loo  parts  of: — Oxide  of  lead,  5871 ;  acetic  acid,  27*08;  water,  14*21. 
It  crystallises  in  four-sided  columnar  figures;  is  soluble  in  1*66  parts  of  water  and 
8  parts  of  alcohol.  When  submitted  to  dry  distillation  it  yields  neutral  carbonate 
of  lead  and  aceton,  which  volatilises.  When  heated  with  sulphuric  acid  it  yields 
acetic  acid,  sulphate  of  lead  remaining  in  the  retort.  Acetate  of  lead  is  prepared  by 
heating  litharge  or  massicot  with  rectified  vinegar,  or  with  wood  vinegar  in  leaden 
or  in  tinned  copper  pans.  The  clear  liquid  is  decanted  and  evaporated,  and  then 
left  to  crystallise  la  porcelain  basins  or  in  wooden  tubs :  100  parts  of  litharge  3rield 
150  of  acetate  of  lead.  This  salt  is  largely  used  in  dyeing  and  calico  printing,  yi 
obtaining  red  liquor  or  acetate  of  alumina;  and  for  the  preparation  of  varnishes, 
white-lead,  and  chrome-yellow.  We  shall  speak  of  sub-acetate  of  lead,  tribasic 
acetate  of  lead,  when  considering  the  manufacture  of  white-lead. 

chromate  of  Lead.  The  basis  of  chromate  of  lead,  and  indeed  the  substance  from  which 
aU  chromium  preparations  are  derived,  is  the  chrome-iron  ore,  consisting  mainly  of 
protoxide  of  iron  and  oxide  of  chromium  (FeCCrjOj,  or  Cr2Fe04).  It  is  a  magnetic 
iron  ore,  isomeric  sesqui-,  or  per-oxide  of  chromium  having  been  substituted  for  the 
peroxide  of  iron,  but  the  mineral  varies  in  composition,  often  containing  considerable 
quantities  of  alumina,  magnesia,  and  protoxide  of  chromium.  It  is  met  with 
interspersed  through  very  hard  metsunorphic  rocks  in  some  parts  of  Scotland,  in 
colour  a  steel-grey  or  pitchy  black.  Its  value  for  industrial  purposes  depends  upon 
the  quantity  of  oxide  of  chromium  it  contains;  and  according  to  M.  Clouets 
analysis  (1869)  ^^^  following  chrome-iron  ores  contained  the  quoted  quantities  per 
cent  of  chromic  oxide : — 


Neutral,  or  TeUow  Chromate 
of  Potaoa. 


:ome-iron  from  Baltimore             45 

»»            »» 

Norway                40 

»»            >» 

France         37 — 51 

>»            »» 

Asia  Minor          53 

>»            »» 

Hungary              31 

»»            i> 

Oural  (Russia)    495 

>♦            >» 

California           425 

This  salt. 

CrO^l 

r\      rr  /^„/\ 

is  prepared  by  heating  chrome-iron  ore,  previously  pulverised  and  cleansed,  witli 
carbonate  and  nitrate  of  potassa  on  the  hearth  of  a  reverberatory  furnace.  The 
oxygen  of  the  saltpetre  causes  the  higher  oxidation  of  the  protoxide  of  iron  and 
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BdBqtiioxide  of  chromiam,  the  latter  being  converted  into  chromic  acid.  The 
thoroughly  sintered,  not  molten,  mass,  is,  after  cooling,  again  ground  up  and 
lixiviated  with  boiling  water,  and  also  boiled  for  a  time  to  extract  the  neutral 
chromate  of  potassa.  Wood  vinegar  is  added  to  the  solution  to  precipitate  the 
alumina  and  silica,  after  which  the  clear  liquid  is  evaporated,  imtil  a  film  of  saline 
material  begins  to  form,  when  it  is  left  to  crystallise.  The  crystals  take  a 
column-like  form,  and  are  of  a  lemon-yellow  colour,  readily  soluble  in  water,  but 
insoluble  in  alcohol,  and  having  a  great  tendency  to  become  converted  into  bichromate 
or  red  chromate  of  potassa.  This  conversion  of  the  neutral  salt  into  the  bi-,  or  acid 
salt,  is  at  once  effected  by  the  addition  to  its  solution  of  sulphuric  or  nitric  add. 
The  bichromate  of  potassa  or  acid  chromate,  IQCrsO^,  crystaUises  in  anhydrous, 
aurora-red  coloured  prismatic  crystals,  soluble  in  10  parts  of  water.  This  solution  is 
highly  caustic  and  poisonous.  When  heated  to  redness  the  salt  gives  off  oxygen, 
leaving  oxide  of  chromium  and  neutral  chromate  of  potassa  in  the  retort;  the 
bichromate  is  prepared  from  the  neutral  salt  by  the  addition  to  its  solution  of  either 
sulphuric  or  nitric  acid,  preferably  the  latter  on  account  of  the  formation  of  nitrate 
of  potassa,  which  may  be  either  sold  or  used  in  the  manufacture  of  the  neutral 
chromate. 

^.  Jaoqnelain  proposes  that  the  chrome-iron  should  be  mixed  with  chalk  and  the 
mixture  heated  and  frequently  stirred,  then  cooled,  pulverised,  and  put  into  water,  with 
the  addition  of  enou^  sulphuric  acid  to  produce  a  weak  reaction,  the  result  being  the 
formation,  first  of  chromate  of  lime,  which,  by  the  addition  of  the  acid,  becomes  the 
bichromate  of  that  base.  The  sulphate  of  protoxide  of  iron  present  in  this  solution  is 
precipitated  by  means  of  chalk.  In  order  to  convert  the  bichromate  of  lime  into  the  oor- 
respondLig  potassinm  salt,  it  is  only  necessary  to  add  a  solution  of  carbonate  of  potassa, 
the  result  being  of  course  the  precipitation  of  carbonate  of  lime  and  the  exchange  of 
the  chromic  acid  from  the  lime  to  the  potassa.  According  to  Tilghmann's  process 
ehrome-iron  ore  is  mixed  with  2  parts  of  lime,  2  of  sulphate  of  potassa,  and  heated 
for  eighteen  to  twenty  hours  in  a  reverberatory  furnace.  The  same  inventor  suggests 
the  heating  of  chrome-iron  ore  with  powdered  feldspar  and  lime.  Mr.  Swindells  ignites 
chrome  ore  with  equal  parts  of  either  chloride  of  sodium  or  chloride  of  potassium  to  the 
highest  possible  white  heat,  at  the  same  time  exposing  the  mixture  to  a  constant  current  of . 
superheated  steam,  the  formation  of  sodium  or  potassium  chromate  resulting.  The  most 
important  improvement  in  the  preparation  of  chromate  of  potassa  is  the  substitution  of 
carbonate  of  potassa  for  nitrate  of  potassa,  and  the  use  of  a  furnace  so  constructed  as  to 
admit  of  the  proper  access  of  air  to  the  strongly  heated  mass,  the  oxygen  of  the  air  being 
made  to  oxidise  the  chromic  oxide  to  chromic  acid.  Another  improvement  is,  that  in  using 
Ume  instead  of  alkali,  the  oxidation  of  the  chromic  oxide  is  greatly  accelerated,  by  reason 
that  when  lime  is  employed  instead  of  potassa  the  heated  materials  do  not  become  semi- 
fused  or  pasty,  but  remaining  pulverulent  admit  of  the  readier  access  of  air,  as  well  as 
preventing  the  sinking,  on  account  of  higher  specific  gravity,  of  a  portion  of  the  chrome 
ore  to  the  bottom  of  Uie  hearth,  and  there  becoming  withdrawn  from  the  action  of  the 
beat. 

ArpUMtioM  of  um  Before  the  year  1820,  the  salts  spoken  of  were  only  used  for  the  pre- 
<%foiiwtM  of  PotMM.  paration  of  chrome-yellow ;  it  was  then  a  veiy  expensive  process, 
viz.,  the  calcination  of  the  chrome-iron  ore  with  nitrate  of  potassa  only.  At  this  date, 
M.  ir/w»lilin  discovered  the  applicability  of  bichromate  of  potassa  to  the  obtaining  of 
what  is  technically  termed  "  discharge  "  for  Turkey-red — a  madder  colour — a  discovery 
■con  followed  by  others  bearing  upon  the  useful  appUoations  of  this  salt,  among  which  are 
the  formation  of  chrome-yellow  and  chrome-orange  in  calico-printing,  the  chrome-black 
in  dyeing,  Uie  oxidation  of  catechu  and  Berlin-blue,  the  discharge  of  indigo-blue,  the 
bleaching  of  palm-oil  and  other  fatty  substances,  the  preparation  of  mixtures  for  the  heads 
of  hidfer-matches,  the  preparation  of  chromate  of  protoxide  of  mercury  and  chromic 
oxide  as  green-coloured  pigments  in  glass-  and  china-painting,  and  for  the  preparation  of 
Vert  Ooignet,  a  peculiar  hydrated  oxide  of  chromium : — 

(Crja) 
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obtained  by  beating  i  part  of  bichromate  of  potassa  and  3  parts  of  orystallised  borio  acid, 
and  used  as  a  pigment  in  calico-printing.  As  might  be  expected,  all  these  disooTeries 
gaye  a  strong  impulse  to  the  mannfactnre  of  the  chromates  of  potassa,  which  have 
recently  found  still  further  useful  applications  in  the  obtaining  of  colours  from  coal-tar,  in 
the  manufacture  of  chlorine  gas,  in  defuseling  brandy  and  other  spirits,  and  in  the  purifi- 
cation of  wood-vinegar  made  from  the  crude  pyroligneous  acid. 

According  to  M.  J.  Persoz,  there  exist,  America  excepted,  only  six  manufactories  of  the 
ohromates  of  potassa,  viz.,  two  in  Scotland,  one  in  France,  one  at  Trjondhem,  Norway,  and 
one  at  Kazan,  near  the  Oural,  Russia ;  the  total  production  of  these  works  amounted  in 
1869  to  60,000  cwts. 

SSSJ^ofLeidf  There  are  in  technical  use  three  different  compounds  of  lead  and 
chromic  acid,  viz.,  neutral  chromate  of  lead  or  chrome-yellow,  basic  chromate  or 
chrome-red,  and  a  mixture  of  these  two  salts  constituting  chrome-orange.  The  first 
of  these  substances  is  obtained  by  two  methods: — (i)  By  the  precipitation  of  a 
solution  of  chromate  of  potassa  with  a  solution  of  acetate  of  lead;  or  (z)  by 
the  use  of  sulphate  or  chloride  of  lead.  According  to  the  first  plan,  the  operation 
begins  with  the  preparation  of  a  solution  of  lead,  for  which  purpose  granulated  lead 
is  put  into  wooden  tubs  placed  one  above  the  other,  and  the  taps  each  tub  is  provided 
with  being  turned  off,  vinegar  is  poured  into  the  upper  tub.  In  about  ten  minutes 
the  tap  at  the  bottom  of  the  tub  is  opened,  and  the  contents  let  into  the  second  tub. 
The  operation  is  repeated  with  all  the  tubs,  four  to  eight  in  niunber,  the  object  simply 
being  to  moisten  the  lead  thoroughly  with  the  vinegar,  so  as  to  cause  rapid  oxida- 
tion on  its  subsequent  exposure  to  air.  The  metal  soon  becomes  coated  with 
a  bluish-white  coloured  film,  and  when  this  is  apparent,  vinegar  is  again  poured 
into  the  topmost  tub  and  left  for  about  an  hour,  after  which  it  is  run  off  into  the 
second  tub,  and  tlie  operation  continued  imtil  there  is  obtained  a  saturated  solution 
of  basic  acetate  of  lead.  To  prepare  chrome-yellow  enough  vinegar  is  added  to 
obtain  a  reaction,  and  the  fluid  left  to  deposit  any  suspended  sediment.  At  the  same 
time,  in  another  tub,  a  solution  of  25  kilos,  of  biclu'omate  of  potassa  in  500  litres  of 
water  is  kept  in  readiness.  The  clear  lead  solution  is  next  poured  into  the  bichro- 
mate solution  as  long  as  any  precipitate  ensues.  This  precipitate  is  well  washed, 
and  usually  mixed  with  gypsum,  or  sulphate  of  baryta,  to  obtain  the  lighter  chrome 
colours ;  finally  it  is  dried.  According  to  Liebig,  chrome-yellow  is  obtained  from 
sulphate  of  lead,  an  almost  useless  by-product  from  calico-printing-  and  dye-works, 
by  digesting  it  with  a  warm  solution  of  neutral  chromate  of  potassa.  The  depth  of 
colour  of  the  ensuing  yellow  pigment  depends  upon  the  quantity  of  sulphate  of  lead 
which  is  converted  into  chromate  of  lead. 

Dr.  Habich  states  that  there  exist  two  binary  compounds  of  chromate  and  sulphate  of 
>ead,  the  formulaB  of  which  are :— PbS04-f  PbCr04  and  aPbSO^-f  PbCr04.  The  former  is 
obtained  when  a  Bolution  of  bichromate  of  potassa,  previously  mixed  with  enough  sul- 
phuric acid  to  cause  its  dissociation,  is  precipitated  with  a  solution  of  lead ;  while  the 
second  compound  is  formed  if  the  quantity  of  sulphuric  add  is  doubled.  According  to 
M.  Anthon  a  beautiful  chrome-yellow  is  obtained  by  the  digestion  of  100  parts  of  freshly 
precipitated  chloride  of  lead  with  47  parts  of  bichromate  of  potassium. 

chrome.R«d.  The  basio  chromate  of  lead,  known  as  chrome-red  and  Austrian-cinnabar, 
Pb0r04-HPbH202,*  is  a  red -coloured  pigment  much  in  demand,  and  obtained  from  the 
yellow  or  neutral  chromate  of  lead,  eith^  by  boiling  it  with  a  caustic  potassa  solution,  or 
by  fusing  it  with  nitrate  of  potassa,  the  effect  being  that  half  of  the  chromic  acid  is  with- 
drawn from  the  neutral  chromate.  Drs.  Liebig  and  Wohler  state  that  chrome-red  is  best 
obtained  by  fusing  together,  at  a  very  low  red-heat,  equal  parts  of  potassium  and  sodium 
nitrates,  gradually  pouring  into  the  fused  salt  small  quantities  of  chemically  pure  yellow 

*  Aceording  to  Dr.  Duflos,  see  *'  Handbaoh  der  Angewandten  Pharmaceutisch-Technisch 
Chemische  Analyse,  <&c.,"  Breslau,  1871,  p.  293,  the  formula  of  this  substance  is  2PbO,Cr03, 
Mul  the  dried  silt  does  not  contain  any  water  as  a  compone^t  part* 
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chromate  of  lead.  After  cooling,  the  insolable  chrome-red  is  well  washed  and  dried.  It 
is  then  a  magnificently-coloured  cinnabar-like  crystalline  powder.  Professor  Dolong 
prepares  chrome-red  by  precipitating  a  solution  of  acetate  of  lead  with  a  solution  of 
ehromate  of  potassa  to  which  caustic  potassa  has  been  added.  The  various  shades  and 
qualities  of  chrome-red,  from  the  deepest  vermillion  to  the  palest  red,  are  caused  by  the 
difference  in  size  of  the  constituent  crystalline  particles.  This  fact  is  proved  by  experiment, 
for  when  several  samples  are  uniformly  ground  to  a  fine  powder  the  result  is  the  production 
of  a  imiformly  deep-coloured  hue.  In  preparing  chrome-red  of  a  deep  colour,  everything 
which  might  interfere  with  or  injure  the  crystallisation  has  to  be  avoided.  The  pigments 
commercially  known  as  the  chrome-orange  colours  are  mixtures,  in  varying  proportions,  of 
the  basic  and  neutral  chromates  of  lead,  and  are  usually  made  by  boiling  chrome-yellow 
with  milk  of  lime.  '  M.  Anthon  recommends  for  the  preparation  of  a  good  chrome-orange 
the  treatment  of  100  parts  of  chrome-yellow  with  55  parts  of  chromate  of  potassa  and 
12 — 18  parts  of  caustic-lime  made  into  milk  of  lime. 

CtaroiiMOxide.  or  T^^^  substancc,  Cr203,  is  used  in  glass-  and  porcelain-staining  as  a 
Cbxama-Qnen.  couleur  grand  feu^  that  is  to  say,  it  stands  the  most  intense  heat  provided 
no  reducing  materials  are  allowed  to  affect  it.  It  is  commercially  known  under  the  name 
of  chrome-green  as  an  indelible  pigment  for  printing,  being  especially  employed  for  bank- 
notes. It  is  prepared  in  various  ways,  the  finest  being  obtained  by  heating  chromate  of 
protoxide  of  mercury,  but  this  method  is  far  too  expensive  to  admit  of  any  extensive  appli- 
cation. Dr.  Lassaigne  heats  equal  molecules  of  sulphur  and  yellow  chromate  of  potassa, 
and  exhausts  the  mixture  with  water,  leaving  the  insoluble  green  sesquioxide  behind. 
Professor  WShler  prefers  to  mix  the  yellow  chromate  of  potassa  with  sal-ammoniac,  to  heat 
that  mixture,  and  afterwards  treat  it  with  water,  leaving  the  insoluble  chrome-green  as  a 
fine  powder. 

Among  other  methods  of  preparing  the  anhydrous  sesquioxide  is  the  heating  of  an 
intimate  mixture  of  bichromate  of  potassa  and  charcoal.  The  hydrated  oxide  of  chro- 
mium, according  to  the  formula  Cr4H60Q,  is  met  with  in  the  trade  under  a  variety  of 
names,  and  often  contains  boric  or  phospnoric  acids,  not,  however,  as  an  essential  consti- 
tuent (see  Dr.  P.  Schiitzenberger's  formula  on  p.  65  for  Guignet's-green),  but  as  a  remnant 
of  imperfect  preparation.  This  hydrated  oxide,  the  preparation  of  which  to  ensure  a  good 
colour  is  raUier  a  difficult  nuktter,  requiring  very  careful  manipulation,  is  Imown  as 
Emerald-green,  Pannetier-green,Matthieu-Plessy-green,  and  Amaudon-green.  The  pigment 
is  used  as  an  artist's  colour  and  in  calico-printing  as  a  substitute  for  Schweinfurt-green, 
bnt  is  very  expensive. 

ckronv-Aina.      TMs  Salt,  J^^  1 4SO4 -f  24H2O,  is  obtained  in  rather  large  quantities  as  a 

by-prodnot  of  the  manufacture  of  aniline- violet,  aniline-green,  and  anthracene-red.  It  is 
a  deep  violet-coloured,  ootahedrically  crystallised  substance,  now  used  to  some  extent  as  a 
mordant  in  dyeing,  for  rendering  gum  and  glue  insoluble,  for  waterproofing  woollen 
fabrics,  and  for  the  preparation  of  chromate  of  potassa. 
chioBk  Ohiorute.  This  compound,  CraCla,  best  prepared  by  the  decomposition  of  sul- 
pburet  of  chromium  by  means  of  chlorine,  constitutes  a  crystalline  violet-coloured  mica- 
Hke  material,  employed  in  the  manufacture  of  coloured  paper  and  paper-hangings. 

widto-LMd.      This  very  important  preparation  obtained  from  lead  is  the  basio  car- 
bonate of  the  oxide  of  that  metal,  its  formula  being, 

PbOCO,+x<£^2H2} 

Aeoording  to  the  method  employed,  white-lead  is  oommeroially  known  as  of 
HoUand  or  Dutch,  French  or  English  manufacture.  The  Dutch  i^ode  of  making 
white-lead  is  founded  on  the  fact  that  when  metallic  lead  comes  in  contact  with 
tiie  vapours  of  acetic  acid,  carbonic  acid,  and  oxygen,  at  a  sufficiently  high  tem- 
perature, the  metal  is  converted  into  basio  carbonate  of  the  oxide  of  lead.  It  is 
quite  evident  from  this  brief  statement  that  the  chief  conditions  being  fulfilled,  the 
methods  of  operation  may  be  more  or  less  varied.  In  Holland,  Belgium,  and  some 
parts  of  Germany,  the  lead — as  pure  as  possible  and  free  from  silver,  which,  even  in 
small  quantities  greatly  impairs  the  good  colour  of  the  white-lead — is  cast  into 
thin  strips,  which  are  wound  in  a  spiral  and  placed  in  coarse  earthenware  pots. 
(Fig.  29).  Common  vinegar  is  poured  into  the  lower  part  of  these  pots,  some  beer- 
yeast  bdng  added.    The  lead  is  then  placed  on  a  ))erfQrated  piece  of  wood,  so  as  ta 
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prevent  direct  contact  with  the  vineg&r.  After  this  the  pots  are  oovered  with  leoden- 
plat«s  and  buried  (see  Fig.  30)  in  a  mass  of  horse -dung  or  spent-tan  and  dang.  The 
fermentation  of  the  dung  causes  the  requisite  increase  of  temperature,  and  the 
vin^ar  evaporating,  aided  by  the  oxygen  of  the  air,  converta  the  lead  into  basic 
acetate,  which  in  its  turn  is  oonverted  into  baaic  carbonate  of  lead  bj  the  cafbonie 
acid  resultiug  from  the  fermenting  manure.  This  rather  clnmej  prooaes  has  given 
placs  in  German;  U>  the  chamber  method,  consisting  essentiaJtly  in  the  following 
arrangement.  Instead  of  the  pots  being  made  the  receptacles  for  the  l«ad,  the  sbipa 
of  that  metal  are  bant  and  suspended  on  a  series  of  laths  run  lengthwise  thiongh  the 
chamber,  on  the  floor  of  which  is  placed  a  layer  of  spent  tan,  marc  of  grapes,  or  other 
fermentablo  matsrial,  saturated  with  vinegar.  An  improvement  upon  tJiis  arrange- 
ment  is  to  have  the  chamber  constmcted  with  a  double  flooring,  one  woter-ti^t,  the 
other  a  light  planking  perforated  so  as  to  admit  of  the  vapours  of  vinegar  being 
carried  into  the  compartment.  The  action  upon  the  lead  is  in  each  case  the  same  1  it 
is  converted  chiefly  into  white-lead,  and  this  cmdo  product  is  purified  fhim  any 
adhering  acetate  of  lead  by  washing  with  water  before  being  brought  into  the  market. 
There  is  still  in  nse  in  this  country  a  modification  of  the  method  practised  by  the 
Dntch.  who,  by-the-bye,  are  not  the  inventors  of  white-lead  manofactura,  the  true 

FiQ.  ag.  Fio,  30. 


oiigin  being  Saraoenic,  the  trade  being  sucoesafully  carried  on  by  these  semi-savages 
in  Southern  Spain,  whence  the  Dntch  bronght  over  the  art  in  the  sixteenth  centory  to 
Bolland.  This  modification  consists  in  the  following  arrangement : — Grannlatad 
lead  is  first  moistened  with  about  15  par  cent  of  vinegar,  the  metal  being  previous^ 
plaoed  on  hurdles  in  a  wooden  box,  the  interior  of  whioh  is  heated  by  means  of  steam 
to  35°,  some  steam  being  introduced  to  keep  the  lead  moist.  If  care  is  taken  to 
supply  carbonic  add,  after  from  ten  to  fourteen  daya  the  operation  is  finished,  and 
the  product  having  been  lixiviated  with  water  and  dried,  is  ready  for  use. 
siiiuA  Hahod  Hi  According  to  this  plan  the  metal  is  melted  in  a  large  iron  cauldron, 
iniu-Lwi.  and  then  made  to  flow  on  the  hearth  of  a  reverberatory  Aimace  so 
as  to  convert  the  lead,  by  proper  access  of  air,  into  litharge,  which  is  obtained  in  B 
'  very  finely  divided  state  by  a  peculiar  arrangement  of  the  furnace.  The  hearth  is 
eonstmct«d  with  a  gutter,  into  which  the  fusing  mass  flows ;  and  the  sides  or  walls 
of  the  gutter  are  perforated  to  admit  of  the  passai^'n  of  the  molten  lithai^e,  while  the 
heavier  metal  ainks  to  the  bottom.  The  litharge  is  next  mixed  with  i-iooth  of  i\M 
weight  of  a  solution  of  acetate  of  lead,  and  then  placed  in  a  series  of  closed  troughs 
communicating  with  each  other  and  admitting  of  the  psssage  of  a  current  of  impure 
carbonic  acid,  obtained  hy  the  combustion  of  coke  in  a  fomace  provided  with  a  blast 
to  give  an  impulse  lothe  gas.  The  litharge  is  continually  stirred  by  machineiy  to 
accelerate  the  absorption  of  the  carbonic  acid  gas.    White-lead  made  by  this  process 


coTera  very  well,  and  ia  preferred  to  that  prepared  by  the  wet  method.  We  may 
mention  in  passing  that  it  is  the  custom  in  this  country  to  bring  white-lead  into  the 
market  ground  wilfa  linseed  oil  to  a 
thick  paste,  packed  in  strong  oaken 


vwikVMhDdoi  This  method,  in- 
^iSSSU  vented  by  MM.  Th«- 
nard  the  elder,  and  Board,  is  not 
only  generally  adopted  in  France 
but  in  all  conntriea  where  it  is 
desired  to  cany  out  a  really  sound 
and  rational  plan  of  white-lead 
mann&ctnre.  The  method  ia  as 
follows: — Litharge  ia  dissolved  in 
aoetic  acid  to  obtain  a  solndon  of 
baaio  acetate  of  lead, 

'*^^^S'[0,-HPbH.0,; 
and  thiongh  Oie  solution  a  current 
of  carbonic  acid  gas  is  passed.  Two 
molecoles  of  oxide  of  lead  are  cou- 
Ttoted  into  white-lead,  while  neutral 
acetate  of  lead  remains.  Litharge 
ia  again  added  to  the  solution  of 
this  salt,  and,  by  digestion,  more 
snbaoetate  of  lead  is  obtained,  wliich 
is  applied  as  Just  described. 

*»5gJ™"»  The  machinery 
"o^Ih"  '""'  contriTttnces  at 
Cliehy,  near  Paris,  for  effecting  the 
method  jnst  explained,  are  exhi- 
bited in  Fig.  31.  In  the  tab,  a,  the 
litharge  ia  dissolved  in  acetic  acid. 
■  c  ia  a  stirrer,  moved  by  meana  of 
the  shaft  shown  in  the  engraving, 
bearing  at  the  top  a  pulley  for  the 
atrtg.  The  solution  of  basic  acetate 
of  lead  can  be  run  off  through  the 
tap  into  the  veasel  b,  made  of  copper 
and  tanned  inmde,  the  object  being 
to  let  the  imparities  the  solution 
might  contain  subeide.  From  k  the  fluid  is  led  into  tlie  decomposition  vessel  con- 
structed with  800  tnbes,  which  pass  from  the  top  to  a  deplh  of  32  centime,  beneath  the 
level  of  the  fluid.  These  tubes  are  in  communication  with  the  main-pipe,  gg,  which 
also  conunnnicates  with  the  washing  apparatus,  f,  answering  the  purpose  of  purifier 
lor  the  carbonic  acid  gas  generated  in  the  small  lime-kiln,  o,  by  the  ignition  of  a 
mixture  of  at  parts  by  bulk  of  chalk  and  i  part  by  bulk  of  coke  with  sufficient  access 
of  air.  The  daoompoaitian  of  the  basic  acetate  of  lead  being  finished  in  from  twelve  to 
Iburteen  hours,  the  nipeinatant  liquor,  neutral  acetate  of  lead,  is  run  off  into  the 
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vessel,  f ,  and  the  semi-fluid  magma  of  white-lead  passes  into  o.  The  pump,  r,  serves 
to  again  convey  the  neutral  acetate  to  the  tank,  a,  and  the  operation  is  re-commenced. 
The  white-lead  in  o  is  well  washed — the  first  wash-water  being  conveyed  back  to  the 
tank,  A — and  after  drying  is  ready  for  use.  In  order  to  obtain  the  carbonic  acid 
cheaply,  it  has  been  proposed  to  ignite  a  mixture  of  chalk  or  limestone,  charcoal,  and 
peroxide  of  manganese  (CaC03-|-C-|-3MnOa=Mn304-|-CaO-|-2C02.)  Where  admis- 
sible, the  carbonic  acid  resulting  from  the  fermentation  of  beer- wort,  or  of  distillery- 
wash,  may  be  applied.  Natural  sources  of  carbonic  acid  sometimes  occur  in  the 
neighbourhood  of  active  or  extinct  volcanoes ;  and  near  Brohl,  close  to  the  Laacher  Sea 
in  Rhenish  Prussia,  a  locality  well-known  to  tourists,  a  very  plentiful  and  continuous 
supply  of  carbonic  acid  is  naturally  obtained  and  actually  applied  for  the  purpose 
under  consideration. 

Among  the  very  various  suggestions  for  improved  methods  of  making  white-lead,  and 
for  which  an  enormous  number  of  patents  have  been  taken  out,  especially  in  this  coxmtry 
and  in  the  United  States,  we  briefly  mention  the  following : — MM.  Button  and  Dyer  first 
slightly  moisten  htharge  with  water,  next  mix  it  with  a  small  quantity  of  a  solution  of 
acetate  of  lead,  place  the  mixture  in  a  stone  trough,  agitating  and  passing  hot  carbonic 
acid  over  it.  PaUu  (1859)  causes  finely-divided  lead  to  be  thrown  with  great  force,  by 
means  of  a  centrifugal  machine,  on  an  inclined  plane,  care  being  taken  to  moisten  the  lead 
with  acetic  acid.  After  the  lapse  of  an  hour,  the  finely-divided  lead  is  converted  into 
acetate  and  carbonate.  A  solution  of  acetate  of  lead  is  then  poured  over  the  mass,  and 
the  acetate  of  lead  it  contains  is  dissolved,  while  the  white  lead  is  carried  into  a  tank,  and 
there  forms  a  deposit.  M.  Gruneberg  fi86o)  prepares  white-lead  by  submitting  granu- 
lated lead  to  the  simultaneous  action  01  air,  acetic,  and  carbonic  acid,  aided  by  the  rapid 
motion  of  the  metal.  From  private  information  obtained  from  the  largest  wholesale  house 
in  London,  whose  connections  and  trade  relations  embrace  literally  the  whole  world, 
dealing  in  white-lead,  we  have  learned  that  not  i-ioooth  part  of  the  lead,  as  it  is  techni- 
cally termed,  of  good  and  saleable  qu^ty  met  with  in  the  trade,  is  made  by  these  new 
processes,  since  the  products  of  most  of  them  are  deficient  in  some  respect  or  other. 
White-Lead  from  It  is  wcll-known  that  sulphate  of  lead  (PbS04)  is  a  by-product  of 
Sulphate  of  Leau.  yarious  chemical  operations,  especially  such  as  are  carried  on  in  ooimection 
with  dyeing  and  caUoo-printing.  The  salt  of  lead  thus  obtained  is  a  refuse  which  it  has 
been  sought  to  utilise  in  many  ways.  As  it  does  not  possess  covering  power,  it  cannot  be 
used  instead  of  white-lead  as  a  pigment,  and  the  difficulty  of  reducing  it  to  metallic  lead 
renders  its  metallurgical  utilisation,  if  not  impossible,  at  least  highly  objectionable.  It 
has  been  used  as  a  gas-purifier  instead  of,  or  in  connection  with,  lime,  and  for  this  purpose 
it  is  a  very  fit  material,  and  by  becoming  converted  into  sulphuret  of  lead  it  may  be 
afterwards  utilised  as  a  lead  ore.  It  is  converted  into  white-lead  by  digesting  it  with  a 
solution  of  either  carbonate  of  ammonia  or  of  soda.  The  best  method  for  converting  the 
sulphate  of  lead  into  metaUic  lead  is  to  mix  the  air-dried  salt  with  67  per  cent  of  chalk, 
12  to  16  per  cent  of  charcoal,  and  37  per  cent  of  fiuor-spar,  apd  to  smelt  this  mixture  in  a 
furnace.  The  result  is  the  formation  of  carbonate  of  lead,  which  is  reduced  to  the  metallic 
state  by  carbon,  the  sillphate  of  lead  and  fluor-spar  combining  as  a  slag — 

(PbS04 -h  CaCOj  +  20 -f- nFlaCa = Pb + 3CO + CaS04 -f  nFlaCa) , 
According  to  Dr.  Bolley,  sulphate  of  lead  may  be  reduced  by  the  moist  method  by  placing 
the  salt  with  zinc  into  water,  the  result  being  the  formation  of  chloride  of  zinc  {sic)  and 
metallic  lead.*  M.  Erafft  proposes  to  convert  sulphate  of  lead  into  acetate  of  lead  by 
boUiug  the  former  with  a  solution  of  acetate  of  baryta,  sulphate  of  that  base  (permanent, 
or  Ghmese-white)  being  simultaneously  formed. 
Theorr  of  Preparing  Leaving  out  of  the  question  the  preparation  of  white-lead  from  sul- 
WMte-Lead.  phatc  of  lead,  the  preparation  of  the  pigment  as  regards  all  the  other 
methods  is  dependent  upon : — 

1.  The  formation  of  basic  acetate  of  lead  ; 

2.  The  decomposition  of  that  compound  into  neutral  acetate  of  lead  and  white-lead. 
Viewing  white-lead  for  this  purpose  simply  as  a  carbonate  of  lead,  although  we  shall 

*  It  reads  in  the  original  exactly  as  above  translated,  but  whence  the  chlorine  for  the 
chloride  of  zinc  is  to  come  has  been  left  in  nubibtu;  water,  sulphate  of  lead,  and  metallic 
zinc  do  not  act  upon  each  other  unless  some  acid  be  present.  Should  dilute  sulphuric  be 
present  there  will  be  formed  sulphate  of  zinc. 
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prssentl^  see  that  the  white-lead  of  oommeroe  is  not  bo  Bimplj  constituted,  the  formation 
may  be  lUnstrated  by  the  following  formula : — 

I.  J I  C^HjO  i  0  +  3Pb  0  =  j  (CaH^^),  j  o„2PbH,0, ; 

Acetic  acid.  Basic  acetate  of  lead. 

n.  (^^^aOh  I  0a,2PbHa0a  +  2C0a  +  aPbCOa  +  |  (^^^30^2  |  q^ 

«■  ■*  >  -    ,     ■  «*        *^  * 

Basic  acetate  of  lead.  Carbonate     Neutral  acetate 

of  lead.  of  lead. 

It  is  therefore  e-vident  that  a  comparatively  very  small  quantity  of  acetate  of  lead  can 
produce  a  large  quantity  of  white-lead,  and  the  manufacture  of  that  material  would  be 
endless  but  for  the  fact  that  white-lead  retains  some  neutral  acetate  of  lead,  and  that  the 
loss  of  acetic  acid  cannot  be  practically  avoided. 
whfu-LaAd  from       M.  Tourmcntin  prepares  white-lead  from  basic  chloride  of  lead,  obtained 
ouoziiu  oi  Lc«d.  |,y  t^e  actiou  of  common  salt  upon  litharge,  by  mixing  that  compound 
with  water,  passing  through  it  a  current  of  carbonic  acid,  and  next  boiling  the  fluid  in  a 
leaden-pan  with  powdered  chalk  until  a  test-sample,  when  filtered,  does  not  become 
blackened  by  the  addition  of  sulphide  of  ammonium.    The  white-lead  thus  formed  is  freed 
from  salt  by  washing  with  water. 
*«i**^StUn2fer^       Mr.  Pattinson,  of  the  FeUing  Chemical  Works,  near  Newcastle-on- 
white-Leod.  °       Tyuc,  has  proposed  that,  instead  of  white-lead,  a  basic  chloride  (oxy- 
ohloride)  of  lead  should  be  used,  and  he  prepares  that  substance  by  adding  to  a  hot  solution 
of  chloride  of  lead  (PbCla),  containing  from  400  to  500  grammes  of  the  salt  to  the  cubic 
foot,  an  equal  bulk  of  saturated  lime-water.    This  addition  causes  the  throwing  down  of 
the  compound  (PbCl2+PbH202),  which  after  having  been  collected  on  a  filter  and  washed, 
is  dried  and  used  as  a  pigment.     The  chloride  of  lead  is  obtained  directly  from  galena, 
which  is  decomposed  from  leaden-vessels  with  strong  hydrochloric  acid.    The  sulphuretted 
hydrogen  thus  formed  is  carried  by  suitable  tubing  to  a  burner  in  the  sulphuric  acid 
chamber,  the  resulting  sulphurous  acid  from  the  combustion  being  used  for  the  produc- 
tion of  sulphuric  acid.    Pattinson's  white-lead  is  not  so  white  as  ordinary  white-lead,  its 
colour  verging  to  yellow,  but  this  is  no  objection  where  white-lead  is  to  be  used  with  other 
paints,  and  the  less  so  as  Pattinson' s  oxychloride  of  lead  covers  well. 
pkomtUm  of      When  unadulterated  and  well-made,  white-lead  is  an  exquisitely  fine  white- 
^rm-iMd.  coloured  powder,  void  of  taste  and  smell.    The  white-lead  of  commerce 
exhibits,  according  to  the  mode  of  preparation,  different  features ;  one  preparation  is  met 
with  in  flakes,  having  been  obtained  by  the  corrosion  of  thin  strips  of  lead  placed  in  pots. 
The  lead  known  as  Krems-lead  is  pure  white-lead  made  in  thin  cakes  by  means  of  gum- 
water. 

The  variety  of  white-lead  known  as  pearl-white  is  blued  with  either  a  small  quantity  of 
indigo  or  Berlin-blue.  The  white-lead  of  commerce  has  frequently  been  made  ^e  object 
of  chemical  analysis,  especially  by  Dr.  G.  J.  Mulder  and  M.  Gruneberg.  The  results  of 
the  analyses  of  the  under-mentioned  samples  prove  the  correctness  of  the  formula  given 
above.  The  numbers  refer  to : — i.  Erems  white-lead.  2.  I^ecipitated  by  the  Clichy 
method  and  manufactured  at  Magdeburg.  3.  From  the  Harz.  4.  Another  sample  from 
Krems.  5.  A  sample  from  a  chemical  laboratory  by  imitating  the  Dutch  method  on  a 
limited  scale.  6,  7.  Samples  from  Klagenfurt,  Carynthiii.  8.  English  lead  manufactured 
aeeording  to  the  Dutch  method. 

I.  2.  3.  4.  5.  6.  7.  8. 

Oxide  of  lead  ..  8377  85*93  86*40  86*25  84*42  86*72  86*5  86*51 
Carbonic  acid  ..  15*06  11*89  '1*53  'i'37  H'45  11*28  11*3  11*26 
Water x*oi        2*01        2*13        2*21        1*36        2*00        2*2        2*23 

It  ifi  certain  that  the  covering  properties  of  white-lead  are  dependent  upon  its  state  of 
aggregation,  because  a  loose  crystalline  white-lead  does  not  cover  nearly  as  well  as  the 
perfe<^y  amorphous  lead  prepared  by  the  old  Dutch  method.  It  appears  that  the  covering 
power  inoreases  with  the  amount  of  hydrated  oxide  of  lead.  This  is  proved  by  the  fact  that 
those  who  merely  choose  white-lead  by  its  covering  power  are  often  misled,  a  fact  lately  tested 
by  the  translator  of  this  work,  by  giving  to  a  man,  thoroughly  acquainted  with  white-lead 
as  eommeroially  met  with,  a  mixture  of  carefully-prepared  and  dried  hydrated  oxide  of 
lead,  to  whioh  white  precipitate,  subnitrate  of  bismuth,  and  carbonate  of  bismuth  had 
been  added.  The  man,  after  testing  a  series  of  samples  of  purposely -adulterated  white- 
feed,  all  of  which  he  detected  as  adulterated,  was  unable  to  speak  with  certainty  of  the 
above  mizinre,  which  he  took  for  pure  lead. 


72  CHEMICAL  TECHNOLOGY. 

Adnit«r»uon  of  It  has  been,  and  is  still,  to  some  extent,  the  custom  in  the  manafactories 
White-Load-  ^q  ^dd  to  white-lead  a  certain  quantity  of  sulphate  of  baryta,  either  native 
or  artificially  prepared.  Lead  is  often  mixed  with  sulphate  of  lead,  cluklk,  carbonate  of 
baryta,  sulphate  of  baryta,  and  pipe-clay ;  but  these  adulterations  are  most  common  in 
the  retaU  trade.  Not  any  of  these  substances  ought  to  be  present ;  they  possess  no 
ooTering  power  and  needlessly  absorb  oil.  Pure  white-lead  ought  to  be  perfectly  soluble 
in  very  dilute  nitric  acid,  and  in  the  resulting  clear  solution  caustic  potassa  should  not 
produce  a  precipitate,  for  if  it  does  chalk  is  present.  An  insoluble  residue  in  the  dilute 
nitric  acid  indicates  the  presence  of  gypsum,  heavy-spar,  or  sulphate  of  lead.  The 
sulphate  of  lead  may  be  recognised  by  reducing  the  lead  witii  the  blowpipe.  Sulphate 
of  baryta  can  be  made  evident  by  ignition  with  charcoal  in  the  blowpipe  flame,  treating 
the  residue  with  dilute  hydrochloric  acid,  and  adding  a  solution  of  gypsum,  which  again 
yields  a  precipitate  of  sulphate  of  baryta.  Gypsum  does  not  yield  an  insoluble  precipitate 
with  dilute  nitric  acid,  but  does  so  with  a  solution  of  oxalate  of  ammonia.  According  to 
Dr.  Stein  the  most  simple  method  of  estimating  quantitatively  a  mixture  of  white-lead 
and  sulphate  of  baryta,  is  to  heat  the  weighed  sample  in  a  piece  of  combustion-tube,  and 
to  collect  the  carbonic  acid  in  a  Liebig's  potassa-bulb,  a  chloride  of  calcium-tube  being 
fastened  by  a  perforated  cork  to  the  combustion-tube  to  absorb  the  moisture.  The 
quantity  of  carbonic  acid  given  off  stands  in  direct  proportion  to  the  quantity  of  carbonate 
of  lead  present.  Pure  white-lead  of  good  quality  gives  off  about  14*5  per  cent  of  the 
gas,  and,  according  to  Dr.  Stein's  researches,  the  undermentioned  series  of  mixtures  gave 
off  the  quantities  of  carbonic  acid  indicated. 

33*3  parts  of  white-lead  and  66*6  parts  of  heavy-spar  lost  by  ignition  4*5 — 5  per  cent. 
66-6  „  „  333  „  „  „       6-5—7        »» 

8o-o  „  „  200  „  „  „     13-0  „ 

50*0  „  „  500  »»  n  t.      10—10-4      „ 

AppiicAtioni  of  The  extensive  applications  of  this  material  as  a  constituent  of  paints, 
whiu-Lead.  **  ^o  give  body,"  as  the  term  runs,  and  as  putty,  and  for  various  chemical 
operations,  are  well  known.  It  has  been  experimentally  proved  by  Dr.  G.  J.  Mulder  in  his 
treatise  *'  On  the  Chemistry  of  Drying  Oils  and  the  Practical  Applications  to  be  drawn 
therefrom,"  that  the  quantity  of  white-lead  used  in  proportion  to  linseed-oil  for  painting 
purposes  is  far  too  great,  being  on  an  average  from  250—280  parts  of  white-lead  to  100 
parts  of  oil,  while  the  author  found  that  52  parts  of  unadulterated  white-lead,  or  44  parts 
of  oxide  of  lead  (PbO]  to  100  parts  of  raw  or  boiled  linseed-oil  are  amply  sufficient 
quantities.  White-leaa,  however  useful,  is  very  sensitive  to  the  action  of  sulphuretted 
hydrogen,  by  which  it  is  blackened  and  discoloured,  causing  not  only  all  the  white  paint 
to  be  spoiled,  but  also  all  pigments  and  paints  of  which  white-lead  is  a  constituent,  as 
may  be  seen  to  a  very  large  extent  every  summer  at  Amsterdam,  where  from  the  stagnant 
canals  sulphuretted  hydrogen  is  abundantly  given  off.  The  action,  however,  of  ^e  sea 
air  in  autumn  has  the  effect  of  somewhat  restoring  the  blackened  and  discoloured  painted 
surfaces  to  their  primitive  hue.  The  late  Professor  Thtoard  suggested  that  pictures  which 
had  become  blackened  should  be  cleaned  by  means  of  peroxide  of  hydrogen,  the  oxygen 
of  which  present  as  ozone  converts  the  blackened  lead  colours  into  white  sulphate 
of  lead. 

In  this  country  it  has  become  an  almost  universal  custom  to  sell  white-lead  ready 
ground  with  linseed-oil  into  a  thick  paste.  This  practice  certainly  saves  painters  a 
great  deal  of  trouble,  but  is  also  pregnant  with  the  difficulty  of  detecting  adul- 
teration, while  there  is  a  chance  of  an  inferior  oil,  rosin  oil,  being  added.  The 
oil  almost  entirely  prevents  the  action  of  any  acid  upon  the  paste ;  even  if  very  strong 
nitric  acid  be  taken,  and  heat  applied,  the  decomposition  and  disintegration  are 
very  slow  and  incomplete,  and,  besides,  owing  to  the  insolubility  of  nitrate  of  lead 
in  nitric  acid,  the  action  of  strong  nitric  acid  upon  oil  thus  mixed  gives  rise  to  a 
variety  of  compounds,  which  interfere  with  the  usual  modes  of  testing  the  white- 
lead.  To  remove  the  oil  in  order  to  test  white-lead,  the  best  plan  is  to  thoroughly 
incorporate  some  of  the  sample  vtdth  a  mixture  of  chloroform  and  strong  alcohol  in 
equal  parts,  and  to  wash  the  mass  by  decantation  or  on  a  filter  vdih  a  fluid  composed 
of  2  parts  of  chloroform  and  i  of  strong  alcohol.  The  quantity  of  the  oil  may 
then  be  ascertained  by  the  evaporation  of  this  solvent.  After  washing  once  or  twice 
with  boiling  alcohol  and  then  drying,  the  white-lead  can  be  readily  tested  by  any  of 
the  known  methods. 


Tin. 

(Sn=ii8;  Sp.  gr.=7'28.) 
onamwiud  Tin  does  not  occur  naturally  in  a  metallic  state;  it  is  found  aa 
ttoitiu).  oxide  in  tinstone,  or  tin  ore,  SnO,.  containing  79  per  cent  of  metal, 
and  as  sulphnret  of  tin  in  combination  with  other  metallic  sulphurete  in  tin  pj^tes, 
(aCn,S  +  SnS,)  +  2(FeS,ZnS|,SnS,.  with  26  to  29  per  cent  of  tin.  Tin  ore  occara 
either  inlergpersod  in  veins,  in  ejremtic  and  siTiulaJ  rocks,  or  in  secondary  formations 
depoaited  &om  water,  and  consisting  of  vorions  detritus,  when  it  is  known  as  infer. 
These  ores  are  not  as  a  rule  simplj  composed  of  pure  oude  of  tin,  but  contain  various 
other  metallic  oomponnds,  among  which  are  sulphur,  areenic,  zinc,  iron,  and  copper. 
In  some  instances,  in  Cornwall.  Malacca,  Banca,  and  Billiton,  tin  ore  is  met  with 
among  the  detritus  of  ancient  river-beds  in  a  very  pure  state,  since  the  mechanical 
separation  of  the  ore  from  impurities  has  been  perfonned  by  natore  itself,  and  as  a 
consequence  these  ores  yield  a  purer  met&l  than  the  ore  obtained  from  veins,  which 
has  to  undergo  dressing,  washing  with  watef,  and  roasting,  previously  to  being 
smelted,  in  order  to  eliminate  the  arsenic,  sulphur,  and  antimony.  Tinstone  occurs 
in  Saxony  in  the  earlier  granitic  formation.  The  ore  is  accompanied  by,  and  partly 
mixed  with,  wolfram,  molybdenum-glance,  sulphur,  and  arsenical  pyrites,  and  bears 
the  name  of  Zinnzwitter.  Fig.  32,  I.  and  II.,  represent  the  furnace  in  use  at 
Altenberg,  Saxony,  for  smelting  the  roasted  tin  ore.  It  ia  built  of  granite  upon  a 
Fio.  32. 


fSi^  i*"!^'...  ^jj,-^i^siH 


•tnmgfenndationof  gneiss,  and  is  about  three  metres  in  height,  a  is  tite  shaft,  B  the 
fere-hearth,  and  n  the  bottom -stone,  consisting  of  one  single  piece  of  granite  scooped 
ont  ia  the  direction  of  b.  b  is  in  communication  with  the  iron  caldron,  c ;  iriiile  the 
tuyere  of  the  blast  is  placed  at  b.  The  ore,  mixed  with  coke,  cool,  or  charcoal,  and 
with  slag  from  former  smeltings,  is  placed  in  1:  the  reduced  tin  collects  first  on  the 
fen-hearth,  B,  and  rung  thence  into  c.  The  metal,  however,  is  not  pure,  but  contains 
irco  and  WBenic.  It  is  separated  from  these  impurities  by  a  process  of  liquation ; 
fte  pure  tin  fusing  more  readily,  oozes  out  and  leaves  behind  an  alloy  of  iron  and 
tin  fusible  with  greater  difficulty.  The  metal  thus  obtained  is  very  pure,  containing 
hardly  aa  mneb  as  01  per  cent  of  foreign  metals ;  it  is  known  in  the  trade  as  refined 
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tin.    Tlie  slags,  as  well  as  tlio  alloy  remaining,  are  smelted  separately  or  together 

for  tin,  and  the  result  brought  into  the  market  as  block-tin.    In  Bohemia  and  Saxonj, 

tin  is  cast  either  in  ingots  or  in  cakes.     Banca  and  Billiton  tin,  a  very  pure  metal, 

is  cast  in  slabs.     If  tungsten  ores  occur  with  tin  ores,  there  is  great  difficulty  in 

obtaining  pure  metal.     Tin  ore  found  in  Cornwall — and  this  county  has  yielded  tin 

for  at  least  zooo  years— has  to  be  smelted  according  to  tlie  ancient  Stannary  laws. 

Propertie*  of  Tin.       Tin,   as  regards  its  colour,  approacheB  the  nearest   to    silver,  only 
differing    by  a  somewhat    bluish   hue,   and  it   exhibits   a  high  metallic   lustre    very 
similar  to  silver.    It  is  next  to  lead  the  softest  metal,  yet  is  somewhat  sonorous,  for  if  a 
rod  of  tin  be  free  to  swing,  and  is  gently  tapped,  a  sound  is  produced ;  this  is  not  the 
case  under  similar  conditions  with  lead,  thus  proving  tin  to  be  considerably  harder,  fdso 
proved  by  the  fact  that  it  is  not  easily  scratched  with  the  nail.    The  bending  of  a  rod  of 
tin  causes  a  creaking  noise,  which  is  the  stronger  the  purer  the  tin.    Tin  is  very  malleable, 
and  admits  of  being  beaten  to  very  thin  foil,  but  it  is  not  a  very  ductile  metaL    When 
rubbed  between  the  fingers  it  imparts  to  them  a  peculiar  odour.     The  sp.  gr.  of  pure  tin 
is  7*28,  and  by  haiflmering  may  be  increased  to  7*29 ;  a  cubic  foot  of  tin  weighs,  according 
to  its  purity,  from  375  to  400  lbs.    Tin  fuses  at  228"^,  and  becomes  very  brittle  when 
heated  to  nearly  that  temperature.    If  the  metal  is  intended  for  casting — it  is,  however, 
very  rarely  used  in  a  perfectly  pure  st%te  for  castings,  as  it  does  not  fill  the  moulds  well — 
its  metallic  lustre  and  degree  of  cohesion  after  oooUng  entirely  depend  upon  the  tempera- 
ture of  the  tin  at  the  time  of  casting.    If  too  hot  and  exhibiting  rainbow  colours,  its  sur- 
face will  appear  striped  and  reddish-yeUow  after  cooling,  and  the  metal  will  be  brittle 
if  again  heated  to  100^  to  140° ;  if  not  sufficiently  heated,  though  in  a  fluid  state,  it  is,  after 
cooling,  duU  and  brittle.    The  greatest  metallic  lustre  is  obtained,  and  simultaneously  Uie 
greatest  cohesive  strength,  when  the  surface  of  the  metal  while  molten  exhibits  a  high  degree 
of  lustre.    At  a  white  heat  tin  boils  and  volatilises,  air  of  course  being  excluded ;  for 
if  the  metal  be  kept  fused  in  contact  with  air,  it  becomes  covered  with  a  greyish  coating 
of  protoxide  of  tin  and  finely  divided  metal,  termed  tin-ash,  which  substance  when  the 
heating  is  continued  becomes  converted  into  a  yellowish-white  stannic  oxide,  known 
as  putty  powder.    Tin  by  exposure  to  air  gradually  loses  its  metallic  lustre,  but  is  by  no 
means  so  readily  affected  by  sulphuretted  hydrogen  and  ammoniaoal  vapours  as  silver, 
and  is  used  to  imitate  that  metal  in  the  construction  of  lustres  for  gas  lamps,  &e. 

AppiiMtioni  of  Tin.  Kow  that  ohina  and  earthenware  have  beoome  cheap,  and  other  alloys 
are  used  for  spoons,  tin  is  not  so  frequently  in  demand  as  in  former  times  for  domestic 
utensils.  Tin,  though  next  to  silver  the  dearest  of  metals,  is  met  with  in  quantities 
measured  by  the  ton,  which  of  tin  varies  in  price  from  £120  to  £180 — copper  being 
from  £95  to  £105 — and  is  largely  used  both  as  an  alloy  (for  those  with  copper 
«ee  under  that  metal),  and  in  a  pure  state  for  various  kinds  of  vessels  for  pharmaceutical 
and  chemical  operations,  for  worms  of  distilling  apparatus,  for  the  working  parts 
for  dry  and  wet  gas-meters,  and  for  block-tin  pipes  for  conveying  gas  and  water,  &o. 
However,  for  many  purposes,  an  alloy  known  in  this  country  as  pewter,  of  lead  and  tin  in 
varying  proportions,  is  preferred,  because  this  compound  is  harder  and  stands  wear  and 
tear  better  than  these  metals  separately.  An  alloy  of  lead  and  tin  is  called  abroad 
two'poundly  when  the  metals  are  present  in  equal  quantities,  and  three-pmmdly  when 
consisting  of  2  pounds  of  tin  and  i  of  lead.  Tin,  either  pure  or  more  or  less  alloyed  with 
lead,  may  be  beaten  or  roUed  into  thin  sheets  and  foil,  and  applied  in  a  great  many  ways ; 
among  which,  one  of  the  chief,  although  gradually  being  superseded  by  a  process  of  silvering, 
is  tinning  or  amalgamating  mirrors.  Tin-foil  is  also  used  for  the  packing  of  chocolate, 
«oap,  cheese,  fruit,  (&c.,  all  of  which  keep  very  well  under  these  conditions.  Commercial 
siiver-foil  or  leaf-silver  is  an  alloy  of  tin  with  a  little  zinc;  in  combination  with  other 
metals,  viz.  copper,  antimony,  and  bismuth,  in  varying  but  small  quantities,  it  constitutes 
a  composition  metid  used  for  making  teaspoons  and  other  similar  objects.  Britannia  metal 
eonsists  of  10  parts  of  tin  and  i  of  antimony,  its  various  appUcations  are  well  known. 

As  the  specific  gravity  of  those  metals  with  which  tin  is  purposely  or  naturally  alloyed 
differs,  the  determination  of  the  sp.  gr.  is  a  means  of  estimating  the  purity  of  the  metal. 
The  undermentioned  figures  illustrate  this  in  the  more  commonly  occurring  alloys  of  tin 
and  lead. 

Parts  Sn  +  Parts  Pb       Sp.  gr. 
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The  material  known  as  pattj-powder  and  oaloiued  tm-ash  is  nsed  for  polishing  glass 
and  metals,  and  for  prodacing  wliite  enamels. 

Tinninir.  Bj  this  term  we  underutand  the  covering  of  other  metallic  snrfaces  with  a  thin 
and  adhesive  film  of  tin.  This  operation  only  succeeds  well  when  the  surface  of  the  metal 
to  be  tinned  is  quite  free  from  oxide,  and  when  during  the  operation  the  oxidation  of  the 
molten  tin  is  prevented.  The  former  requisite  is  attained  by  the  action  of  dilute  acids,, 
rubbing  and  scouring  with  sand,  pumice-stone,  &c. ;  the  latter  condition  by  the  use  of 
either  rosin  or  sal-ammoniac,  both  of  which  cause  the  reduction  of  any  oxide  that  may  be 
formed. 

Tinuine of  co|>ver,  Bnas  The  vessels  Of  Other  objects  intended  to  be  tinned  are  heated' 
•od  )iaiieAi)le  iroa,  nearly  to  the  meltiug-point  of  tin  ;  some  molten  tin  is  then  poured 
into  the  vessel  and  brushed  about  with  a  piece  of  hemp  over  which  some  powdered  sal- 
ammoniac  is  strewed.  Pins,  hooks  and  eyes,  small  buttons,  and  similar  objects  are  tinned 
by  being  boiled  in  a  tinned  boiler  tilled  with  water,  granulated  tin,  and  some  cream  of 
tartar.     The  tinned  objects  are  dried  by  being  rubbed  with  sawdust  or  bran. 

TfniMd  8b«et-iron.  This  well-known  material,  from  which  so  many  useful  objects  are  made 
by  the  tinman,  is  not,  as  is  frequently  supposed,  rolled  out  sheet-tin,  but  tinned  sheet-iron, 
llie  iron  previously  to  being  covered  with  tin  is  thoroughly  scoured,  so  as  to  present  a 
elean  metallic  surface,  and  then  immersed  in  baths  of  molten  tin  covered  with  a  layer  of 
molten  tallow  to  prevent  the  oxidation  of  the  metal.  On  being  removed  from  the  tin-bath 
the  sheets  are  immersed  in  a  bath  of  molten  tallow  to  remove  any  excess  of  tin,  wiped 
with  a  brush  made  of  hemp,  next  cleaned  with  bran,  and  packed.  In  order  to  obtain  iron 
covered  with  an  alloy  less  easily  fusible,  MM.  Budy  and  Lammatsoh  add  about  •fikth  of 
nickel  to  the  tin. 

Moin-MetAiiiQiM.  When  tinned  sheet-iron,  technically  termed  tin-plate,  is  washed  over 
with  a  mixture  consistmg  of  3  parts  of  hydrochloric  and  i  part  of  nitric  acid  diluted  with 
3  parts  of  water,  and  then  cleaned  with  pure  water,  there  will  be  observed  a  peculiar, 
somewhat  mother-of-pesrl-like  appearance,  due  to  the  crystalline  particles  of  tin,  produced 
by  the  rapid  cooling,  retlecting  the  light  unequally. 

Prepaiutions  of  Tin. 

^^SSSSmS^'  '^^  substance  known  under  that  name  is  in  reality  a  bisulphide  of 
tin  (SnS«),  prepared  in  the  following  manner : — 4  parts  of  pure  tin,  with  2  of  mercury, 
are  amalgamated  by  the  aid  of  a  gentle  heat,  and  introduced  with  2i  parts  of  sulphur 
and  2  of  sal-ammoniac  into  a  flask,  and  heated  on  a  sand-bath,  at  first  gently  and 
then  gradually  increasing  to  a  full  red  heat.  First  the  sal-ammoniac  volatilises,  and 
next  mercury  in  the  shape  of  cinnabar  mixed  with  a  trace  of  the  sulphide  of  tin ;  while 
there  is  left  the  preparation  known  as  mosaic-gold,  forming  the  upper  layer  of  the 
remaining  contents  of  the  flask,  the  low^er  portion  being  a  badly-coloured  sulphide. 
The  rational  of  the  formation  of  this  peculiar  coloui-ed  sulphide,  that  is,  peculiar  as 
regards  its  phyuical  appearance,  is  not  quite  clearly  explained ;  the  compound,  more- 
over, may  he  prepared  without  mercury.  When  properly  prepared,  it  appears  as  a 
golden-coloured  metallic  substance,  greasy  to  the  touch,  and  soluble  in  the  alkaline 
lolphurets.  It  is  chiefly  used  for  imitating  gilding  on  painted  surfaces,  hut  its 
employment  is  very  much  restricted  from  the  fact  that  the  bronze-colours  are  more 
aatisflBM^ry  in  result.     Indeed,  in  the  English  market,  mosaic -gold  is  almost  obsolete. 

TteMit.  By  the  name  of  tinsalt  the  trade  understands  chloride  of  tin  (SnCl«),  but 
the  commercial  article,  being  prepared  by  dissolving  granulated  tin  in  hydrochloric 
add  and  evaporating  the  solution,  is  really  (SnCla+^H^O).  According  to  M.  Nollner 
hydrochloric  acid  gas  should  be  caused  to  act  on  granulated  tin  placed  in  earthenware 
receivers,  and  the  concentrated  tinsalt  solution  thus  obtained  evaporated  in  block-tin 
vessels.  The  salt  occurs  in  the  trade  in  colourless,  transparent,  deliquescent 
crystals,  of  course  very  soluble  in  water.  The  aqueous  solution,  unless  acidulated 
with  more  hydrochloric  or  tartaric  acid,  soon  deposits  a  basic  salt.  Tinsalt  is  used 
chiefly  in  dyeing  and  calico-printing. 
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"^F^^^      Under  this  name  djere  use  a  solution  of  refuted  block-tin  io  aqua 
regia,  and  usually  this  substance  is  a  mixture  of  perchloride  and  protodiloride  of  tin. 
The  material  known  Bs  pinkaalt  is  a  double  chloride  of  tin  and  anunonium — 
(SnCl,+2NH,Cli, 

'  A  concentrated  aqueous  solution  of  this  salt  is  not  decomposed  by  being  boiled,  but, 
when  diluted,  the  oxide  of  tin  is  thrown  down.    Pure  cliloride  of  tin  is  used  in  Franoe 

■in  the  preparation  of  fuchsine;   while  as  a  sululian  it  is  used  by  M.  Th.  Peter,  at 
Chemnitz,  for  dyeing  in  iodine -green. 

SMuuUiirsiidL  This  salt  is  now  very  largely  used  in  dyeing  as  well  as  in  oalioo- 
printing,  and  is  prepared  in  various  ways,  sometimes  by  fusing  tin-ores  with  canstio- 
Boda  and  lixiTiating  the  molten  mass  with  water ;  or,  according  to  Mr.  Brown,  by 
boiling  soda-lye  with  metallic  tin  and  litharge,  the  effect  being  the  formation  of 
stannate  of  soda  and  metallic  lead.  Dr.  HalTely  somewhat  modifies  this  process  by 
digesting  litbarge  with  soda-lye  at  zz  per  cent  in  a  metallic  vessel.  Into  the  solution 
of  pliimbat«  of  soda  thus  obtained,  granulated  tin  is  placed  and  heat  applied.  Some- 
times a  atannite  of«oda  is  osed  and  made  by  dissolving  tinsalt  in  an  excess  of  caustic 
soda,  but  this  preparation  is  unstable  and  does  not  answer  well  in  dyeing  and  printing  \ 
it  is  only  extemporaneously  used  on  a  limited  scale  by  small  dyers. 

BiBUCTH. 

(Bi=*io;  Sp.  gr.  =  9-79l. 
""S^oSu^"*'      Bismuth  is  a  rather  rare  metal.    It  occurs  in  Peru  and  Australia, 
chiefly  native,  and    with  cobalt  and  silver  ores  in  granite-gneiss  and  metamorphic 
rocks.    It  is  also  found  as  oxide,  the  ore  being  known  as  bismuth-ochre,  BiO^,  con- 
taining Sgg  per  cent  metal ;  as  sulphide,  or  bismuthine,  BiSj,  with  8o*g8  per  cent 


metal ;  and  as  bismuth  coppef  ore  wiQi  47  34  bismuth  As  bismuth  is  chiefly  found 
in  the  native  metallic  state,  and  is  a  readily  fusible  metal,  its  extraction  &om  gangne 
is  not  a  difficult  matter,  and  consists  in  a  process  of  liqnation. 

""StoiS*""'  '^^  contrivance  in  use  near  Schneeberg,  in  Saxony,  for  the  smelt- 
ing of  bismuth  is  exhibited  in  Fig,  33.  The  ore.  containing  on  an  average  from 
4  to  12  per  cent  metal,  separated  as  much  as  possible  by  mechanical  means  from  the 
gangne,  is  broken  up  to  the  aize  of  hazel-nuts  and  placed  in  the  cast-iron  tube.  i. 
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heated  bj  means  of  the  fdmace.    The  fluid  metal  runs  out  into  b,  an  iron-pot  kept 

sojficientlj  hot  by  means  of  charcoal  to  prevent  the  solidification  of  the  metal,  and 

partly  filled  with  charcoal-powder  to  prevent  the  oxidation  of  the  metal.    The  residue 

in  the  iron  tube  is  discharged  into  the  water  wliich  fills  the  box,  d.     By  this  method 

of  liquation  about  two-thirds  of  the  bismuth  contained  in  the  ore  is  reduced.  Bismuth, 

as  has  been  stated  (see  Cobalt),  is  obtained  as  a  by-product,  and  from  the  refuse  of  the 

refining  of  certain  silver  ores  which  are  treated  with  dilute  hydrochloric  acid,  the  basic 

chloride  of  bismuth  being  precipitated  by  water,  afterwards  dried,  and  reduced  by 

means  of  soda. 

prop«rtiM  of  Btannih.      Bismuth  posscsses  a  reddish- white  colour,  strong  metallic  lustre, 

and  crystalline  texture.    It  is  hard,  but  so  brittle  that  it  is  readily  pulverised,  yet 

with  careful  treatment  proves  to  be  somewhat  ductile.    Its  fusion-point  is  variously 

given  by  different  authors,  the  latest  determination  of  pure  metal  in  an  atmosphere  of 

hydrogen  is  by  Dr.  van  Riemsd^k,  who  found  bismuth  to  melt  at  2683°.    On  cooling 

bismuth  expands  very  considerably. 

a  is  Saxony,  p  Peruvian  bismuth ;  composed  in  xoo  parts : — a.  Bismuth,  96731 ;  anti- 
mony, 0*625;  arsenic,  0*432;  copper,  1*682;  sulphur,  0*530.  /3.  Bismuth,  93*372; 
antimony,  4*570 ;  copper,  2*058. 
Ay^MtfoM  Of  Bismuth  ia  the  metallic  state  is  chiefly  used  for  certain  alloys.  Its  oxide 
**^"*^  enters  with  boric  and  silioio  acids  into  the  composition  of  some  kinds  of 
glass,  and  is  used  for  porcelain-  and  glass-staining.  The  basic  nitrate,  or  magUterium 
bisnnUhi,  and  the  carbonate  are  used  in  medicine,  and  the  former,  under  the  name  of 
Blame  de  fard,  is  employed  by  ladies  for  painting  and  beautifying  their  faces.  Among  the 
alloys  of  bismuth  those  with  lead,  tin,  and  cadmium  (see  that  metal),  are  the  most  impor- 
tant. Newton's  fusible  alloy  is  composed  of  bismuth,  8  parts ;  tin,  3  ;  lead,  5 ;  and  melts 
at  94*5*.  Boss's  fusible  metal  consists  of  2  parts  of  bismuth,  i  of  lead,  i  of  tin,  and 
fnses  at  93*75.  If  a  small  quantity  of  cadmium  be  added  to  these  alloys  they  are 
rendered  still  more  easily  fusible.  An  alloy  composed  of  lead  3  parts,  tin  2  parts,  bis- 
muth 5  parts,  fuses  at  91*66,  and  may  be  used  for  stereotyping  purposes,  but  is  rather 
expensive.  This  alloy  is  also  used  for  making  the  pocket-book  metallic-pencil  for  writing 
on  paper  prepared  with  bone-ash.  Alloys  oontsining  bismuth  were  used  as  safety-plugs 
in  steam-boilers ;  these  plugs  were  screwed  iato  one  or  more  of  the  plates  exposed  to  the 
force  of  the  steam,  usually  ia  or  near  the  steam-chest  or  dome,  the  idea  being  that  the 
plugs  would  melt  if  the  temperature  of  the  steam  rose  beyond  certain  limits.  Experience, 
however,  has  sufEioiently  proved  that  these  plugs,  although  carefully  made,  did  not  act  as 
a  real  preventative  to  boiler-explosions. 

ZiNO. 

(Zn=65-2 ;  Sp.  gr.=7-i  to  7-3) 

oeeiBTCDM  of  Zinc  This  metal,  known  only  a  comparatively  short  time,  is  never  found 
native,  but  in  combination  with  sulphur  (ZnS),  with  67  per  cent  of  Inetal,  under  the 
name  of  blende  or  black-jack,  the  ore  sometimes  containing  traces  of  indium.  It  also 
occurs  oombined  with  oxygen  as  noble-calamine,  carbonate  of  zinc,  or  zinc-spar 
(ZnCOj),  with  52  per  cent  of  zinc;  as  ordinary  calamine-stone,  or  hydrated  silicate  of 
zinc,  with  53 '8  per  cent  of  metal;  as  red  zinc-ore  or  red  oxide  of  zinc,  frequentiy 
eontaining  manganese ;  as  Grahnite  (AlZn04) ;  and  further  as  an  admixture  with  other 
ores. 

mJSSi&m,  ^®  general  plan  is  to  roast  the  ore  and  then  mix  it  with  the  requi- 
site quantity  of  carbonaceoxu  matter  and  suitable  flux,  care  being  taken  that  the  latter 
^}^^Jl  liot  give  rise  to  the  formation  of  any  oxidising  material ;  for  instance,  if  the  ore 
requires  iLne  as  flux  to  take  up  the  gangue,  calcined  limestone,  and  not  chalk  or 
limestone  is  used.  The  action  of  the  fuel  is  aided  by  a  blast,  best  of  Shy  air.  Ilie 
prodocts  of  this  mode  of  treatment  are:~i.  MetaUic  zinc,  the  vapours  of  which 
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condenBe  in  properly  coiiatrncted  and  cool  chuiueU.  z.  Hot  gases  usually  applied  for 
heating  steam-boilerB  or  other  purposes.  3.  The  non-volatile  materiBls,  gangue  and 
flux,  slag  with  some  metal. 

suimuiapsi^Uiie  With  the  exception  of  cadmium,  zinc  is  the  most  Tolatile  of  the 
readily  fusible  metals,  while  its  melting-point  is  ueariy  twice  the  number  of  degrees  of 
that  of  tin,  the  roost  fusible  of  the  commercially  valuable  metals ;  this  property  is 
utilised  in  extracting  the  metal  &om  its  ores.  The  mode  of  distillation  varies  in 
some  particulars  in  the  three  chief  zinc  producing  countries.  Silesia,  Belgium,  and 
England.  In  Silesia  and  Germany  the  appiLratus  used  for  the  distillation  of  zinc 
consists  (see  Figs.  33,  34,  and  35)  of  a  muffle-shaped  fire-clay  retort,  the  front  or 
month  of  which  ie  provided  with  two  openings,  the  lower,  a,  being  closed  by  a  door 

FiQ.  34. 


which  is  opened  only  when  the  residue  of  the  distillalion  is  taken  out.  At  b,  tho 
other  opening,  a  rectangularly  bent  tube  is  inserted,  provided  with  a  small  hole  at  e, 
closed  by  a  plug  when  the  operation  of  distilling  is  proceeding,  and  by  which  the  ore 
is  introduced  into  the  retort.  At  d  the  molten  zinc  runs  off.  The  muffles  are  placed 
to  the  number  of  irom  10  to  zo  in  a  furnace  (see  Fig.  36)  constructed  internally 


Bomeiritat  like  gas-retort  fomaoea,  and  rest  on  what  are  technically  t«rmed  benches. 
The  arches  of  the  fiimaces  are  so  constructed  aa  to  concentrate  the  heat  from  die 
hearths  placed  longitudinally.  The  metal  is  received  in  crucibles  plaoed  in  the 
reoeases,  tt.  As  the  first  portion  of  the  metal  and  oxide  carried  over  contains  nearly 
all  the  cadmimn  existing  in  the  ore,  that  portion  is  kept  separate  for  tike  purpose  of 
extracting  cadmium.  At  the  outset  of  the  distillation  the  condensation  room,  (,  is  so 
cool  that  the  vapours  of  the  zinc  become  solid  without  agglntinatioi),  that  is,  remain 
finely  divided.  This  product,  though  of  course  containing  oxide,  frequently  yields 
gS  per  cent  of  metallic  zinc.  Afterwards  the  metal  carried  over  is  what  b  termed 
drop-zinc,  thatis  to  say,  the  liquid  runs  off  in  a  molten  state.  Tills  crude  zinc  is 
refined  by  another  smelting,  and  comes  in  the  market  in  slabs  about  2  inches  thick 
fey  10  long  and  3  to  6  wide. 
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DkmuuataiTifeM.  At  Uie  celebrated  zinc-worlcs  of  Vieille  Montagne,  near  Liige, 
Belgium,  zjno  ore  is  distilled  in  tubes.  These  tubes  are  plsced  in  rows  in  &  BlBnting 
poffltioni  tbej  are  madeof  fire-clay,  unetreinlengtlibjiSoentiins.widthsndsceQticna. 
thickness  (see  Fig.  37),  and  closed  at  one  eud ;  the  open  euda  are  flusli  with  the  front 
briek-work  of  the  furnace,  in  order  that  the  charge  of  ore,  flnx,  and  carbonaceous  matter 
may  be  introduced.  Fig.  38  exhibits  a  cast-iron  cotticallj-ahaped  tube,  25  centims. 
long,  and  fig.  39  a  sheet-iron  tube  xo  centims.  long,  both  of  which  are  fastened  to  the 


Fio.  37. 


FiQ.  38. 


Fio.  39. 


fire-daj  tube  to  receive  the  volatilised  metal.  A  vertical  section  of  the  Belgian 
fanace  used  for  the  distillation  of  zinc  is  shown  in  Fig.  40,  with  the  mode  of  placii^ 
the  tubes,  the  closed  ends  of  which  rest  on  aprcgection  of  the  brick-work.  The  ore  is 
first  caldued  in  a  sfaaft-farnace,  and  the  charging  of  the  tubes  usuallj  takea  place 
every  morning  at  six  o'clock,  when  the  fire  is  rather  low. 
"^faiSM^'"  Ths  zinc-smelting  as  carried 
on  near  Sheffield.  Birmingham,  and  in  WalsH  and 
Other  localities,  is  performed  by  downward  dis- 
tillatiou.  The  furnaces  represented  in  Fig.  41 
are  conatmcted  to  contain  six  or  eight  lire-clay 
crucibles,  cc,  access  to  which  is  obtained  through 
holes  made  in  the  fire-arch  of  the  furnace.  The 
bottom  of  each  crucible  ia  perforated  and  fitted 
with  a  tube  to  carry  off  the  volatilised  zinc; 
daring  the  time  of  charging  thia  tube  ia  closed 
with  ■  WDoden-plng,  which  ia  of  course  bnmt 
during  the  strong  ignition.  At  first  the  crucibles 
are  left  open,  but  as  soon  as  a  blniah  flame  be- 
gtna  to  show  itself,  the  covers  are  pat  on.  The 
condensation- tube  is  then  applied  over  a  vessel 
ocmtuning  water  to  prevent  the  spirting  of  the 
net^  The  zinc  is  ultimately  refined  by  smelt 
ing  in  iron  cmciblee. 

re  two  modes  of  atil 

plan  the  Biilp)iai«t  is  first  roasted 
■a  aa  (o  convert  it  into  oxide,  and  then  treated 
aa  before  d««eribed ;  or  the  ore  is  directly  applied 
by  adding  a  qaantitj  of  iron  ore  sufficient  to  deeul 

Shniiae  it.  lime  being  aaed  as  flnx.  The  iron  ore 
oontaining  water  or  carbonic  acid,  onght  to  be 
aalaned  preiiotuly  to  being  used  for  this  parpoee 
but  instead  of  iron  ore  metallic  iron  is  often  used  ^ 

Mr.    Swindells    has    proposed    to    calciDe    native 

tnlphnret  of  lino  with  common  salt,  the  result  being  the  formation  of  nipfaate  of  soda 
and  diloride  of  zino.  The  mass  being  lixiviated  with  water  from  whicb  the  snlphate  ot 
■oda  erystalliaes,  the  chloride  ot  zino  remains  m  Bolnboa  and  is  precipitated  by  means  ol 
hme,  yielding  oxide  of  zinc.  This  oxide  ia  treated  for  metal  in  the  ordinary  manner  ^ 
rntwoaatusi.  The  Doloor  of  xino  is  blnish-white  cr  grey;  its  crystalline  stmctnre 
nries  according  to  its  parity,  and  according  to  the  temperatnxa  at  which  it  was  catt  and 
the  mora  or  less  rapid  cooling.    When  zinc  is  oast  and  rapidly  cooled  the  specific  gravity 
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ia  7*178,  bot  trheu  alowl;  cooled  it  ii  7'i4Si  and  bj  tuunmeriiig  and  i^mjnBling  tatf  bo 
iiu:reuedto7'a  and  BTCD  7'3.  X  onbic  foot  of  zinc  weighs  tbnefors,  from  360  to  390  lb«. 
Zino  U  ali^htlj  hvder  th&n  ailTer,  but  like  lend  uid  tin  it  is  not  fitted  foe  filing,  •■  it 
oboket  the  teeth  of  th«  fllea.  When  pore,  lino  is  sonorous ;  it  ia  a  brittle  metal  posssaud 
•f  a  vety  aauil  absolute  tenacity,  but  ofFera  a  great  resietauce  to  crushing  weigbt,  when 
not  subjected  to  sadden  blows.  Yer;  pure  zinc  may  be  hammered  out  at  the  ordinaiy 
temperatTire,  but  the  maUeability  ii  greatest  at  tempera- 
tures between  100*  and  150°.  Zine  melts  at  411°  in  the 
open  air,  and  perfectly  pure  zinc  melte  in  an  atmosphere  of 
hydrogen  at  420*.  According  to  HH.  Trooet  and  DeriUe 
zinc  volatilisee.  oil  or  oxygen  being  excluded,  at  1040°.  and 
may  be  distilled;  when  boated  in  contact  with  air  to  50a* 
zinc  bums,  emitting  a  ver?  strong  greenish  blua-ooloDrad 
light  and  forming  oiide  of  zino  (zinc-white),  whioh  is  not 
volatile.  Of  all  the  metala  used  on  a  large  scale,  zino  has 
the  highest  coefficient  of  eipandon  by  beat,  its  longitudinal 
expansion  (or  temperatures  from  0°  to  ioa°  being  tor  oast 
zino  ,J„.  far  eheet  zino  ,1,,  conseqnently  molten  zine 
greatly  oootractBwhileooohng.Themalleability,  tenacity  M>d 
ooheeiye  force  of  zinc  are  greatly  impaired  by  temperatniet 
ranging  from  150°  to  zoo*,  at  which  eluo  may  be  pulveriMd. 
Superheated  steam  oiidiaes  zino  (H]0-f-Zn~ZnO+H]], 
and  this  property  ia  mode  oie  of  in  the  separation  of  thu 
metal  from  lead.  When  exposed  to  a  moirt  atmosphere 
zinc  is  snperficioll;  oxidised,  but  at  the  oxide  adberea 
etrongly  to  the  metal  further  eorrodon  is  prevented.  Zine 
is  so  readily  oxidised  and  acted  upon  by  water,  veal  aoida, 
and  alksJioB,  that  it  ia  not  at  oil  a  suitable  metal  for  TOsaeU 
intended  to  bold  potable  liquids  or  moist  solida,  as  theM 
'^■^■~_jC'::j:~i~'  ■  ..'- — _/  substances  take  np  zinc  and  become  poisonoas.  An  addi- 
tion of  o'S  per  cent  of  lead  renders  zinc  far  more  malle«bla; 
bnt  if  the  zinc  is  to  be  used  for  the  preparation  of  brass,  even  o'zj  per  oent  of  lead  ia 
injurious,  and  for  braaa.making  zinc  containing  lead  is  avoided.  Zinc  often  oontama 
some  o'3  per  cent  of  iron,  but  this  does  not  impair  the  good  quality ;  the  iron  ia  turaaUy 
derived  from  the  iron  pots  nsed  for  re-melting  the  crude  metal ;  if,  howsrer,  the  quantito 
of  iron  increases  the  zinc  beaomea  brittle  and  cracks.  Zino  obtained  from  calamine  u 
nsnolly  pnrer  than  that  obtained  from  the  native  sulphuret.  The  black  reaidae  Tsmaining 
when  zino  is  dissolved  in  aoids,  and  often  mietaken  for  a  carburet  of  zine,  is  a  mixtore  in 
vaiioni  ptx>portioDa  of  iron,  lead,  and  carbon.  The  more  impnre  the  zins,  the  mora 
readily  it  is  dissolved  in  ooida ;  bat  b;  carefol  distillation  zinc  may  be  almost  entixBlj 
freed  from  any  foreign  metala.  In  oontoot  with  iron  zinc  prevents  the  oxidation  of  that 
metal.  Zinc  precipitates  copper,  silver,  lead,  cadmium,  arsenic,  antimony,  and  otfaerB 
from  their  eolations. 

A»)iU«u«»<i(ziiio.  This  metal  ia  very  largely  used  for  covering  roofi,  making  watn- 
apoats,  tanks  for  holding  water,  and  for  varions  orchitectaral  purposaa.  It  ehoold  b« 
borne  in  mind  that  for  roofing  purposes  zinc  is  in  ao  tar  dangeroDS  as  to  greatly  inoreaM 
the  inteoaity  of  fire  should  buildings  covered  with  zinc  beeome  ignited ;  one  InstaDoe  of 
this  danger  was  exhibited  in  March,  1866,  when  the  hnge  wooden  bnilding  then  attadins 
in  Lower  EenningtOD  Lane,  and  used  as  a  floor-cloth  factory  canght  fire,  the  bomiiigM 
the  sheets  of  zino  covering  the  rool  producing  a  heat  so  intense  as  to  ignite  no  lew^an 
sixteen  adjacent  houses,  although  these  were  from  10  to  30  yards  from  the  bunting  abed. 
Zinc  is  Qsed  in  galvanic-batteries,  in  various  alloys,  in  chemical  laboratorie*,  ud  tor 
golvanisiag  iron  wires,  as  well  as  for  the  preparatiou  of  zinc-white,  and  tor  rariou 
ornament^  castings,  which  are  made  in  iron  moulds  previously  thorooghily  heated  to 
prevent  a  too  rapid  cooling  and  contraction  of  the  metal.  The  Prassians  nuke  nee  of  siiM 
for  cartridges.  The  total  annual  production  in  Europe  of  this  metal  amounted  (187a)  to 
1,154.000  cwta.,  of  which  England  produces  150,000  cwts. ;  in  the  metropolis,  vinUs 
Uouta^e  (Belgium)  zino  is  almost  exolntdvely  used. 
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zbe-wud.  Under  this  name  there  has  during  the  loat  fourteen  yeaxa  been  bron^t 
into  the  market  anhydrous  while  oxide  of  zinc,  applied  iustcnd  of  nhils-lead  as  a 
pigment.     Zinc-white  ia  prepared  for  this  purpose  by  oxidining  metallic  zinc  in  fir«- 
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day  retorts,  placed  to  the  number  of  8  to  1 8,  in  a  reverberatory  furnace.  As  soon  as 
these  retorts  are  at  a  bright  white-heat,  cakes  of  zinc  are  placed  in  them,  and  the 
vapours  of  the  metal  on  leaving  the  retort  are  brought  into  contact  with  a  current 
of  air  heated  to  300° ;  oxidation  results,  and  the  oxide,  a  very  loose,  snow-white, 
flocculent  material,  is  carried  by  the  current  of  hot  air  into  condensing  chambers, 
and  gradufidly  deposited.  The  oxide  thus  prepared  is  immediately  j&t  for  use ;  it  is 
of  a  pure  white  colour,  and  very  light.  Zinc- white  is  also  prepared  by  exposing 
metallic  zinc  to  the  action  of  superheated  steam,  hydrogen  being  at  the  same  time 
evolved,  and  used  for  illuminating  purposes,  as  at  Narbonne,  St.  Chinian,  C6ret,  and 
a  few  other  places,  where  it  is  known  as  platinimi-gas,  because  the  flame  is  used 
for  imparting  a  white  heat  to  small  coils  of  platinum  wire,  thus  producing  a 
very  steady  and  highly  pleasant  light.  As  regards  the  use  of  zinc-white  as  a 
pigment,  it  is  rather  more  expensive  than  white-lead,  yet  according  to  some  is 
a  better  covering  material  in  the  surface  proportion  of  10  to  13,  that  is  to  say,  13  parts 
by  weight  of  zinc- white  cover  as  much  space  as  10  of  white-lead ;  moreover,  zinc- 
white  is  not  affected  by  sulphuretted  hydrogen.  Like  white-lead,  this  compound  may 
be  mixed  with  other  pigments.  By  mixing  Rinmann's  green  with  it  a  green  colour 
may  be  obtained ;  blue  with  ultramarine ;  lemon-yellow  with  cadmiimi  orange- 
yellow  (sulphuret  of  cadmium). 

wuu  Vitriol,  siUphate  Zinc-vitriol  (SZnO^-l-yHiO),  sulphate  of  zinc  or  white  vitriol,  is 
of  zinc.  found  as  a  nfttive  mineral,  as  a  product  of  the  oxidation  of  zinc- 

blende  ;  it  is  also  prepared  by  dissolving  zuic  in  dilute  sulphuric  acid,  and  by  roasting 
native  zinc  snlphnret.  This  vitriol  occurs  in  white  agglomerated  crystals  and  in  small 
acieular-shaped  crystals,  as  purified  sulphate  of  zinc  ;  it  is  used  as  a  "  dryer"  in  oil  paints 
and  vamiiihes ;  as  a  mordant  in  dyeing  for  disinfecting  purposes,  and  sometimes  as  a 
Bonrce  of  oxygen,  since,  on  being  submitted  to  a  red  heat,  it  gives  off  sulphurous  add  and 
oxygen,  oxide  of  zinc  remaining. 

auMnau  of  zinc.  This  preparation,  obtained  by  precipitating  a  solution  of  sulphate  of 
zinc  with  bichromate  of  potassa,  is  a  very  fine  yellow-coloured  powder,  used  now  and 
then  in  pigment  printing,  because  it  is  soluble  in  ammonia,  and  thrown  down  again  as  a 
powder  insoluble  in  water  when  that  menstruum  is  volatilised.  A  basic  chromate  of  zino 
is  used  as  a  pigment  in  the  paint  trade. 

Chii.rida  of  Zinc.  Tliis  compound  of  zinc,  ZnClj,  is  obtained  either  by  dissolving  zino  in 
hydrochloric  acid,  or  more  cheaply  by  causing  the  hydrochloric  acid  gas  given  off  in 
manufacturing  soda  to  act  upon  native  sulphuret  of  zinc.  By  this  action  sulphuretted 
hydrogen  is  formed  which  can  be  burned  to  produce  sulphurous  acid  for  the  sulphuric 
acid  chambers.  The  solution  of  chloride  of  zinc  thus  obtained  is  evaporated  to  the  con- 
sistency of  a  syrup. 

Anhydrous  chloride  of  zino  is  obtained  by  heating  an  intimate  mixture  of  dried 
sulphate  of  zino  and  chloride  of  sodium ;  chloride  of  zino  is  formed  which  sublimes,  and 
sulphate  of  soda  which  is  left  behind  (ZnS04 -\- aNaCl  =  NaaS04  -H  ZnCJl^).  This  anhydrous 
chloride  may  be  sometimes  advantageously  used  instead  of  strong  sulphuric  acid,  for 
instance,  in  rape  and  colza  oil  refining,  and  perhaps,  although  it  woxild  be  more  expensive 
and  less  manageable,  in  the  manufacture  of  garancine  from  madder.  This  chloride  has  of 
late  been  applied  instead  of  sulphuric  acid  in  the  manufacture  of  stearic  acid,  and  in  the 
preparations  of  ether  and  parchment  paper.  Chloride  of  zinc  in  a  strong  and  crude  solu- 
tion is  largely  and  very  successfully  used  for  preserving  timber ;  in  paper  making  for  the 
decomposition  of  bleaching  powder  for  bleaching  the  half-stuff  and  rags,  and  also  in 
sizing  the  paper.  The  disinfectants  sold  as  Sir  William  Burnett's  Fluid  and  Drew's 
Disinfectant  are  solutions  of  chloride  of  zino.  The  salt  used  in  soldering  iron,  zinc, 
pewter,  dtc,  is  a  compound  of  the  chlorides  of  zinc  and  ammonium  (2NH4Cl-hZnGl2) ;  its 
solution  is  obtained  by  dissolving  3  parts  by  weight  of  zino  in  strong  hydrochloric  acid, 
and  adding  (Jter  the  solution  is  complete  an  equal  weight  of  sal-ammoniac.  Oxyohloride 
of  zinc,  obtained  by  mixing  oxide  of  zino  with  a  concentrated  solution  of  chloride  of  zino, 
or  with  solutions  of  chlorides  of  iron  or  manganese,  has  been  recently  proposed  by 
H.  Sorel  as  a  pUstio  mass  suited  for  stopping  hollow  teeth. 
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Cadmium. 
(Cd=ii2;  Sp.  gr.=8-6.) 

This  metal  is  rather  rare,  and  as  yet  of  very  limited  use ;  it  is  a  constant  companion 
of  zinc  in  varying  quantities,  hut  is  only  found  in  the  Silesian  zinc  ores  in  sufficiency 
to  repay  the  trouble  of  extraction.  It  was  discovered  as  a  distinct  metal  hy  Dr. 
Stromeyer,  at  Hanover,  and  Dr.  Herman,  at  Schonebeck,  in  1817.  As  regards  its 
propertica,  cadmium  stands  between  zinc  and  tin ;  the  colour  and  metallic  lustre  of 
cadmium  are  similar  to  those  of  tin ;  it  is  ductile  and  malleable,  but  more  readily 
acted  upon  by  atmospheric  oxygen  and  moisture  than  tin.  The  specific  gravity  of 
cadmium  is  8*6 ;  it  melts  when  quite  pure  in  an  atmosphere  of  dry  hydrogen  at  320°, 
and  boils  and  volatilises  (air  and  oxygen  being  absent)  at  860°  to  746' 2°.  The  cadmium 
sold  by  manufacturing  and  operative  chemists  and  opticians  is  in  small  round  bars, 
weighing  from  60  to  90  grms.  Silesian  calamine  ore  contains  about  5  per  cent 
cadmium ;  the  same  ore  found  near  Wieslock  2  per  cent ;  the  zinc-blende  found  at 
the  Upper  Harz  contains  from  0*35  to  079  per  cent  cadmium ;  zinc-blende  from 
Przibram,  Hungary,  178  per  cent;  and  the  zinc  ore  of  Eaton,  in  North  America, 
about  3*2  per  cent  cadmium.  Such  ores  give  off,  while  being  heated  in  the  zinc 
furnace,  a  brownish-coloured  smoke,  consisting  of  carbonate  of  zinc  and  metallic 
cadmium ;  this  smoke,  condensed  separately,  is  used  as  cadmium  ore,  and  reduced 
by  means  of  charcoal,  the  materials  being  placed  in  iron  retorts  and  the  metal  distilled 
over,  next  refined,  and  cast  in  the  small  bars  mentioned  above.  The  annual 
production  of  cadmium  in  Belgiimi  from  Spanish  zinc  ores  amounts  to  about  5  cwts. ; 
while  Silesia  produces  some  2  cwts.  annually. 

Mixed  with  lead,  tin,  and  bismuth,  cadmium  forms  the  so-called  Wood's  alloy  or  fusible 
metal,  consisting  of  cadmium,  3  parts;  tin,  4;  bismuth,  15;  and  lead,  8  parts;  this  alloy 
fuses  at  70^,  and  is  used  for  stopping  teeth,  and  for  soldering  surgical  instruments.  M.  Hofer- 
Grosjean  used  as  stereotype  metal  an  alloy  consisting  of  lead  50,  tin  36,  and  cadmium, 
22*5  parts.  The  only  preparation  of  cadmium  technically  used  to  any  extent  is  the  cad- 
mium-yeUow,  jaune  brilliant  (CdS),  sulphuret  of  cadmium,  applied  as  a  pigment  in  oil 
painting,  and  in  pyrotechny  for  producing  blue-coloured  flames.  This  preparation  is  best 
obtained  by  precipitating  a  solution  of  sulphate  of  cadmium  with  sulphuret  of  sodium, 
and  then  thoroughly  washing,  pressing,  and  drying  the  precipitate.  Dr.  Van  Biemsdijk  of 
the  Utrecht  Mint,  while  experimenting  with  cadmium  and  zinc,  both  pure  and  kept  fused 
in  an  atmosphere  of  pure  dry  hydrogen,  found  that  these  metals,  though  perfectly  non- 
volatile at  their  point  of  fusion,  and  while  kept  fluid  at  that  temperature,  became  percep- 
tibly volatilised  at  a  few  degrees  above  this  point. 

Antimony. 
(Sb=i22;  Sp.  gr.=6  7i2.) 

ABUmony.  This  metsl,  also  named  stibiun^,  is  chiefly  found  in  combination  with 
sulphur  as  black  antimonial  ore,  or  glass  of  antimony,  containing  71*5  per  cent  of 
metallic  antimony,  formula  (SbaSs),  in  veins  interspersed  among  granite  and 
metamorphic  rocks.  Antimony  also  occurs  as  oxide  (SbaOj)  in  the  minerals  known 
as  Valentinite  (rhombic)  and  Senarmontite  (tesseral),  this  last  variety  being  found  in 
large  quantities  in  Constantine,  Algeria,  and  in  Borneo.  The  black  sulphuret  of 
antimony  is  separated  from  the  gangue  which  contains  it  by  the  application  of  heat, 
as  the  sulphuret  is  very  fusible. 

The  operation  is  carried  on  at  Wolfsberg,  near  Harzgerode,  Qermany,  by  placing  the 
broken  up  ore  and  gangue  in  crucibles,  b  (Fig.  42),  perforated  at  the  bottom,  and  placed 
on   a    smaller    crucible,  c,    surrounded   with   hot  sand   or  ash.     The  walla  are   of 
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briekwork,  bo  ooiutnicted  vitfa  opemngs  for  oanuug  a  drftaght  as  to  oonvey  most 
heat  to  UiSj  nppet  anmible.  Wood  is  lued  as  feel.  In  o^er  localities,  especiallf 
Id  Hungary,  the  apparatus  exhibited  in  section  and  plan  in  Figs.  43  and  44  ia  used.  &a 
will  be  seen  the  prinoiple  is  the  same, 
but  both  the  omoiblea  containing  the 
oie,  and  the  receiving  emolbleH  oatBids 
the  fnmaoe,  and  oonnected  b;  meanB 
of  tubes  wiUi  the  inside  omciblea,  are 
mora  eoQTeaietitl;  placed.  The  liqua- 
tion of  the  rather  fusible  antimonj 
ore  ia  most  readily  and  aonveniently 
performed  in  the  hearth  of  a  peculiarly 
muBtnieted  rererberatory  fnmace,  ei- 
hibitad  in  Fig.  45;  the  main  point  of 
thfl  airattgemeut  of  the  hearth  being 
that  the  molten  black  snlphnret,  col- 
leated  at  the  lowest  level,  rona  through 
tba  spout,  e,  to  the  receiver,  /,  placed 
ontside  the  furnace.  At  first  a  mode- 
rate heat  anffioes,  but  towardsthe  latter 
part  of  the  operation  a  stronger  beat 
U  required  to  elunmate  all  Uia  anl- 
phnret.  The  opening  at  /  u  now 
elosed  with  a  ping.  Not  until  the  gangne  becomes  senu  tnsed  is  the  operation  finished, 
when  the  heavier  ■nlphoret  oolleeted  nnder  the  slag  u  ran  oS  by  the  opening  ot  the  plug 


UetmBic  antimony  ia  obtained  from  the  black  Bnlphnret,  eitlier  by  roasting  or  by 
•melting  it  with  suitable  fluxes.  In  the  former  instance  the  snlpburet  is  placed  on 
the  hearth  of  a  reverberatory  furnace  and  continnonsly  atirred,  while  a  snpply  of  ail 
baa  access  to  the  molten  mass ;  the  calcination  is  continned  until  the  bulk  of  the  ore 
ii  CMirerted  into  antimoniate  of  antimony-oxide.  This  material,  also  known  as 
MtjiBODMJ  Bill,  ia  reduced  to  metal  in  cmcibles,  and  for  the  redaction  heat  alone 
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would  answer,  as  the  calcined  ore  always  contains  undecomi)osed  sulpliuret  of 
antimony,  (3Sb408+4SbaS3  =  2oSb+i2S02) ;  but  as  some  oxide  of  antimony  would 
be  lost  by  volatilisation,  the  crude  antimonial  ash  is  mixed  with  crude  argol  or 
with  charcoal-powder  and  carbonate  of  soda.  A  strong  red  heat  is  sufficient  for  the 
reduction,  and  it  is  customary  to  allow  the  metal  to  cool  slowly  under  the  super- 
natant slag,  in  order  to  obtain  the  peculiarly  crystalline  appearance  desired  in 
metallic  antimony  in  the  trade. 

By  another  mode  of  operation  the  sulphur  is  first  removed  from  the  blaok  sulphuret  by 
means  of  iron,  but  which,  if  used  by  itself,  presents  a  difficulty  arising  from  the  almost 
equal  specific  gravities  of  the  metallic  antimony  and  sulphuret  of  iron,  rendering  the  sepa- 
ration of  these  substances  too  imperfect  to  admit  of  the  use  of  iron  alone ;  consequently, 
either  carbonate  or  sulphate  of  soda  or  potassa  is  added,  which  tends  also  to  increase  the 
fluidity  of  the  slag.  loo  parts  of  blaok  sulphuret  of  antimony,  42  parts  of  malleable 
iron,  10  parts  of  dry  sulphate  of  soda,  and  3!  parts  of  charcoal  powder  are  the  pro- 
portions. In  order  to  eliminate  the  arsenic  from  the  metallic  antimony  thus  obtained,  16 
parts  are  taken,  and  there  are  added  2  parts  of  protosulphuret  of  iron,  i  of  sulphuret  of 
antimony,  and  2  of  dry  soda;  this  mixture  is  kept  fused  for  fuUy  one  hour's  time, 
the  resulting  metal  is  next  fused  with  i  i  parts  of  soda,  and  a  third  time  with  x  part 
of  soda,  untU  the  supernatant  slag  attains  a  bright  yellow  colour. 

properttea  of  Antimony.  The  metallic  antimony  of  commerce  is  never  quite  free  from 
arsenic,  iron,  copper,  and  sulphur ;  the  influence  of  these  impurities  on  the  physical 
properties  of  antimony  is  not  well  ascertained,  as  those  of  chemically  pure  antimony 
are  not  well  known. 

Antimony  may  bo  purified  by  fusing  it  with  oxide  of  antimony;  the  sulphur 
and  iron  are  oxidised  and  some  of  the  oxide  of  antimony  reduced  to  metal.  For 
pharmaceutical  purposes  antimony  is  purified  by  the  addition  to  the  molten  metal  of 
pure  saltpetre,  but  this  process  is  attended  with  a  loss  of  antimony.  Antimony  pos- 
sesses a  nearly  silver- white  but  slightly  yellowish  colour,  strong  metallic  lustre,  and 
a  foliated  crystalline  structure ;  it  crystallises  like  arsenic  and  bismuth  in  rhomboidic 
crystals.  The  specific  gravity  of  antimony  is  =6712;  it  melts  at  430°,  the  pure 
metal  fuses  at  450°,  and,  according  to  Dr.  Duflos,  does  not  expand  on  cooling. 
Antimony  is  volatilised,  air  and  oxygen  being  excluded,  only  at  a  bright  white  heat. 
It  is  a  very  brittle  metal,  neither  ductile  nor  malleable,  but  harder  than  copper. 
Antimony  forms  alloys  readily,  imparting  to  them  some  of  its  own  brittleness  and 
hardness;  it  is,  therefore,  added  to  tin,  load,  and  pewter,  in  small  quantities, 
to  render  these  soft  metals  hard.  As  antimony  is  not  readily  acted  upon  by  air,  it 
has  been  suggested  to  electrotype  copper  with  a  thin  layer  of  this  metal  The 
powder  sold  as  ironblack,  and  used  to  give  to  papier  mache  and  plaster  of  Paris 
figures  the  appearance  of  polished  steel,  is  finely  divided  antimony,  obtained  by  preci- 
pitating that  metal  from  its  solution  in  an  acid  by  means  of  metallic  zinc;  this 
powder  is  also  used  to  impart  a  lustre  to  cast  zinc  ornaments.  The  chief  use  made 
of  antimony  is  as  an  alloy  for  printing  type,  which  usually  consists  of  4  parts  of 
lead  and  i  of  antimony  with  a  small  quantity  of  copper.  Antimony  also  enters  into 
the  hard  so-called  anti-friction  alloys  used  for  the  bearings  of  machinery. 

AifTiMONiAL  Preparations  in  Technical  Use. 

ozid*  of  ABttmony.  This  substancc  (SbjOj),  obtained  by  calcining  sulphuret  of  antimony, 
or  by  the  precipitation  of  a  solution  of  chloride  of  antimony  with  a  solution  of  carboni^ 
of  soda,  finally  washing  and  drying  the  precipitate,  has  of  late  been  used  as  a  snbstitutd 
for  white-lead,  but  does  not  cover  so  well  and  is  more  expensive,  though  it  is  not  affected 
by  sulphuretted  hydrogen.  As  this  oxide  takes  up  oxygen  in  the  presence  of  alkalies,  and 
is  converted  into  antunonio  acid  (SbaOj),  it  has  been  lately  proposed  for  use  in  the  prepa* 
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ration  of  aniline  red  and  for  the  oonversion  of  nitrobenzol  into  aniline;  also  for  the 
preparation  of  iodide  of  oalcinm  bj  keeping  antimonic  oxide  suspended  in  milk  of  lime, 
and  adding  iodine  as  long  as  the  latter  is  taken  np. 

Biaek  sniphnrvi  This  compoond  (Sb^Sj),  obtained  by  liqnation,  oocnrs  in  oommeroe  in 
of  Antimony.  ^9  conical  shape  it  has  assomed  wlule  cooling ;  its  colour  is  like  that 
of  graphite,  but  it  has  a  stronger  metallic  lustre,  is  of  a  deeper  black  colour,  fibrous, 
erystaUine  structure,  and  yery  brittle;  it  usually  contains  iron,  lead,  copper,  and  arsenic, 
and  is  employed  for  separating  gold  from  silver,  in  yeterinary  surgery,  pyroteohny,  and  in 
the  preparation  of  the  percussion  pellets  used  in  the  cartridges  of  the  now  celebrated 
Prussian  needle-gun. 

HMpoutan  TeUow.  This  pigment,  used  as  an  oil  paint  and  in  glass  and  porcelain  staining, 
is  of  an  orange-yellow  colour,  and  yery  permanent.  It  is  antimoniate  of  oxide  of  lead, 
and  is  prepared  as  follows: — i  part  of  antimonio-tartrate  of  potassa  (tartar  emetic), 
2  parts  of  nitrate  of  lead,  and  4  parts  of  common  salt,  are  fused  at  a  moderate  red  heat, 
and  kept  at  that  temperature  for  2  hours.  The  molten  mass  is  put  after  cooling  into 
water  and  becomes  disintegrated,  the  salt  dissolved  and  the  pigment  precipitated.  When 
required  for  staining  glass  or  porcelain  it  is  mixed  with  a  lead-glass,  and  has  recently 
been  prepared  by  roasting  a  mixture  of  antimonious  acid  and  litharge. 

Antimony  cinnabw.  Oxysulphurct  of  antimony  (Sb6S603),  is  a  compound  in  colour  similar 
to  Vermillion,  and  is  obtained  by  causing  dithionite  of  sodium  or  calcium  to  act  upon  proto- 
chloride  of  antimony  in  water,  and  boiling  this  mixture,  a  precipitate  being  readily 
deposited ;  it  is  a  soft,  velvety  powder,  unaltered  by  the  action  of  air  and  light,  and  suited 
for  either  oil-  or  water-colour.  This  substance  may  be  prepared  on  a  large  scale  by  the 
following  process : — (i.)  Black  sulphuret  of  antimony  is  calcined  in  a  current  of  air  and 
steam,  antimonic  oxide  being  formed  as  well  as  sulphurous  acid,  which  may  be  employed 
for  the  preparation  of  caloium-dithionite  from  soda  waste;  the  antimonic  oxide  is 
next  dissolved  in  crude  hydrochloric  acid.  (2.)  Large  wooden  tubs  which  admit  of  being 
internally  heated  by  steam,  are  for  |ths  of  their  capacity  filled  with  the  solution  of 
calcium  dithionite,  and  the  solution  of  protochloride  of  antimony  is  gradually  added,  the 
liquid  being  stirred  and  heated  to  about  60° ;  the  reaction  soon  ensues,  and  the  precipitate 
having  subsided,  is  thoroughly  washed  and  dried  at  a  temperature  not  exceeding  50**. 
There  are  prepared  on  a  large  scale,  by  operative  pharmaceutical  and  manufacturing 
chemists,  numerous  varieties  of  antimonial  preparations,  among  which  are  severiJ 
snlphurets  and  one  oxysulphuret,  different  from  the  preparation  here  mentioned. 

Absenic. 
(As  =  75  ;  Sp.  gr.  =  5-6.) 

AiMBie.  Arsenic  ocours  in  the  mineral  kingdom  either  native  or  in  combination 
with  sulphur.  Although  a  few  minerals  are  found  containing  arsenic  in  a  state 
of  oxidation,  the  quantity  is  so  small  that  their  technical  utilisation  for  the  obtaining 
of  arsenical  compounds  is  altogether  out  of  the  question.  Metallic  arsenic  is  a 
solid,  crystalline,  steel-grey  coloured  substance.  It  is  prepared  either  by  the  subli- 
mation of  the  native  metal,  or  by  the  ignition  of  arsenical  iron  pjTites  (FeSa-fFeAs^) 
and  of  arsenical  pyrites  (Fe4As6),  or  by  the  reduction  of  arsenious  add 
(Afla03+3C=3CO-f-Asa).  Metallic  arsenic  is  met  vnih  in  the  trade  in  an  impure 
state,  often  containing  no  less  than  10  per  cent  of  sulphuret  of  arsenic,  in  the  form  of 
greyish-black  coloured  crusts  and  lumps,  known  as  fly  poison.  Pure  metallic  arsenic 
is  rarely  employed ;  a  small  quantity  is  used  in  the  manufacture  of  shot,  and  in  pyro- 
iechnj  for  white  Bengal  fire,  which  gives  a  very  brilliant  light,  but  should  only  be 
ignited  in  the  open  air.  Lastly,  arsenic  burnt  in  oxygen  gas  is  used  as  signal  lights 
in  the  Trignometrical  Survey  Service. 

AfMoioM  Add.  The  substance  known  as  white  arsenic  is  really  arsenious  acid,  AS3O3, 
aad  obtained  as  a  by-product  of  a  great  many  metallurgical  operations,  for  instance, 
the  roasting  of  cobalt  ores  for  smalt,  of  tin  and  silver  ores ;  the  volatilised  acid  is 
condensed  by  conducting  it  through  channels  into  wooden  chambers.  Li  some 
localities,  as  in  Silesia,  where  fuel  and  labour  are  cheap,  arsenical  pyrites  is 
purposely  oskined,  and  the  crude  arsenious  acid  obtained  is  refined  by  another 
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Bublimatioii  procesB.  For  this  pnrpoM  the  cast-iron  Tessels,  a.  Fig.  46,  are  nsed,  upon 
which  are  placed  iron  rings  or  collarB,  b,  c,  d,  and  a  hood, «,  oonunimicating  by  means 
of  tubes  with  a  series  of  chambers,  of  which  the  first  only  ia  shown  in  i.  Tho 
flanges  of  (he  cast-iron  oollars  and  all  otter  joints  having  been  thoroughly  Inted.  th« 
fire  is  lighted  and  the  heat  so  increased  as  to 
canse  the  Benu-fosion  of  the  arsenions  add, 
which  after  cooling  exhibits  a  pecnliarly  poraa- 
Iain-like  appearance,  at  first  being  aa  tranapaiant 
as  glass  and  t^  similar  to  fused  anhydnna 
phosphoric  add. 

This  componnd,  like  all  arsenioil  piepaTati(ma, 
is  Tety  poisonons ;  bat  it  is  a  remarkable  &ct, 
proved  by  direct  experiment,  that  pure  m«tallia 
arsenic  introdnoed  into  the  stomaoh  of  labUta 
and  other  small  nninmifi  Jq  f^  findy  divided 
state,  by  the  >ud  of  pure  water  freed  from  air, 
does  not  act  on  them  aa  a  poisoD,  being  found  in 
their  fieces  unaltered.  The  commercial  article  is 
sometimeB  more  or  less  mixed  with  oxide  of 
antimony  and  solphuret  of  arsenic.  Arsenions 
acid  is  nsed  in  dying  and  calico-printing,  in 
glass-making,  for  the  purpose  of  clearing  tbe 
molten  glass,  for  the  preparation  of  other 
arsenical  compounds  and  pigments,  and  forOiei 
in  arsenical  soap  for  the  preservation  of  atnffod 
no!  m  H.I  a  The  air  in  museums  is  sometimea 
poisoned  by  arseniuretted  hydrogen  being  eTcdved 
if  the  arsenical  compound  has  not  been  proper^ 
prepared ;  and  in  places  where  there  are  la^ 
collections  of  stufied  animals  there  should 
always  be  a  good  ventilation  and  a  dry  atmosphero.  Arsenious  add  is  also  employed 
in  the  manoiactuFe  of  aniline. 
Amicui.  This  add  (HjAsO^)  has  become  an  article  of  large  consumption. 
It  is  obtained  by  boiling  400  kilos,  of  arsenious  acid  in  30a  kilos,  of  nitric  or  nitnv 
hydrochloric  acid,  and  evaporating  the  eolution  to  dryness.  Becently  it  has 
been  prepared  more  cheaply  by  passing  chlorine  gas  into  water  wherein  aneuious 
acid  is  suspended,  and  evaporating  this  solution.  Arsenic  acid  is  sometimea 
employed  in  calico-printing  instead  of  tartaric  acid,  and  ia  very  laigdy  used  in  the 
preparation  of  rosaniline  or  fachsine,  some  manufacturers  of  these  dyes  anniuUy 
oonsnming  zooo  cwta. 

The  add  arseoiate  of  soda,  so-called  dungsalt,  now  used  instead  of  oows'-dung  in 
eert^n  cahco-printing  operations,  and  consisting  of  25  parts  of  soda  and  75  of 
arsenious  acid,  is  prepared  by  heating  far  a  length  of  time,  dthar  3G  paxts  of 
arsenions  acid,  and  30  parts  of  nitrate  of  soda,  or  a  mixture  of  arsenita  of  soda  and 
nitrate  of  soda.  This  salt  is  obtained  as  a  by-product  of  the  preparation  of  aniline 
from  oitrobenzoL 

eiiiptaiinuix  iiKHe.  There  are  two  solpbtirets  of  arsenic  employed  industrially,  vis., 
realgar  and  orpiment. 
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Bed  arBenio  or  realgar  (AsaS^)  is  fotmd  native  in  a  crystalline  state  and  among 
other  ores.  It  is  artifidally  prepared  by  fusing  together  sulphur  and  excess  of  either 
metallic  arsenic  or  arsenions  acid,  or  on  a  large  scale  by  distilling  arsenical  pyrites 
and  ores  containing  solphnr.  Bealgar  is  a  raby-red  coloured  substance,  exhibiting  a 
eonchoidal  fracture.  Its  use  in  pyrotechny  is  based  upon  its  property  of  yielding,  when 
mixed  with  saltpetre  and  ignited,  a  brilliant  white  light.  This  mixture  is  known  as 
Bengal  white  light,  and  is  best  prepared  with  24  parts  of  nitrate  of  potassa,  7  parts 
of  sulphur,  and  2  parts  of  realgar. 

Orpimant.  AuH  pigmefUum,  yellow  sulphuret  of  arsenic  (AS2S3),  is  likewise  found  native, 
but  is  generally  i^tificially  prepared  by  fusing  together  either  sulphur  and  arsenious  acid 
or  realgar  and  arsenious  acid.  This  sulphuret  is  of  a  bright  orange-colour,  somewhat 
transparent;  it  contains,  if  prepared  by  the  dry  method,  free  arsenious  acid,  and 
may  therefore  be  considered  as  arsenoxysulphuret.  It  is  also  prepared  by  precipitating 
a  hydrochloric  acid  solution  of  arsenious  acid  by  means  of  sulphuretted  hydrogen,  or  by 
decomposing  a  solution  of  the  double  sulphuret  of  arsenic  and  sulphuret  of  sodium  with 

BaoDiL  dilute  sulphuric  acid.  Orpiment  is  used  in  dyeing  to  reduce  indigo,  and  to 
prepare  what  is  termed  rusma,  a  paste  applied  in  dressing  sMns  in  order  to  remove  the 
hair,  and  which  consists  of  9  parts  of  lime  and  i  of  orpiment  mixed  with  water.  This 
paste  is  also  employed  in  the  toilet  to  remove  superfluous  hair ;  but  instead  of  this  very 
poisonous  compound,  either  the  spent  lime  from  the  purifiers  of  gasworks,  or  the 
sulphuret  of  lime  solution  obtained  by  passing  a  current  of  sulphuretted  hydrogen 
through  nulk  of  lime,  may  be  advantageously  used. 

QUICKSILVEB,    OR    MeRCURY. 

(Hg=20o;  Sp.gr. =13-5.) 

oaramDMftad      This  metal  is  not  met  with  so  generally  dispersed  as  silver  and  gold. 
It  occars  in  the  following  forms: — i.  Sparingly  in  the  metallic  state 


interspersed  in  globules  through  the  gangue,  and  in  small  quantities  in  merciiry 
mines,  sometimes  containing  silver.  2.  As  a  sulphuret,  known  as  cinnabar,  HgS,  con- 
taining 86*29  o^  metallic  mercury  and  137 1  of  sulphur.  This  ore  is  met  with  among 
primitive  as  well  as  metamorphic  and  sedimentary  rocks,  and  is  often  accompanied 
by  solphnret  of  iron,  while  the  gangue  or  matrix  is  generally  quartz,  calcareous 
spar,  or  spathic  iron  ore.  The  richest  mercury  mines  are  those  of  Almadeu 
and  Almadenejas  in  Spain,  which  were  worked  at  a  remote  period  of  antiquity,  and 
next  are  those  of  Idria,  Carynthia.  Cinnabar  is  found  also  in  the  Rhenish  Palatinate, 
at  Olpe  in  Westphalia,  Horzowitz  in  Bohemia,  in  various  parts  of  Hungary,  at 
Vall'alta  in  Venetia,  in  the  Oural,  in  China  and  Japan,  in  Borneo,  Mexico,  at 
Huancavelica,  in  Pern,  and  in  considerable  quantities  in  California,  where  mercury  is 
largely  prodaced. 

Among  the  less  important  mercury  ores  is  found  the  so-called  Uver-coloured  ore,  a  clay 
mixed  with  cinnabar,  bitumen,  paraffine,  and  coal-slate.  This  ore  is  only  met  with  in 
Carynthia.  There  is  also  the  fawn-coloured  mercury  ore,  containing  2  to  15  per  cent 
of  mercury,  with  sulphur,  copper,  and  otiier  impurities.  The  annual  production  of  mer- 
cury throughout  the  globe  amounted  in  1870,  to  84,500  cwts.,  of  which  Calif omia  yields 
56,000  against  22,000  from  Spain. 

Meronry  is  extracted  from  its  chief  ore,  cinnabar,  by : — 

1.  Calcination  in  shaft  furnaces,  the  mercurial  vapours  being  condensed  in  chambers  con- 
stmeted  either  of  brick-work  or  boiler-plate,  or  in  earthenwaro  vessels  (Aludels)  joined 
together  by  flanges  similar  to  earthenwaro  drain-pipes. 

2.  By  decomposing  cinnabar  in  closed  vessels,  the  oro  being  mixed  with  either  lime  or 
largd  scales.    This  method  Ib  usual  in  Bohemia  and  the  Bavarian  Palatinate. 

Hittedof  sztnetiiic      The  contrivauces  in  use  in  Idria  for  the  extraction  of  mercury 

iirtBIr^     from  its  ores  are  illustrated  in  Figures  47,  48,  and  49.    a  is  a  cal- 

dnation  fdmace,  which  is  flanked  on  each  side  by  a  series  of  condensation  chambers, 

COD,  commtmicating  with  the  furnace.    The  oro  is  placed  in  lumps  on  the  perforated 

aichas,  n  n',  of  the  fdmace,  and  the  space  v  completely  filled.    On  the  arch,  p  p\  the 


8S  CHEMICAL  TECHNOLOQY. 

Btualler  lumps  of  oie  are  placed,  and  on  r  r,  the  dost,  pnlvernlent  ore,  and  residnea 
of  former  operations.  This  having  been  done  the  fuel,  commonly  dry  beechwood,  is 
ignited  on  the  fnniace-bai's.  The  heat  is  graduaUj  raised  to  and  kept  at  a  dark  red 
beat  for  lo  to  12  hours.    The  draught  created  caniee  into  the  fomace  sufficient  air 


FlQ. 


to  convert  the  sulphur  of  tlie  \i>lutihsed  ore  into  eulphnrous  acid  and  set  tlie 
mercnrj  free  (HglS+zO=S02+Hg)  Tlie  products  of  Uie  comhustion  ore  carried 
into  the  chaniberB,  c  Tlie  bottom  of  each  chamber  is  made  of  EtrODgly  pressed  day, 
bhaped  bo  as  to  form  two  planes  mclmed  tonards  each  other,  and  connected 
n-llh  gutters  leading  to  a  reservoir  cut  out  of  a  solid  block  of  porphyry  m  which  the 
mercuiy  is  coUected  A  jet  of  water  is  made  to  play  coDBtantly  m  the  last  conden- 
sation-cluimber,  in  order  to  keep  it  and  tke  ojtjoiiimg  smoke  chambers  s  n,  quite  cool, 
the  last  traces  of  mercury  bt.iiig  condensed  in  s  c 

Very  recently  eipeiimonts  have  been  mode  at  Idria  to  distil  the  mercnr;  ooDtinnoosly 
trom  its  ore  by  the  use  of  a  rererboratoiy  furnace,  whereby  both  time  and  fuel  are  saved. 


QUICKSILVER.   OR   MERCURY.  8g 

■vuu  MMbm  (4  ^^  arrangement  for  condensiiig  the  mercnrial  vaponra  la  nad 
KiBiHiii)  Mumi.  g^  Almadan  ia  exhibited  in  Fig.  50.  It  consiste  o(  a  string  of  pear- 
ahaped  reaaeb  open  at  both  ends.  Thew  vesBels,  locall;  known  by  thuArabiaut«rm, 
AhuieU,  are  made  of  earthenware,  and  so  constructed  that  the  narrow  end  of  one  fits 
into  the  wider  end  of  the  other,  core  being  taken  to  lute  the  joints  with  claj.  The 
mode  of  arranging  these  rows  or  strings  of  aludels  is  delineated  in  Fig  52, 
which  repreaenlu  the  plan  of  the  furnace  shown  in  Fig.  51.    This  funiaoa  oousists  of 


a  ^Imdncal  shaft  oven,  wluch  by  means  of  a  perforated  arch  is  divided  into  two 
parta.  The  Sre  is  Ughted  in  tlie  lower  part  of  the  shaft  while  on  the  perforated 
arch  is  first  placed  a  layer  of  sandstone  containing  cumabar  m  quanbtiea  too  email 
b)  admit  of  being  otherwise  advantageously  treated.  The  nch  ore  is  then  placed  on 
this  layer  of  stane,  and  the  openings  in  the  arch  of  the  furnace  covered  with  tilea 
and  tightly  luted.  The  mercurial  vapours  are  first  conducted  into  the  space 
ee,  and  thence  through  the  twelve  rows  of  aludels.  each  row  having  a  length  of  from 
to  to  22  metres,  and  containing  44  aludele.  Tlio  aludels  are  placed  on  a  somewhat 
inclined  plane  as  shown  in  the  woodcut.    At/the  condensed  mercury  ia  run  off  by 
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the  gutter,  g,  into  the  stune  datams,  hh;  the  raponrs  not  condensed  being  canied 
on  tA  the  chamber,  b,  where  thej  are  completely  liqaefied.  The  smoke  eacsftm 
through  a  cbimney  at  b.  As  the  mercnry  thna  obtained  iB  mixed  with  soot  it  baa  to 
be  purified  and  oleansed ;  thie  is  effected  bj  causing  the  metal  to  flow  down  an 
inclined  plane,  to  which  the  aoot  itdheres.  The  soot;  moaa  and  the  impurities 
collected  in  the  room  b,  are  snbmitted  to  distillation  for  the  purpose  of  extracting  the 
laat  traces  of  mercorj.  The  qaantity  of  ore  operated  npon  at  each  oaldnation 
amoonts  to  250  to  300  cwts.  Spanish  mercury  ia  met  with  in  the  trade  packed 
in  wTonght-iron  canisters  or  in  sheepskin  bags.  The  apparatOB  above  described  for 
separating  mercnry  from  ita  ores  was  invented  by  the  lloors,  who  for  eeveral  centa- 
ries  were  the  oidy  dvilised  inhabitants  of  the  greater  portion  of  Bontbem  Spain. 

"ffio^^ttfiS^       Method  ol  ntereory  distillation  pnrnied  at  Horzowita  in  Bohemia. 

Mbu  BoMuco.       The  anlphnret  ot  meroarjr  is  mixed  with  from  )  to  (  of  its  weight  of 

forge-soale,  and  themixtoreplaoed  on  the  iron  plates,  bb,  Fig.  53-  These  plateBarefiiedtoan 

Fio.  53. 


iron  rod,  and  oorered  b;  the  iron  eapola.ec,  which  rests  in  a  tank  filled  with  water,  mie 
onpola  is  remorable  from  the  (lunace  b;  means  of  the  fiame  g.  The  metal  is  oolleoted 
in  the  water  at  d.  Sacb  cupola  covers  abont  i  cwt.  of  ore  and  )  ewt.  of  forge-eoale,  and 
there  are  generally  bii  onpolaa  in  one  foinace.    The  operation  lasts  for  30  to  36  hours. 

In  Uie  Rhenisb  Palatinate  mercury  has  bean  extracted  from  its  ores  since  141a.  It  ia 
there  nsnal  to  mix  the  mercnry  ore  with  other  tcetallio  ores,  that  mainly  worked  being 
einnabar  inteTspersad  in  aandstone.  The  decomposition  of  the  ore,  whioh  iaa  rather 
poor  material,  can  be  mode  to  pay  only  by  skilful  management.  The  ore  is  mixed  with 
lime  and  placed  in  iron  retorts,  very  similar  to  those  used  id  gae-works,  and  beat  having 
been  applied  the  oinnabar  a  decomposed,  the  reanlt  being  the  formation  of  metalHa 
moronry.  which  volatihses  and  is  condensed  in  snitably-conBtmctod  receiTera,  while  thera 
remains  in  the  retorts  a  mixture  of  salpburet  of  calcinm  and  hyposalpliite  of  lime.  The 
operation  lasts   ten  hours,  after  which  the  contents  of  the  reoeivers  are  poured  into 
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eftrthenwaie  tanks  filled  with  water ;  the  meronry  sinkfl  to  the  bottom  and  the  water  is 
allowed  to  mn  off,  oarrying  with  it  a  blackish  powder,  consisting  of  finely-di-vided  mercury 
mixed  with  a  volatilised  black  sulphide,  which  is  again  submitted  with  lime  to  another 
distillation. 

pioptttiM  of  Moeiuy.  Merotuy  is  the  only  metal  remaining  fluid  at  ordinary  temperatnres. 
It  freezes  at  —39*^°,  and  is  in  that  state  a  malleable  and  ductile  metal.  At  360**  it  boils, 
and  at  a  slightly  higher  temperature  distils  over,  but  is  volatilised  to  some  extent  at  all 
temperatures  above  its  freezing-point,  as  may  be  proved  by  suspend^  a  piece  of  gold-leaf 
in  the  neck  of  a  bottle  containing  a  small  quantity  of  mercury.  Mercury  readily  combines 
at  ordinary  temperatures  with  various  metals,  forming  what  are  termed  amalgams. 
The  ftTttftigama  most  readilv  formed  are  those  of  lead,  bismuth,  zinc,  tin,  silver,  gold ; 
next  is  that  with  copper,  while  with  iron,  nickel,  cobalt,  and  platinum,  mercury  will  only 
amalgamate  with  difficulty.  The  application  of  mercury  in  metfJlurgy  in  the  extraction  of 
gold  and  diver  from  their  ores  is  based  upon  the  property  mercury  possesses  of  readily  com- 
bining with  these  metals.  Amalgams  of  various  kinds  are  industrially  employed,  as,  for 
instance,  with  tin  for  covering  mirrors  and  looking-glasses,  with  gold  for  the  so-oaUed 
process  of  fire  gilding  An  amalgam  of  ^  parts  mercury  with  2  parts  zinc  and  i  part  tin  is 
iiaed  for  the  cushions  of  electrical  machmes. 

AypikatioiMotitaciizy.  By  far  the  most  extensive  application  of  mercury  is  in  the  oon- 
Btriietion  of  various  physical  instruments,  for  filling  the  mercurial  gauges  of  steam-boilers, 
and  on  the  Continent  these  gauges  are  attached  to  all  boilers,  locomotive  engine-boilers 
alone  excepted.  Merouip^  is  employed  in  the  preparation  of  a  variety  of  compounds, 
among  which  is  the  fulmmate  of  mercury ;  and,  further,  for  various  purposes  in  diemical 
and  ^ysioal  laboratories.  More  recentiy,  an  amalgam  of  mercury  and  sodium  has  been 
very  successfully  used  by  Mr.  Grookes  in  the  metaUurgical  extraction  of  silver  and  gold ; 
and  a  solidified  amalgam  of  the  same  metals  is  recommended  to  facilitate  the  transport 
of  mercury,  the  amalgam  admitting  of  being  very  readily  decomposed  by  treating  with 
dilute  sulphuric  add. 

Preparations  of  Mercury. 

itaeoiteiooapoaadi.  The  more  important  mercurial  compotinds  which  are  mannfac- 
tnred  on  the  large  scale  are  the  following : — 

lURuieChiocide.  The  Bubstance  commonly  known  as  corrosiye-SQblimate  is  theper- 
chloride  of  mercury,  HgCl,  equivalent  =  135,  consisting,  in  100  parts,  of  73*8  parts  of 
mercury  and  26'2  parts  of  chlorine.  It  is  prepared  dther  by  snblimation  from  a 
mixture  of  sulphate  of  peroxide  (red  oxide)  of  mercury  and  common  salt,  or  by  dis- 
solving the  same  oxide  in  hydrochloric  acid,  and  also  by  boiling  a  solution  of 
chloride  of  magnedum  with  the  peroxide  (MgGla+HgO=HCl-f  MgO).  When 
sublimed,  this  salt  forms  a  white  crystalline  mass,  which  fuses  at  260°,  boils  at  290**, 
is  Bolnble  in  13*5  parts  of  water  at  20^  and  in  1*85  parts  of  the  same  liquid  at  loo''. 
It  is  more  readily  dissolved  by  alcohol,  i  part  of  the  salt  requiring  only  23  parts  of 
cold  and  1*18  parts  of  boiling  alcohol.  Mercuric-chloride  has  been  industrially 
employed  as  a  preservative  for  timber  by  Mr.  Eyan,  and  is  used  in  the  manufacture  of 
amline-red,  in  dyeing,  and  calico-printing,  in  etching  on  steel-plates,  and  for  the 
preparation  of  other  mercurial  salts.  Lately,  the  use  of  the  double  salt,  HgGla,2KCl, 
obtained  by  boiling  chloride  of  potassium  with  peroxide  of  mercury,  has  been  sug- 
gested as  a  preservative  for  timber.  It  should  be  borne  in  mind  that  this  preparation 
of  mercury  is  extren^dy  poisonous  and  easily  absorbed  by  the  skin  of  the  hands. 

cbMtaff.  Under  this  name  is  designated  the  mercuric-sulphide,  HgS,  which  occurs 
natiye  in  crystalline  or  compact  red-coloured  masses,  and  was  known  in  Pliny's 
time  by  the  term  minium.*  The  cinnabar,  or  vermillion  of  commerce,  used  as  a 
pigment,  is  always  artificially  prepared  either  by  the  dry  or  wet  way.  By  the  former 
process  540  parts  of  mercuiy  and  75  of  sulphur  are  very  intimately  mixed.    The 

*  Bed-lead,  afterwards  called  minium,   was,  as  far  as  it  appears,  unknown  to  the 
neiflntf,  being  first  prepared  by  the  Arabs  and  Saracens. 
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ensuing  blaok-coloored  powder  is  introduced  into  iron  vessels,  and  exposed  to  a 
moderate  heat  so  as  to  cause  the  fiuion  of  the  mass,  which,  after  cooling,  is  broken 
up  and  then  introduced  into  eaithenware  and  loosely  closed  vessels,  heated  on  a 
sand-bath.  The  sublimed  mass  is  of  a  cocliineal-red  colour,  exhibits  a  fibrous 
fracture,  and  yields  when  pulverised  a  scarlet  powder,  which  is  the  more  beautiful 
the  purer  the  materials  used  in  its  preparation  and  the  greater  the  care  taken  to  avoid 
an  excess  of  sulphur.  Some  chemists  allege  that  a  greatly  improved  vermillion  is 
obtained  if  i  part  of  sulphuret  of  antimony  is  added  to  the  mixture  of  sulphur  and 
mercury  previously  to  the  sublimation,  and  the  sublimed  and  pulverised  mass  placed 
in  a  dark  room  for  several  months  and  treated  with  either  dilute  nitric  acid  or  caustic 
potassa.  According  to  Dr.  J.  von  Liebig,  vermillion  is  obtained  in  the  wet  process 
by  treating  the  white  precipitate  of  the  pharmacopoeia,  or  hydrargyrum  amidato 
Mckloratum,  according  to  the  formula,  HgCl.HgNH^,  which  corresponds  to  the  term 
used,  but  in  Dr.  A.  W.  Hofinann's  opinion,  does  not  express  the  true  composition  of 
the  compound.  He  considers  white  precipitate  to  be  a  chloride  of  ammonium,  in  the 
ammouiimi  of  which  2  equivalents  of  mercury  have  taken  the  place  of  2  equivalents  of 

hydrogen ;  formula  N  |  ^i.       Other  chemists,  again,  hold  different  views  as  to  the 

constitution  of  this  body,  which  has  been  used  in  medicine  since,  if  not  before,  the 
time  of  Paracelsus.  Vermillion  is  generally  obtained  by  precipitating  a  solution  of 
corrosive  sublimate  in  ammonia  with  a  solution  of  sulphur  in  sulphide  of  ammonium ; 
or,  according  to  Dr.  von  Martins,  by  agitating,  in  a  suitablo  vessel,  i  part  of 
sulphur,  7  of  mercury,  and  2  to  3  of  a  concentrated  solution  of  liver  of  sulphur. 
According  to  M.  Brunner's  method,  by  which  decidedly  the  finest  vermillion  is 
obtained,  114  parts  by  weight  of  sulphur  and  300  parts  by  weight  of  mercury  are 
mixed,  witli  the  addition  of  a  small  quantity  of  caustic  potassa  solution,  and  incorpo- 
rated by  being  sliaken  by  macliinery.  The  resulting  black  compound  is  next  treated 
with  a  solution  of  75  parts  caustic  potassa  in  400  parts  of  water,  and  heated  on  a 
water-bath  to  45°.  The  mixture  assumes  a  scarlet- colour  after  a  few  hours,  and  as 
soon  as  this  is  apparent  tlie  semi -liquid  mass  is  poured  into  cold  water,  next  collected 
on  filters,  washed,  and  dried.  The  vermillion  of  commerce  is  often  adulterated  with 
red-lead,  peroxide  of  iron,  clirome-lead,  and  more  frequently  with  from  15  to  20  per 
cent  of  gypsum.  Those  adulterations  are,  however,  readily  detected,  as  tliey  are  left 
beliind  when  the  vermillion  is  sublimed.  Red-lead,  one  of  the  most  usual  adultera- 
tions of  vermillion,  ciin  be  readily  detected  either  by  treating  a  small  quantity  of  the 
suspected  sample  with  nitric  acid,  when  in  consequence  of  the  formation  of  puce- 
coloured  peroxide  of  lead,  tlie  mass  assumes  a  bro\m  colour,  or  by  the  addition  of 
hydrochloric  acid,  when  chlorine  is  given  off.  Pure  cinnabar  is  completely  and 
readily  soluble  in  hydrosuli)huret  of  sulphide  of  sodium  (NaSH). 

Fniminatinu  MercTiry.  The  componnd  known  as  fulminating  mercury  is  a  combination  of 
fulminic  acid,  an  acid  unknown  in  a  free  state,  and  of  oxide  of  meronry ;  its  formula  may 
be  written  C^Hg^NaOa.  In  100  parts  it  consists  of  77*06  of  peroxide  of  mercury  and 
23-94  of  fulminic  acid.  According  to  the  late  Dr.  Gerhardt's  view,  this  body  is  a  nitro- 
compound which  may  be  regarded  as  cyan-methyl,  the  hydrogen  of  the  methyl  of  which 

has  been  replaced  by  hyponitric  acid  and  mercury ;  the  formula  is  then :  C  |  SS*  1 ,0N.    This 

substance  was  first  discovered  by  Mr.  Howard,  and  was  known,  until  Dr.  von  Liebig  gave 
the  clue  to  its  nature,  as  Howard's  detonating  powder.  It  is  prepared  on  a  large  sc^e  in 
the  following  manner.  First,  2  lbs.  of  mercury  are  dissolved,  by  the  aid  of  a  gentle  heat, 
in  10  lbs.  of  nitric  acid  (sp.  gr.  1*33),  and  10  lbs.  more  of  nitric  acid  are  then  added.  The 
resulting  fluid  is  poured  into  six  tubulated  retorts,  and  to  the  contents  of  each  retort  is 
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added  10  litres  of  alcohol  (sp.  gr.  0'833).  If  the  ingredionts  are  mixed  by  measnre  instead 
of  weight,  for  every  yolame  of  mercury,  there  is  taken  7^  yolomcs  of  nitric  acid,  and 
10  Yolomes  of  alcohol.  After  a  few  minutes  a  strong  evolution  of  gas  takes  place,  and  at 
the  same  time  a  white  precipitate,  the  fulminate  of  mercury,  is  formed.  The  retorts  aro 
fitted  with  tabulated  receivers,  from  which  glass  tubes  carry  of!  the  very  poisonous  gas 
and  fumes,  either  to  a  flue  or  directly  to  the  outside  of  the  shed  in  which  the  operation  is 
performed.  The  precipitate  is  collected  on  Alters,  and  washed  with  cold  water  to 
eliminate  the  free  acid.  The  fulminate  is  next  dried,  filtered,  and  all  being  placed  on 
plates  of  copper  or  earthenware,  heated  by  steam  to  less  than  100°.  100  parts  of  mercury 
yield  in  practice  from  118  to  128  parts  of  fulminate,  while,  acconling  to  theory, 
142  should  be  obtained.  The  dried  fulminate  is,  with  cautious  manipulation,  divided  into 
small  portions,  kept  separately  in  a  paper  bag.  -The  fulminate  thus  prepared  is  a  crystal- 
line white-coloured  substance,  which,  by  being  heated  to  186**,  or  by  a  smart  blow,  explodes 
with  a  loud  report.  When  placed  on  iron  and  struck  with  an  iron  instrument,  the 
dct(>nation  is  much  increased.  This  substance  also  explodes  by  contact  with  concentrated 
sulphuric  acid.  When  mixed  with  30  per  cent  of  its  weight  of  water,  the  crystalline 
fulminate  may  be  rubbed  to  powder  with  a  wooden  pestle  on  a  marble  slab.  The  manu- 
facture of  this  substance  on  a  large  scale  requires  peculiar  arrangements,  into  the  particu- 
lars of  which  wo  cannot  hero  enter. 

percuBdon-c»p«.  The  fulminate  of  mercury  is  chiefly  used  for  filling  percussion-caps. 
For  this  purpose  100  parts  of  the  fulminate  are  rubbed  to  powder  with  30  parts  of  water, 
50  to  62 '5  parts  of  saltpetre,  and  29  of  sulphur.  This  mixture  is  dried  sufficiently  to 
admit  of  being  granulated,  after  which  it  is  forced,  by  means  of  machinery,  into  the 
copper  caps,  and  simultaneously  covered  with  either  a  layer  of  varnish  or  tin- foil,  to 
protect  it  from  damp.  Tin-foil  being  more  expensive  is  not  used  for  miUtary  gun-caps. 
The  best  varnish  for  the  purpose  is  a  solution  of  mastic  in  oil  of  turpentine.  The  caps 
are  fintdly  dried  by  a  gentle  heat,  and  packed  in  boxes.  One  kilogramme  of  mercury 
converted  into  fulminate  sufiices  for  the  tilling  of  40,000  gun-caps  of  the  larger  or  military 
size,  and  for  57»6oo  caps  of  the  size  used  by  sportsmen. 

Platinum. 
(Pt=i97-4;  Sp.  gr.=2i*o  to  230). 

ocraxTcnM  of  puttonm.  Tliis  mctal  is  oiily  found  native,  and  then  not  very  abundantly, 
in  platinum  ore,  more  especially  met  witli  in  the  alluvial  deposits  of  South  America 
and  the  Oural,  in  grains  of  a  steel-grey  colour  and  metallic  lustre.  More  recently, 
granules  of  metallic  platinum  have  been  found  among  the  gold- washings  in  California, 
the  Brazils,  Haiti,  Australia,  and  Borneo.  A  very  short  time  ago  this  metal  was 
discovered  in  Europe,  interspersed  in  rocks  situated  in  the  parish  of  Koeraas,  in 
Norway,  and  it  is  reported  to  have  been  found  in  the  lead-mines  near  Ibbinbiiren,  in 
Westphalia.  Dr.  Pettenkofcr  states  that  a  proof  of  the  far  gi*eater  dispersion  of 
platinum  than  is  generally  supposed  lies  in  the  fact  that  all  silver  contains  a 
small  quantity  of  platinum.  The  metal  has  also  been  found  to  accompany  some  of 
the  copper  and  antimony  ores  of  Timor  and  New  Guinea.  Platinum  was  discovered 
in  South  America  by  the  Spaniards,  who,  believing  it  to  be  an  inferior  silver,  gave  it  the 
diminutive  platina  of  the  Spanish  name  for  silver,  plata.  It  was  brought  from 
Jamaica  and  made  known  in  Europe  by  a  Mr.  Wood  in  1740,  and  somewhat  investi- 
gated in  1767  by  Dr.  R.  Watson,  then  Professor  of  Chemistry  at  Cambridge. 
Dr.  Scheffer,  Director  of  the  Mint  at  Stockholm,  was  the  first  who  thoroughly  inves- 
tigated the  various  physical  and  chemical  properties  of  this  metal  in  1752 ;  but  as  his 
researches  were  published  in  the  Swedish  language,  they  remained  comparatively 
unknown  in  this  country. 

thtfiim  oiML  The  substance  met  with  in  commerce  under  the  name  of  platinum  ore, 
or  crude  platinum,  is  a  mixture  of  a  variety  of  metals,  among  which  the  following 
predominate: — ^Platinum,  palladium,  rhodium,  iridium,  osmium,  ruthenium,  iron, 
eopper,  lead,    and  frequently   granules   of  osm-iridium,  gold,  chrome-iron   ore. 
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titaninin-iron  ore,  spinel,  zircon,  and  quartz.    The  reason  why  this  ore  is  fonnd  in 

allnTlal  soil  is,  that  the  rooks  originally  containing  the  ore  having  been  disintegrated 

by  water,  it  is  carried  off  by  the  streams  and  water-courses.    Boussingault  founds 

when  travelling  in  South  America,  a  seam  of  somewhat  weathered  syenite  containing 

the  platinum  ore  yet  in  iitu ;  while,  as  regards  the  Oural,  it  has  been  proved  by 

Pallas  that  the  ore  was  originally  imbedded  in  serpentine-rock  which  has  been 

washed  away  by  water,  the  water,  however,  leaving  such  minerals  as  chrome-iron 

ore,  zircon,  titanium-iron  ore,  &c.    In  the  Island  of  Borneo,  platinum  ore  is  mixed 

with  sesqui-sulphuret  of  ruthenium,  a  mineral  which  has  been  named  by  Dr.  Wohler 

(1866)  Laurite, 

The  composition  of  some  platinum  ores  is  exhibited  in  the  foUowiog  table: — Analysed 
by  Dr.  Berzelius,  a,  ore  from  the  Oural ;  Dr.  Svanberg,  h  and  e,  from  Columbia  and 
Choco ;  Dr.  Bleekrode,  d,  from  Borneo ;  Dr.  Weil,  e,  from  Galifomia. 

a.  h,  c,  d,  t» 

Platinum 86*50  84*30  86-i6  71*87  5775 

Bhodium 1*15  3*46  2*16  —  2*45 

Iridium      —  1*46  i*og  7*92  3*10 

Palladium 1*10  i'o6  0*35  1*28  0*25 

Osmium     —  1*03  0*97  0*48  o'8i 

Osm-iridium     ..     ..  1*14          —  1*91  8*43  27*65 

Copper       0*45  0*74  0*40*  o'43  0*20 

Iron 8*32  5*31  8-03] 

Lime —  0*12  —  [■  8*40  770 

Quartz        —  o*6o  —  j 

Aeeording  to  Dr.  H.  Deville,  the  average  quantity  of  platinum  contained  in  the  fol- 
lowing ores  is: — 

Columbia 76*80 — 86*20  per  cent 

CaUfomia 76*50 — 85*50        „ 

Oregon      50*45  „ 

Australia 59*8o — 61*40        „ 

Siberia      73*5o — 78*90        „ 

Borneo      57*75 — 70*21        „ 

The  annual  production  of  metallic  platinum  amounts  to  from  35  to  50  ewts.,  of  which 
quantity  the  Oural  yields  28  to  49  owts.,  Columbia  and  the  Brazils,  6  to  8  cwts. 

woQiwton't  Method  of  The  method  originally  devised  by  the  late  Dr.  Wollaston,  and 
from  iL  Orel.  still  employed  by  the  Parisian  platinum-makers,  Chapuis,  Desmoutis, 
and  Quennessen,  is  as  follows : — The  ore  is  first  treated  with  cold  aqua  regia  to 
dissolve  any  gold,  and  the  liquid  separated  from  the  ore  by  filtration.  The  mineral 
is  again  treated  with  aqua  regia  in  a  retort,  and  heat  applied ;  the  distillate  contains 
osmic  acid,  and  the  insoluble  residue  in  the  retort  osm-iridium,  ruthenium, 
chrome-iron  ore,  and  titanium-iron  ore.  The  acid  liquid  contains  palladium, 
platinum,  rhodium,  and  some  iridium,  in  solution,  and  the  acid  having  been  neutral- 
ised with  carbonate  of  soda,  the  fluid  is  mixed  with  cyanide  of  mercury,  whereby 
palladium  is  separated  as  cyanide  of  palladium.  That  precipitate  having  been 
removed  by  filtration,  the  liquid,  diluted  with  water,  is  next  concentrated  by  evapo- 
ration, and  then  mixed  with  a  concentrated  solution  of  chloride  of  ammonium,  the 
mixture  resulting  in  a  precipitate  (PtGl4,2NH4Cl),  of  the  double  chloride  of  platinum 
and  ammonium,  containing  only  a  trace  of  iridium,  which,  as  it  imparts  greater 
hardness  to  platinum,  is  not  usurious.  The  platinum  sal-ammoniac,  as  the  precipi- 
tate is  industrially  named,  is  first  dried  and  afterwards  ignited,  leaving  spongy 
platinum,  which  is  forced  by  means  of  properly  fitting  pistons  into  steel  tubes  heated 
to  redness,  the  operation  being  repeated  as  often  as  is  required  to  obtain  the  metal 
in  a  compact  coherent  state.    According  to  MM.  Descotil  and  Hess,  platinum  ores 
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ahoald  be  fint  fused  with  from  2  to  4  times  their  weight  of  zinc,  the  cooled  brittle 
maas  pulverised,  and  treated  with  dilute  sulphuric  acid  to  eliminate  some  of  the  iron 
and  zinc ;  the  remaining  substance  is  then  treated  with  nitric  acid,  which  dissolves 
the  rest  of  the  iron,  copper,  and  lead.  The  ore  is  afterwards  treated  with  aqua 
regia,  which  acts  more  readily  on  account  of  the  fine  state  of  division  of  the  mineral. 
M.  Jeannetty  (Paris)  found  that  platinum  becomes  readily  fusible  by  the  addition  of 
metallic  arsenic,  whicl^  is  afterwards  volatilised. 
""^MdiSiSj?"*  '^^  excellent  method  introduced  by  MM.  Deville  and  Debray,  in 
1859,  is  based  upon  the  fact  that  metallic  lead,  while  fusing  with  platinum  ore, 
dissolves  all  the  foreign  metals,  osm-iridium  alone  excepted.  The  platinum  ore  ia  conse- 
quently placed  on  the  hearth  of  a  reverberatory  furnace,  and,  having  been  mixed 
with  its  own  weight  of  galena,  a  regulus  is  obtained,  under  which  the  osm-iridium 
is  left,  while  a  lead  slag  floats  on  the  top,  the  iron  decomposing  a  portion  of  the 
galena  and  producing  metallic  lead.  The  regulus  is  heated  in  a  cupel  furnace, 
whereby  all  foreign  metals  are  volatilised  or  absorbed  as  oxides,  leaving  the  metallic 
platinum,  which  id  refined  by  being  again  melted  in  crucibles  made  of  lime,  which 
absorbs  and  eliminates  all  impurities,  such  as  silidum,  iron,  copper,  &c.  The  fiiel 
used  for  this  purpose  is  coal-gas,  the  combustion  being  kept  up  by  means  of  oxygen. 
The  smelting  of  i  kilo,  of  platinum  requires  100  litres  of  oxygen  gas  and  300  litres  of 
coal-gas.  The  firm  of  Messrs.  Johnson,  Matthey,  and  Co.,  the  most  eminent  and 
extensive  platinum  smiths  in  the  world,  exhibited  at  the  International  Exhibition 
of  1862  an  ingot  of  pure  platinum  weighing  no  less  than  2i  cwts.,  vidued  at  ^£4000, 
amelted  by  the  method  of  MM.  DeviUe  and  Debray.  The  molten  platinum  is  after- 
wards submitted  to  the  action  of  a  steam-hammer  to  render  it  dense,  solid,  and  fully 
malleable. 

piopMtiMot  FUtintim.  This  metal  is  nearly  as  white  as  silver,  but  with  a  steel-grey  shade. 
It  exhibits  considerable  lustre ;  is  very  m^eable  and  ductile,  and  so  soft  that  it  readily 
admits  of  being  cut  with  a  pair  of  scissors.  It  may  be  drawn  in  wire  thinner  than  a 
spiders'-web,  an  operation  conducted  by  coating  an  already  thin  platinum  wire  with 
■liver.  The  wire  thus  prepared  is  drawn  out  and  the  silver  afterwards  removed  by  nitric 
add,  which  dissolves  that  metal  but  leaves  the  platinum.  The  specific  gravity  of 
platinum  varies  from  21*0  to  23*0.  This  metal  admits  of  being  welded  at  a  white  heat, 
and  may  be  melted  by  the  oxyhydrogen  flame,  its  melting-point,  according  to  Dr.  Deville, 
being  between  1460°  to  1480''.  Platinum  occurs  in  commerce  as  spongy  platinum, 
bUflk  platinum,  forged  or  hammered  and  cast  platinum. 
Btock  pintiiram.       Blaok  and  spongy  platinum  possess  the  property  of  absorbing  and  con- 

Spoagy  Fiatiniiiii.  densing  large  quantity  of  gases,  more  especially  oxygen.  If  a  jet  of  hydrogen 
is  direeied  upon  the  spongy  metal,  black  platinum  being  only  an  exceedingly  finely  divided 
spongy  platinum,  the  gas  combines  with  the  oxygen  absorbed  by  the  met^,  forming  water ; 
aiid  this  combination  is  attended  with  so  great  a  development  of  heat  that  the  platinum 
becomes  rad-hot  and  oausea  the  ignition  of  the  hydrogen.  It  is  upon  this  property  that 
the  weU  known  Dobereiner  lamp  is  based*  Black  platinum  is  prepared  dther  by  boiling 
■nlphate  of  platinum  with  carbonate  of  soda  and  sugar,  when  the  black  platinum  is  pre- 
dpiiated  as  a  very  fine  powder,  or  by  mdting  platinum  and  zinc  together,  and  treating 
the  alloy  with  dilute  sulphuric  add.  Blaok  platinum  is  industrially  employed  in  the 
mairalaetuie  of  vinegar  directly  from  alcohol. 

BjnMwi  «r  OMt  Platinum  may  be  worked  by  hanmiering  or  by  casting.  The  following 
^I^SSStioiM.  firms  are  platinum  workers : — Heraeus,  at  Hanau ;  fV^es  Ghapuis ;  Des- 
mcnitis  and  Qnennessen,  Qodart  and  Labordenave,  at  Paris ;  and  Messrs.  Johnson,  Matthey, 
and  Co.,  Lradon.  The  chief  use  of  platinum  is  for  various  apparatus  in  chemical 
laboratoriea.  Although  this  metal  withstands  a  very  high  temperature,  and  Ib  proof 
•gainst  a  large  number  of  chemicals  which  attack  or  destroy  other  materials,  it  requires 
great  eaie  in  its  use,  as  it  is  readily  acted  upon  by  caustic  alkalies,  fusing  nitrate  of 
poUaia,  free  chlorine,  alkaline  stuphurets,  phosphorus,  molten  metals,  and  readily 
ndiwible  metallic  oxides.  Cmdbles,  spoons,  blowpipe  points,  the  points  of  lightning  con- 
dnelon,  longs  and  forceps,  and  boilers  for  concentrating  sulphuric  add  are  made  of  this 
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metal.  A  boiler  capable  of  conoontrating  daily  8  tons  of  snlphnric  aoid  costs  about  £2500, 
while  a  smaller  bat  similar  Tessel  for  concentrating  daily  5  tons  of  acid  costs  £1640,  the 
Talne  of  the  metallio  platinmn  for  this  size  exceeding  £1000.  Platinum  is  also  used  for 
galvanic  apparatus,  mustard-spoons,  and  now  and  then  for  ornamental  work  in  watch- 
cases,  chains,  <&c.  More  recently  platinum  has  been  used  in  porcelain  staining  to  produce 
a  greyish  hue.  In  the  year  1828,  the  Bussian  Government  commenced  coining  platinum, 
3,  6,  and  12  rouble  pieces ;  but  by  a  ukase  of  22nd  June,  1845,  this  coinage  wal9  dis- 
continued, and  the  money  made,  14,250  kilos,  in  weight,  called  in.  In  France,  pla- 
tinum is  used  for  making  medals,  especially  prize  medals  for .  exhibitions.  The  first 
platinum  coin  ever  made  was  struck  at  the  Paris  Mint  in  1799,  the  dies  having  been 
engraved  by  M.  Duvivier  with  the  effigy  of  the  first  Consul,  afterwards  Napoleon  I.  In  the 
year  1788,  there  was  presented  to  Louis  XVI.  a  watch,  some  of  the  works  of  which  were 
made  of  platinum.  Small  caps  or  cylinders  woven  in  platinum  wire,  are  used  to  emit 
light  when  rendered  highly  incandescent  by  the  flame  of  burning  hydrogen,  the  arrange- 
ment being  termed  a  platinum  gas  lamp.  According  to  M.  Kraut,  platinum  frequently 
contains  barium,  or  a  combination  of  that  metal. 

piAtinam  AUoys.  As  before  observed  platinum  readily  alloys  with  other  metals.  Among  these 
alloys,  that  first  made  by  Deville,  consisting  of  787  platinum  and  21*3  iridium,  especially 
deserves  notice,  as  it  is  not  acted  upon  by  nitro-muriatic  acid,  and  is  hard  and  msdleable. 
An  alloy  of  platinum  containing  10  to  15  per  cent  of  iridium  withstands  fire  and  reagents 
far  better  than  platinum  alone  and  is  harder ;  hence  the  vessels  made  with  it  are  not  so 
liable  to  be  bent  out  of  shape  as  those  of  platinum.  According  to  M.  Chapuis,  an  alloy  of 
92  parts  of  platinum,  with  5  parts  of  iridium,  and  3  parts  of  rhodium,  resists  various 
reagents  better  than  platinum  alone.  The  alloy  of  3  parts  of  platinum  with  13  parts 
of  copper  is,  according  to  M.  Bolzani,  equal  in  all  respects  to  gold.  Dr.  Percy  states  that 
an  alloy  of  platinum  and  gold  for  crucibles  and  other  small  vessels  applied  in  chemical 
operations,  is  best  proof  against  alkalies.  An  alloy  of  equal  parts  by  weight  of  steel  and 
platinum  is  the  best  white  speculum-alloy  known ;  its  sp.  gr.  =  9*862. 

Eiayi  putino-chiorido.  Thifi  Compound  (PtC2H^Cl2),  is  obtained  by  repeatedly  dissolving 
chloride  of  platinum  in  alcohol,  and  evaporatmg  the  solution  to  dryness.  A  very  dilute 
solution  when  heated  on  a  sheet  of  glass  or  a  porcelain  slate,  fields  a  lustrous  coating  of 
platinum. 

Silver. 
(Ag=  108  ;  Sp.  gr.  =  105  to  107.) 

siirer  and  its  Occtirnmce.  Silver  is  a  tolcrably  abundant  metal,  and  is  found  partly  in  the 
native  metallic  state,  almost  always  containing  gold;  partly  in  combinatioQ  with 
otlier  metals,  as  arsenic,  antimony,  lellm-ium,  mercury,  or  combined  with  sulphur  and 
other  sulphurets.  Silver  rarely  occurs  as  oxide  or  combined  with  acids.  The  chief 
ores  are : — Tlie  sulphurct,  silver-glance  (Ag^S),  containing  from  84  to  86  per  cent  of 
silver;  the  dark-coloured  ruby  ore  (sAgaS-f  Sb^Sj),  with  58  to  59  per  cent  of  silver; 
the  light-coloured  ruby  ore  (3AgaS-j-As2S3),  with  64  to  645  per  cent  of  silver;  miar- 
gyrite  (AgjS-f  SbjSg) ;  and  the  brittle  antimonial  silver  ore  (6AgaSb2S3),  with  about 
67  to  68  per  cent  of  silver;  polybasite  [(AgaS,CuaS)9,SbaS3],  with  64  to  726  per 
cent  of  silver;  and  the  white  ore  L(FeS,ZnS,GuaS)4,SbaS3+(rbS,AgS)4,SbaS3],  with 
30  to  3269  per  cent  of  silver.  Galena  frequently  contains  silver,  usually  between 
00 1  and  003  per  cent,  and  sometimes  as  much  as  05  to  10  per  cent.  This  lead  ore 
is  the  chief  source  of  the  silver  produced  in  the  United  Kingdom.  Some  copper  ores 
contain  silver  to  an  amount  varying  from  0020  to  iioi  per  cent.  With  regard  to 
zinc  ore  the  reader  is  referred  to  the  statements  under  that  head. 

xxtnetion  of  8flT«r      'Hie  metallurgical  process  employed  in  the  extraction  of  silver  may  be 
from  tu  orM.       any  of  the  following : — 
I.  By  the  wet  way. 

1.  By  the  aid  of  mercury. 

a.  European  method  of  amalgamation. 
h.  American  method  of  amalgamation. 

2.  By  means  of  solution  followed  by  precipitation. 
a.  AugUBtine*8  method. 

h.  Ziervogel's  method, 
c.  Sundry  methods. 
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n.  By  the  dry  way. 

1.  By  concentrating  lead  ores  rich  in  silver. 

2.  Separation  of  the  eilver  from  the  lead, 
a.  Separation  on  the  hearth. 

6.  Concentrating  the  silver  in  the  lead  by  Pattinson's  method. 

c.  Eliminating  the  silver  from  the  lead  by  means  of  zinc. 

d,  Refining  the  silver-glance. 

Smelting  for  surer  Dii«<:U7.  I .  It  Only  rarely  happens  that  silver  ores  are  rich  enough  to 
admit  of  the  metal  being  obtained  by  a  direct  smelting  process. 

*'*T2IS<^uoif  ^^  2.  The  method  of  obtaining  silver  by  the  aid  of  mercury,  or  the 
amalgamation  process,  is  chiefly  applied  to  very  poor  ores,  and  to  such  metallurgical 
products  as  contain  only  loo  to  120  grms.  of  diver  to  the  metrical  cwt. 

EuropMnAmajjamaUon  Tj^  proccss — ^uow  obsolcte — ^was  conductod  iQ  four  principal 
operations — viz.,  i.  The  roasting;  2.  Amalgamation;  3.  Separation  of  excess  of 
mercury  from  the  amalgam  by  mechanical  means ;  4.  Volatilisation  of  the  mercury. 
There  was  first  added  to  the  ores  about  10  per  cent  of  common  salt,  and  the  mixture 
roasted  to  volatilise  the  antimony,  arsenic,  and  other  volatile  minerals,  the  fumes 
being  condensed  in  properly  arranged  rooms.  By  the  reaction  of  the  common  salt 
upon  the  pyrites,  converted  by  the  roasting  into  sulphate  of  iron,  there  is  formed 
sulphate  of  soda,  chloride  of  iron,  and  sulphurous  acid  which  escapes.  The  chloride 
of  iron  exchanges  its  chlorine  with  the  silver,  the  result  being  the  formation  of  per- 
oxide of  iron.  There  are  also  formed  sulphate  of  copper  and  persulphate  of  iron, 
which,  while  oxidising  any  sulphuret  of  silver  to  sulphate,  become  reduced  to  proto- 
sulphates.  By  the  further  action  of  the  common  salt,  chloride  of  silver  and  sul- 
phate of  soda  are  formed,  and  the  other  metals  converted  into  chlorides.  The 
brown-coloured  mass  is  next  transferred  to  the  amalgamation  tuns;  and  after 
the  addition  of  water,  mercury,  and  iron,  these  tuns  are  made  to  rotate  on  their 
longitudinal  axes  for  a  period  of  16  to  18  hours,  the  velocity  being  regulated  to  20  to 
22  revolutions  per  minute.  The  iron  while  combining  with  the  chlorine,  causes  the 
reduction  of  all  the  other  metals  to  the  metallic  state,  and  as  far  as  capable  these 
then  form  an  amalgam  with  mercury. 

In  order  to  elucidate  the  amalgamation  process  we  will,  for  example,  take  a  silver  ore  to 
eonsitf  t  of — 

(CuaS,AgS,FeS)  +  (A82S3,SbaS3), 

from  which  the  silver  is  to  be  separated,  according  to  the  method  just  described.*  After 
the  roasting  with  common  salt  (ClNa),  there  being  taken  up  in  this  instance  30  mols. 
ol  oxygen,  the  following  substances  are  formed : — 

[(Cu2Cl2^Aga,FeCla)  +  3NaaS04]  -|-  [AsaOa-f-SbaOj+eSOa] , 

Non-volatile  substances.  Volatilised  substances. 

The  changes  which  are  effected  by  the  action  of  the  iron,  mercury,  and  water  in  the  amal- 
gamation tuns  are  exhibited  by : — 

[(CuaCla^AgCl  JFeCla) +3NaaS04-f-3Fe+nHg=3NaaS04-|-  (Cu,Ag,nHg)  -|-4FeCla]. 

. , ' 

Amalgam. 

At  the  end  of  the  period  destined  for  the  rotation  of  the  tuns,  the  amalgam  is  run 
ofil  The  excess  of  mercury  is  strained  through  a  coarse  canvas  bag,  and  collected 
in  a  stone  trough  or  tank.    The  real  amalgam,  a  thick  pasty  mass,  remains  in  the 

*  No  attention  is  paid  in  this  case  to  the  volatile  chlorides  of  sulphur,  arsenic,  and 
antimony  which  are  simultaneously  formed.  The  reader  who  desires  more  extensive 
information  on  the  subject  here  briefly  outlined,  is  referred  to  Mr.  Grookes's  "  Metallnrgy,*' 
voLL 
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bag,  which  ia  ilbst  strongly  preased  between  planks  to  sqneexe  ont  uiy  Further 
flSMSs  of  non-ugentised  meronrj.  The  solid  smHlgam*  is  then  transferred  to  the 
iroa  jdates,  b  b,  (Fig.  54) ,  arranged  as  shown  ia  the  woodcnt,  and  as  already  described 
under  the  article  Mercury.  Bj  the  action  of  the  fire  the  merooiy  is  separated  from 
the  amalgam,  and  being  TolatJlised,  is  oolleeted  tmder  the  water  oonHuned  in  d. 
while  the  mebUlio  silver  and  other  metab  mixed  with  it  are  left  on  the  iron  plates.t 
Fio.  54. 


mMM 
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1" 
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At  the  present  tune,  mstead  of  the  above  contrivance  there  la  used  an  iron  distil' 
ling  ftpparatna.  not  onlike  oyhndncal  iron  gas  retorts  one  end  being  fitted  with 
a  movable  lid  for  tlie  introdnotion  of  the  amalgam,  and  the  other  end  connected 
with  an  iron  tube  which  dips  mto  a  trough  filled  with  ivater  to  condense  the 
volatilised  mercury.  Superheated  steam  is  also  sdvant^eonsly  used  to  separate  the 
mercury  from  the  «malgnm  The  crude  silver  left  after  tlie  separation  of  the  mer- 
cniy  is  submitted  to  a  first  refining  smelting,  by  being  put  into  graphite  cmcibles, 
and  the  snrf^e  covered  with  charcoal  powder.  But  even  after  this  smelting  the 
silver  always  contains  a  oeitain  qosnti^  of  copper,  from  which  it  can  only  be  aepsrated 
by  refining  in  a  cupel  fnmace. 

AMiiiu  ■— ^— ti—  The  Ameriean  process  Is  chiefly  used  in  Uexioo,  Pera,  Chili,  and 
f""*^  Califonua.    The  ores  to  which  it  is  generally  applied  are  the  ruby- 

silver  ores  and  tshl  ores.    These  are  first  pnlreriMd  in  stamping  mills,  and  are  neit 


*  Aooording  to  Dr.  Korsten,  the  oompodtion  of  the  solid  amsJgam  ia: — Stiver,  iro  ; 
meroniy,  84'!  :  oopper,  vj  1  lead,  o-i ;  sine,  o-i. 

f  The  silver  left  on  tne  plates  at  the  Freiberg  mines  ooiuiBts,  aooording  to  Profeasor 
LMupadins,  of !— Silver,  7j-o;  meranry,  07;  oopper,  ai'a;  lead,  1-5.  The  refined  silver 
of  the  same  place  ooDtauu,  aooording  to  Proiaesor  Plattner : — Silver,  71'jj ;  copper,  zS'or. 
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gronnd  with  water  nnder  granite  or  porphyry  millstones,  to  a  thoroughly  impalpable  paste. 
This  material  is  placed  in  a  yard  paved  with  flags,  which  are  laid  with  a  slight  inclination 
sufficient  to  caose  the  rain-water  to  run  off.  After  having  been  kept  there  for  some  days, 
there  is  added  from  |  to  3  per  cent  of  what  the  miners  locally  OBsignate  as  magistral, 
that  is  to  say,  roasted  iron  and  copper  pyrites  (FeCuSa),  which  is  thoroughly  mixed  with 
the  finely  divided  ore.  Morcory  is  then  added  in  quantity  equivalent  to  about  six  times 
the  amount  of  silver  contained  in  the  ore  ;  this  operation  is  termed  incorporation.  The 
kneading  of  the  mercury  is  continued  on  alternate  days  for  two  to  five  months,  and  after 
that  time  the  mass  is  washed  with  water  in  stone  cisterns  in  order  to  separate  the  heavy 
amalgam  from  the  light  gangne.  The  amalgam  thus  obtained  is  separated  from  any 
excess  of  mercury  by  being  pressed  in  canvas  bags ;  the  remainder  of  the  mercury  being 
separated  by  distillation.  The  rationale  of  this  amalgamation  process  is : — The  roasted 
copper-iron  pyrites  is  essentially  made  up  of  mixed  sulphates  of  copper  and  iron,  which, 
when  reacting  upon  the  conmion  salt,  are  converted  into  chlorides  of  the  metals  and  sulphate 
of  soda.  The  chlorides  acting  upon  the  silver  convert  it  into  chloride,  and  this  becoming 
dissolved  by  the  excess  of  salt,  is  converted  by  the  mercury  to  the  metsdlic  state.  Some  of 
the  mercury  is  converted  into  calomel,  and  the  excess  dissolves  the  silver,  becoming  amal- 
gamated with  it.  This  American  process  requires  a  great  length  of  time,  and,  moreover, 
occasions  an  enormous  loss  of  mercury,  as  for  every  mol.  of  silver  reduced  from  the  chloride 
of  that  metal  there  is  formed  i  mol.  of  calomel  (Hg20l2).  On  the  other  hand,  this  method 
admits  of  the  extraction  of  silver  from  ores  too  poor  to  be  treated  in  any  other  way, 
while  a  great  saving  of  fuel  is  obtained. 

^suVSExSiSi;!**'  This  hydrometallurgical  method,  invented  by  M.  Augustin,  is 
based  upon  the  formation  of  a  soluble  double  chloride  of  silver  and  sodium  when 
chloride  of  silver  is  treated  with  an  excess  of  a  warm  solution  of  common  salt,  and 
also  upon  the  fact  that  copper  is  capable  of  precipitating  all  the  silver  from  this 
solution.  The  ore  is  first  reduced  to  a  finely  divided  powder,  which  essentially  con- 
tains sulphurets  of  copper,  silver,  and  iron.  This  powder  is  roasted,  first  without 
the  addition  of  common  salt,  with  the  result  that  sulphates  of  the  metals  are  formed, 
^nd  excepting  that  of  silver,  again  decomposed  by  a  higher  temperature.  The  mass 
is  next  roasted  with  common  salt,  whereby  the  sulphate  of  silver  is  converted  into 
cliloride.  The  mass  is  then  treated  with  a  concentrated  hot  solution  of  common  salt, 
which  dissolves  the  chloride  of  silver,  and  from  this  solution  the  silver  is  precipitated 
by  metallic  copper,  which  becomes  chloride  of  copper,  and  is,  in  its  turn,  precipitated 
by  metallic  iron. 

zi«rTo«ei's  Method.  This  method  is  to  some  extent  similar  to  that  just  described,  but 
no  roasting  with  common  salt  takes  place.  The  roasted  ore,  chiefly  containing  as 
essential  ingredients  sulphate  of  copper  and  sulphate  of  silver,  is  treated  with  boiling 
water  to  dissolve  these  sulphates,  and  yield  a  solution  from  which  metallic  silver  is 
precipitated  by  means  of  copper,  the  sulphate  of  that  metal  being  obtained  as  a 
by-product.  When  the  ores  happen  to  contain  arsenic  and  antimony,  this  method  is 
not  applicable,  as,  by  the  roasting,  arseniate  and  antimoniate  of  silver  are  formed, 
which  are  insoluble  in  water.     If  lead  is  present,  the  ore  becomes  fluxed  and  the 

roasting  a  far  more  difficult  matter. 
snndfTHTdromeuuniKicai  Dy.  Carl  Bitter  vou  Haucr  suggests  the  treatment  of  the  ores 
Method.  MExtf«etin«  ^g  (n  the  European  amalgamation  process,  and  the  extraction  of 
the  chloride  of  silver  by  means  of  a  hyposulphite  of  soda  solution,  the  metallic  silver  being 
next  precipitated  by  the  aid  of  copper  or  tin.  Dr.  Patera  suggests  the  substitution  in 
Augustin's  method  of  a  hyposulphite  of  soda  solution  for  that  of  oonmion  salt,  the  former 
being  more  manageable  and  appUcable  cold.  Similar  suggestions  have  been  made  by 
Dr.  Percy,  who  also  advocates  the  appUcability  of  hypochlorite  of  lime,  and  of  chlorine  gas 
for  converting  the  silver  into  chloride.  MM.  Rivero  and  Gmelin  were  the  first  to  suggest 
the  use  of  ammonia  for  the  purpose  of  extracting  and  dissolving  the  chloride  of  silver  after 
the  ores  had  been  roasted  with  common  stdt ;  the  precipitation  of  the  chloride  from  the 
ammoniacaJ  solution  by  means  of  sulphuric  acid,  and  the  smelting  of  the  chloride  with  a 
suitable  flux  to  obtain  metallic  silver.  We  must  not  omit  to  mention  the  method  of 
extraeting    sUver   from  copper  regnlus  and  mattes    by  means  of  hot  dilate   sulphuric 
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acid,  whereby  the  ooppM  ti  disaolved  bod  ■  rendne  left  oonluniiig  the  silver,  whiob  ia 
(nrther  eitracted  in  the  dij  vaj  by  meanB  of  lead. 
Buruuim  ot  Biim      1^1>B  method  ot  eitracting  silver  from  ita  ore«  by  moaiiB  of  lead  u  baaed 
br  uu  Dn  wiijr.    npon ; — 

I.  The  propert;  of  lead  io  decompose  snlphnret  of  Bilver,iritbthefonii*tioDof  enlphiiret 
ol  lead  and  metallic  silTet  j  ^  I  yield  I  ^f^ 

Am  lead  hardly  acta  at  all  upon  the  other  metallio  snlpbidee,  and  leaat  of  all  npon  those  of 
eoppei  and  iron,  the  prodnate  at  the  smelting  are  load  combined  with  mlTer,  and  a  legnlna 
ooDsieting  of  the  snlpbureta  ot  lead,  copper,  and  iron.  This  method  of  eitroetion  Baooeeda 
best  with  ores  contaiiiiiie  as  small  a  quantity  of  copper  as  possible. 

3.  Upon  the  denomposing  reaction  eiertod  by  oiide  of  lead  and  sulphate  of  lead  upon 
the  EDlphnret  ot  silver,  in  oonsequenoe  of  whi^  thete  are  formed  metallie  lead  oontsiiuiig 
■ilver  and  solpharoiia  acid ; — 

AfeSl     .„   jPb,Afc 
aPbOf  ^^"^  taOi 

ruav^l   -  (aSOi 

3.  Upon  the  radneiug  action  of  lead  npon  oxide  of  eilver  or  npon  inlphate  of  silver : — 

2Pb    1     .  ,,    (PbO 

4.  Upon  the  greater  affinity  of  the  silver  tat  lead  than  for  copper.  If  copper  that 
eontains  silver  is  melted  vrith  lead,  the  result  is  the  formatioii  of  a  readily  fusible  alloy  of 
lead  and  a  difficultly  fadble  alloy  of  ooppei  and  lead,  the  former  metal  bcoog  separable  by 
liqaation. 

""u^^E^^""      Only  genuine  Bilver  ores  are  submittad  to  the  operaldon  of 

sont.  emeldng  with  lead,  bnt  these  ores  UBnallf  contain  variable  propor-f 

tions  of  copper,  lead,  cobalt,  Bnlphur,  and  other  BDbHtanceB.    The  reaolt  of  the 
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smelting  with  lead  ia  the  prodnclioi)  of  a  metal  cont^ning  silver,  to  be  aeparated  hj 
any  of  the  following  operations : — 

1.  On  the  refining-fomace ; 

2.  By  f^ttinaon's  prooess ; 

BttetawfteaM  This  Operation  iaas  frequently  carried  on  at  lead-ore  smeltiDg-woTks 
u  where  only  silver  is  smelted.  The  rational  of  the  operation  is  that  lead  is 
readily  separated  from  Bnch  metals  as  are  at  a  hi^  tempeiatnre  either  oxidisable  with 
Tet;  great  difficult  or  not  at  all ;  whereas  lead  oxidieea  readily,  its  oxide  becoming 
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fluid.  Bat  it  is  requisite  that  the  oxide  of  lead  should  be  removed  or  absorbed  by  a 
suitable  medium,  generally  the  porous  substance  composing  the  cupel  or  bottom  of 
the  hearth  of  the  refining  furnace.  The  operation  is  carried  on  as  long  as  any  oxide 
and  metallic  lead  remain,  so  that  only  the  silver  is  left.  This  operation  is  the  exact 
counterpart  on  the  large  scale  of  the  well-  known  lead-silver  assay  carried  on  in  a 
muffle  with  bone-ash  cupels.  The  refining  furnace,  see  Fig.  55,  is  a  circular  rever- 
beratory  blast-furnace.  The  hearth,  a,  is  covered  with  a  dome  of  stout  sheet-iron, 
lined  inside  with  fire-clay,  and  removable  by  means  of  a  crane,  d.  That  portion  of 
the  hearth  upon  which  the  smelting  is  carried  on  is  constructed  of  a  porous  sub- 
stance, generally  lixiviated  wood-ash  or  marl  of  good  quality.  The  cavity,  c^  is 
intended  for  collecting  the  silver ;  b  is  the  space  for  the  flame.  In  the  circular  wall 
which  surrounds  the  hearth  there  are : — (i).  The  door,  not  exhibited  in  the  cut,  which 
represents  a  vertical  section  intended  for  the  discharge  of  the  molten  litharge.  At 
the  outset  of  the  smelting  this  door  is  only  partly  closed  with  fire-clay  to  admit  of 
the  litharge  being  run  ofl".  The  furnace  is  charged  with  lead  to  a  little  above  the 
level  of  the  lower  sill  of  this  door,  and  the  fire-clay  gradually  removed  as  the  level  of 
the  fused  litharge  sinks.  (2) .  The  door,  p,  opposite  to  the  fire-place,  and  intended  for 
the  charging  and  construction  of  the  hearth.     (3).  The  openings,  a  a\  admitting  the 

tuyeres  of  the  blast. 

The  refining  operation  is  carried  on  at  a  gradually  increased  temperature  until  only  a  very 
thin  layer  of  oxide  of  lead  covers  the  surface  of  the  silver.  This  is  known  by  the  peculiar 
display  of  colours,  technically  known  as  the  brightening,  more  aptly  expressed  in  (German by 
a  word  which  means  lightening ,  for  that  is  really  the  appearance.  This  being  observed,  the 
fire  is  slackened,  and  the  silver  having  been  cooled  with  water,  is  removed  from  the 
liearth.  The  litharge  which  runs  off  is,  on  cooling,  a  yellow  or  reddish-yellow  crystalline 
mass  (see  Lead,  p.  63). 

Pttttinao&'i  Method.      The  refining  process  just  described  is  not  suited,  that  is  to  say, 

does  not  pay,  when  the  lead  contains  only  012  per  cent  of  silver.    Now  it  so  happens 

that  the  various  kinds  of  galena  met  with  in  England  yield  a  lead  which  contains 

only  0*03  to  005  per  cent  of  silver.    In  1833,  Mr.  H.  L.  Pattinson,  of  the  Felling 

Chemical  Works,  near  Gkkteshead-on-Tyne,  instituted  a  series  of  experiments  relative 

to  a  new  method,  applicable  on  the  large  scale,  for  separating  lead  from  silver  when 

the  latter  is  present  in  small  quantities.    His  eflbrts  were  successful,  and  have 

greatly  benefitted  his  own  and  other  countries  where  his  process  is  worked. 

Pattinson's  method  essentially  consists  in  a  concentration  process,  based'npon  the  pheno- 
menon that  when  a  certain  quantity  of  lead  that  contains  silver  is  melted  in  iron  cauldrons, 
and  the  fluid  mass  allowed  to  cool  uniformly,  there  ensues  a  formation  of  small 
octahedral  crystals  which  do  not  contain  any  silver  at  all,  or,  at  any  rate,  are  a  great 
deal  poorer  in  silver  than  the  metal  originally  taken,  while  the  portion  of  the  metal 
remaining  fluid  is  found  to  contain  an  increased  quantity  of  silver.  It  is  clear,  there- 
fore, that  if  the  crystals  first  obtained  are  again  melted  and  cooled  uniformly,  another 
concentration  will  be  obtained,  and  that  the  operation  can  be  repeated  until  a  lead  is 
obtained  rich  enough  in  silver  to  admit  of  undergoing  a  refining  process.  Practically, 
Mr.  Pattinson's  method  admits  of  concentrating  2*5  per  cent  of  ^ver.  In  the  execution 
of  this  process,  the  |  and  i  systems  are  employed.  If  the  first,  at  every  operation  two- 
thirds  of  the  contents  of  the  cauldron  are  removed  with  perforated  ladles,  while  in  the 
other  case,  seven-eighths  is  the  quantity  of  crystals  ladled  out,  leaving  respectively  one- 
third  and  one-eightii  of  the  contents  of  the  cauldron  in  the  shape  of  fluid  lead.  The 
I  system  \b  better  suited  for  the  richer  lead,  the  I  Hybiom  for  very  poor  lead.  M.  Boudchen 
has  recently  modified  Pattinson's  process.  Instead  of  ladling  out  the  crystals,  he 
diffuses  them  in  the  lead,  and  stirs  them  about  to  prevent  them  enclosing  any  lead 
likely  to  contain  silver.  The  lead  is  withdrawn  from  the  cauldron  by  means  of  a  tap  at  the 
bottom.  In  all  cases,  however,  the  quantity  of  lead  operated  on  at  one  time  is  always 
large,  generally  200  owts.,  to  cause  the  cooling  to  proceed  slowly.  At  the  Freidrich  Lead- 
Silver  Works,  near  Tamowitz,  the  enriched  load  contains  1*28  per  cent  of  silver. 
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absorbed  by  the  porons  substances  of  the  cnpel.  As  soon  as  the  surface  of  the  silver 
button  appears  quite  bright,  the  operation  is  iinished,  and  the  cupel  slowly  cooled.  The 
button  of  silver  is  then  weighed.  It  is  usual  to  make  two  assays  of  the  same  sample ; 
these  assays  should  agree  in  their  results  to  within  ti^iv1^<1  ^o  ^^  ^^  <^7  '^ftlii^. 
Wet  Anay.  This  method  of  assaying  silver  was  devised  some  sixty  years  ago  by  the  late 
Professor  Gay-Lussac,  at  the  request  of  the  French  Government,  in  consequence  of  the 
great  irregularity  of  the  results  obtained  by  the  dry  method.  The  wet  assay,  having  been 
very  greatly  improved  in  detail  by  Dr.  G.  J.  Mulder,  M.  A.  W.  H.  van  Biemsdijk,  Dr.  Stas, 
and  M.  J.  Dumas,  is  now  generally  adopted,  and  will  remain  to  all  time  a  master- 
piece worthy  of  the  ingenuity  of  its  original  inventor,  who,  by  introducing  this  method, 
laid  the  foundation  of  volumetric  analysis,  now  so  usefully  and  completely  applied.  Gay- 
Lussac's  wet  method  of  silver  assay  is  more  easily  executed  than  the  dry  assay,  while  it  is 
far  more  correct,  admitting  an  accuracy  of  judgment  within  ,^th  per  cent.  The  method 
is  based  upon  the  property  possessed  by  common  salt  of  precipitating  silver  as  chloride  of 
silver  from  its  nitric  add  solution.  As  5*4274  grms.  of  pure  common  salt  exactly  convert 
I  grm.  of  pure  silver,  previously  dissolved  in  nitric  acid,  into  chloride  of  silver,  it  is 
evident  that,  from  these  data  and  with  the  application  of  suitably  constructed  apparatus 
for  the  volumetric  analysis,  the  fineness  of  any  alloy  of  silver  may  be  ascertained  readily, 
rapidly,  and  with  great  accuracy. 

Hydrotuueai  am«7.  This  method  is  of  course  by  no  means  so  correct  as  either  of  the 
foregoing,  and,  moreover,  is  impaired  by  the  fact  that,  although  alloys  of  copper  and 
silver  expand  under  pressure,  they  become  denser,  so  that  the  hydrostatic  weighing,  that 
is  to  say,  the  estimation  of  the  specific  gravity  of  the  aUoy,  is  only  admitted  as  a  test  of 
its  relative  value.    With  such  aUoys  as  have,  like  coins,  to  be  roUed,  pressed,  or  drawn, 

the  hydrostatical  results  rarely  differ  more  than  ^^  from  the  results  obtained  by  cupella- 

tion.  The  empirical  rule  for  the  estimation  of  the  value  of  silver  assayed  by  this  method 
is  the  following : — The  number  8*814  is  subtracted  from  the  specific  gravity  of  the  alloy, 
two  cyphers  are  added  to  the  difference,  and  the  figure  thus  formed,  considered  as  a  whole 
number,  is  divided  by  579  ;  the  quotient  is  the  fineness  of  the  silver-alloy  expressed  in 
grains.  For  instance,  let  the  specific  gravity  of  the  aUoy  be  =  10*065,  then  the  fineness 
is  =216  grains,  or  -iWo;  since — 

10*065-8*814=1*251 
and 
125,100 
=  216 

579 
8iiT«rin«.       The  coating  of  metals  with  a  film  of  silver  can  be  e£Fected  by: — i,  plating; 
2,  the  igneous  process  ;  3,  in  the  cold ;  4,  the  wet  way ;  5,  galvanicaUy,  or  electro>plating. 

Burer-puting.  In  order  to  coat  metallic  copper  with  a  layer  of  silver,  the  sheet  copper  is 
first  thoroughly  cleansed,  then  treated  with  a  moderately  strong  solution  of  nitrate  of 
silver,  and  next  covered  with  a  sheet  of  silver.  After  having  been  made  red-hot,  the  two 
metals  are  rolled  out  together.  The  silver  then  adheres  so  strongly  to  the  copper  as  to 
admit  of  the  metals  being  beaten  or  stamped  into  various  shapes.  Copper-wire  is  readily 
silvered  by  being  covered  with  thin  strips  of  silver,  and  passed  through  rollers.  But  this 
method  of  plating  is  almost  entirely  superseded  by  electro-plating. 

igBMvt,  or  Ffz«*  This  method  of  silvering  is  effected  by  the  aid  either  of  a  silver-amalgam 
8**'*'*^-  or  by  applying  to  the  wdl-cleansed  surface  of  the  metal  intended  to  be 
silvered  a  mixture  of  i  purt  of  spongy  precipitated  metallic  silver,  4  parts  sal-ammoniac, 
4  parts  common  salt,  and  i  part  corrosive  sublimate.  The  metal  to  be  silvered  is  rubbed 
with  this  mixture,  and  then  heated  in  a  mufile.  Buttons  intended  to  be  silvered  are 
covered  with  a  paste  consisting  of  48  parts  of  common  salt,  48  parts  sulphate  of  zinc,  i  part 
of  mercuric  chloride,  and  2  ps^s  of  chloride  of  silver. 

surerisff  In  the  Cold.  The  metallic  surface  intended  to  be  silvered,  having  been  well 
cleaned,  is  rubbed  by  means  of  a  smooth  cork,  with  a  mixture  of  equal  parts  of  chloride  of 
silver,  common  salt,  |  of  chalk,  and  2  of  carbonate  of  potash,  made  with  water  into  a 
creamy  paste.  Professox'  Hoin  recommends  that  i  part  of  nitrate  of  silver  and  3  of 
cyanide  of  potassium  should  be  rubbed  together  in  a  mortar,  with  the  addition  of  sufficient 
water  to  form  a  thick  paste.  The  paste  is  rubbed  on  the  metal  to  be  silvered  with  a  piece 
of  flannel.  MM.  Boseleur  and  Lavaux  recommend  a  mixture  of  100  parts  of  sulphite  oi 
soda  and  15  parts  of  any  salt  of  silver.  For  silvering  the  dial-plates  of  watches,  <&c., 
M.  Thiede  recommends  a  mixture  of  spongy  silver  with  equal  parts  of  common  salt  and 
cream  of  tartar.    In  order  to  silver  iron  it  is  first  covered  with  a  layer  of  copper. 
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tandnahyibe  ^I^^  is  effected  by  immerBing  the  metal  intended  to  be  silvered  in  a 
wctway.  boiling  aqueous  solution  of  equal  parts  of  cream  of  tartar  and  common 
nit,  with  4  part  of  chloride  of  sUver.  The  description  of  the  methods  of  electro-plating 
nill  be  given  at  the  end  of  the  chapter  on  Metals. 

osidiMd  surer.  The  Small  ornaments  met  with  under  the  name  of  oxidised  silver  are 
prepared  with  either  sulphur  or  chlorine ;  in  the  former  case  a  bluish-black  colour  is 
imparted,  in  the  latter  a  brown.  The  sulphur  is  applied  simply  by  dipping  the  object  into 
a  solution  of  sulphuret  of  potassium,  while  for  the  chlorine  colour  a  mixture  of  sulphate 
of  copper  and  ssd-ammoniac  is  used. 

Mitxmu  of  BUT«r.  Thlfl  Salt  (AgNOj)  is  now  prepared  on  the  large  scale  by  dissolving  silver 
eontaining  copper  in  nitric  acid,  evaporating  the  solution  to  dryness,  and  igniting  the 
reddue  until  all  the  nitrate  of  copper  is  decomposed.  The  residue  is  next  exhausted  with 
pure  water,  the  solution  filtered  and  left  to  crystallise.  For  medical  purposes  the  crystals 
are  fused,  and  while  liquid  poured  into  moulds  to  form  small  round  sticks.  The  most 
eztenaive  use  of  nitrate  of  silver  obtains  in  photography,  a  re-crystallised  neutral  and  pure 
salt  being  preferred.  Under  the  name  of  Sel  Climenty  there  is  now  in  use  in  photography 
a  mixture  of  fused  nitrates  of  silver,  sodium,  and  magnesium,  recommended  as  preferable 
to  nitrate  of  diver  alone.  It  is  stated  that  the  consumption  of  this  salt  for  photographic 
purposes  amounted,  in  1870,  to  1400  cwts.  for  Germany,  France,  England,  and  the 
United  States ;  the  money  value  of  this  quantity  being  estimated  at  £630,000. 

MMxkkog  nik.  A  lajTge  quantity  of  nitrate  of  silver  is  also  used  for  the  purpose  of  making 
indelible  ink  for  miirTciTig  linen.  This  ink  often  consists  of  two  different  fluids,  one  a  solution 
of  pyrogallic  acid  in  a  mixture  of  water  and  alcohol,  being  intended  to  moisten  the  linen 
previous  to  writing ;  the  other,  or  writing  fluid,  consisting  of  a  solution  of  ammoniacal 
nitrate  of  silver  thickened  with  gum.  More  recently  aniline  black  has  been  applied  in  the 
iPfirlnTig  of  linen. 

(jOLD. 

(Au=i97;  Sp.  gr.  19-5  to  19-6). 

^^"^ESStagoSL* ^  ^^^^  is  found  only  in  the  native  metallic  state,  sometimes  in 
veins  interspersed  in  rocks,  and  accompanied  by  quartz,  iron  pyrites,  and  iron  ore. 
More  frequently  gold  is  found  finely  divided  in  sand,  mixed  with  larger  or  smaller 
nuggets,  and  imbedded  in  quartz,  with  various  other  minerals,  such  as  mica,  syenite, 
chlorite  slate,  chrome-iron  ore,  and  spineL  Native  gold  commonly  contains  some 
silver  and  other  metals,  among  which  are  palladium  and  platinum.  According  to 
recent  analyses,  the  composition  of  samples  of  gold  obtained  from  several  countries  is : — 

I.         n. 

Hungary.  S.  America.  Siberia.  California.  Australia. 

Gold         .                 .        6477             8804  8650  8960  992  957 

Silver                                3523             11 '96  1320  1006  0*43  3-9 

Iron  and  other  metals         —                  —             030  034  028  02 

Gold  is  found  native  with  tellurium  and  telluride  of  silver,  and  among  antimony, 
zinc,  arsenic,  and  other  ores.  It  is  also  found  in  galena  and  various  kinds  of  clay ; 
indeed,  gold  is,  next  to  iron,  the  most  widely  dispersed  metal.  The  chief  gold 
jrielding  countries  are : — ^Africa,  Hungary,  the  Oural,  Australia,  and  America,  especially 
Mexico,  Peru,  the  Brazils,  California,  Columbia,  and  Victoria. 

The  total  value  of  the  gold  produced  in  the  year  1869  is  computed  at  j66o,ooo,ooo, 
one-fourth  of  this  representing  the  value  of  the  production  of  California.  The 
value  of  the  joint  production  of  the  Australian  Colonies  is  a  little  above  another 
one-fourth. 

M o<u  of  Bztnouaf  Gold.  The  mode  of  extracting  gold  is  determined  by  the  circum- 
stances of  its  occurrence.  By  fiEur  the  largest  portion  of  the  gold  in  circulation 
is  obtained  by  the  washing  process ;  that  is  to  say,  the  elimination  by  means  of  water 
of  the  lighter  minerals,  the  finely  divided  gold  being  left  behind.  This  process  may 
be  carried  on  in  remote  districts  in  a  very  primitive  manner,  by  simply  putting  the 
sand  into  wooden  bowls,  and  washing  it  gradually  away  with  water.    The  gold 
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80  obtained  is  not  pure,  but  contains  titanic  iron  and  other  minerals.  Wherever 
gold  washing  is  a  regularly  established  business,  as  in  some  parts  of  the  Oural, 
properly  constructed  contrivances  are  applied. 

Bxi»cUOTbyMa»Mof  jhe  application  of  mercury  to  the  extraction  of  gold  is  based 
upon  the  fEict  that  mercury  amalgamates  with  gold  readily  and  very  effectively.  The 
operation  is  carried  on  with  the  gold-containing  sand  in  peculiarly  constructed 
mills.  Mr.  Crookes  has  shown  that  the  addition  of  sodium  to  the  mercuiy 
facilitates  the  extraction  of  the  gold.  The  excess  of  mercury  having  been  removed 
from  the  amalgam  by  pressure  in  leathern  or  stout  linen  bags,  the  remainder 
in  amalgamation  with  the  gold  is  volatilised  by  ignition  in  suitably  constructed 
furnaces. 

BmatiDg  for  Gold.  By  a  jBeut  more  perfect  process  than  washing,  gold  is  extracted  from 
the  gold  sand  by  smelting  with  a  suitable  flux  in  a  blast  furnace.  The  object  in 
view  is  to  produce  a  rou^  or  crude  iron  from  which  the  gold  is  separated  by  means 
of  sulphuric  acid.  This  process  yields  from  25  to  50  times  more  gold  than  merely 
washing  the  sand. 

TrMUtng  with  AQudL  Mr.  Hardiugs  proposed  to  obtain  the  gold  by  treating  the  quartz 
or  sand  with  caustic  alkalies  under  a  high  pressure  of  steam,  thereby  forming 
a  soluble  silicate  and  leaving  the  gold. 

" oSwM^uditeorwI'"*  ^ 8*^^^  happens  to  be  interspersed  through  copper  or  lead  ores, 
they  are  roasted  and  then  washed.  When  the  quantity  of  gold  is  sufficient  such  ores 
are  treated  with  mercury,  while  sometimes  they  are  treated  for  coarse  metal ;  and 
this,  containing  all  the  gold,  is  smelted  with  litharge,  which  absorbs  the  gold,  and  is 
next  separated  from  it  on  a  refining  hearth. 

'**TpS»Mi22J.'*°**  Some  minerals  and  metallurgical  refuse  containing  only  a  very 
small  quantity  of  gold  have  been  treated  at  Heichenstein,  in  Silesia,  by  means 
of  chlorine  water,  or  an  acidulated  solution  of  bleaching  powder.  The  gold  is  con- 
verted into  chloride  of  gold  (AUCI3),  and  is  precipitated  from  the  solution  by 
sulphate  of  iron  or  sulphuretted  hydrogen.  This  method  has  been  severely  tested  by 
MM.  Plattner,  Th.  Bichter,  Georgi,  and  Dr.  Duflos,  and  has  been  found  to  answer 
exceedingly  well,  even  with  very  poor  ores.  This  plan  is  of  course  generally 
applicable  to  gold  sand  and  gold  quartz.  According  to  M.  Allain,  pyritical  ores, 
having  been  roasted  and  treated  with  sulphuric  acid  to  eliminate  the  iron,  zinc, 
and  copper,  can  be  then  treated  with  chlorine  water  so  as  to  extract  the  gold  present, 
to  an  amount  only  of  i  part  of  gold  in  10,000  of  mineral. 

Baflning  Gold.  In  Order  to  separate  any  foreign  metals  from  tiie  gold  obtained  by  the 
above  process,  the  following  methods  have  been  employed,  but  only  the  last  (5.) 
is  now  in  general  use.  For  that  reason  the  other  methods  will  only  be  briefly 
described : — 

1.  Refining  by  means  of  sulphuret  of  antimony  (SbaSj). 

2.  By  means  of  sulphur  and  Utharge. 

3.  By  cementation.  • 

4.  By  quartation. 

5.  By  means  of  sulphuric  acid. 

By  mmum  of  8tiii>har«t      This  proooss  Is  effected  by  first  smelting  the  alloy,  which  ought  to 

of  Antimony.        contain  at  least  60  per  cent  of  gold,  in  a  graphite  crucible.    Pulverised 

black  sulphuret  of  antimony  is  added  in  the  proportion  of  2  parts  to  i  of  alloy,  and  the 

molten  mass  is  then  poured  into  an  iron  mould,  which  is  rubbed  with  oil.    The  mass  on 

cooling  ^rill  be  found  to  consist  of  two  separate  layers — the  upper,  technically  termed 
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pUgwM,  ooniriBting  of  the  Bnlphorets  of  lilyer,  eopper,  and  anlimonj ;  the  lotrer,  an  alloy 
of  antimony  and  gold,  which  is  separated  in  a  muffle  or  a  wind  furnace.  The  remaining 
gold  is  fused  with  borax,  saltpetre,  and  some  powdered  glass. 

By  um  Aid  of  soiphiir.  This  process  does  not  aim  at  the  entire  separation  of  the  gold  from 
the  other  metals,  but  rather  at  its  concentration  in  a  smaller  quantity  of  silyer  than  was 
oziginaUT  present  in  the  alloy,  so  as  to  render  it  suited  for  quartation.  The  alloy, 
preTio>UBly  granulated,  is  mixed  with  ^  part  of' powdered  sulphur,  put  into  a  red-hot 
graphite  crucible,  and  covered  with  charcoal  powder.  The  crucible  is  kept  at  a  low  red 
heat  for  2i  hours,  and  then  raised  to  the  point  of  fusion.  If  the  alloy  contained  gold  in 
any  considerable  quantity,  a  layer  of  silver  separates,  which  will  be  rich  in  gold ;  but  if  the 
onginal  alloy  was  rather  poor  in  gold,  litharge  is  added  to  the  molten  mass,  the  oxygen  of 
the  litharge  eausing  the  combustion  of  the  sulphur  of  a  portion  of  the  sulphuret  of 
fOrer,  the  metallic  silver  combining  with  nearly  ail  the  gold.  The  reduced  lead  is  taken 
np  by  the  sulphurets  of  the  other  metals  present. 

OMMotetion  PnwMs.  Tlie  alloy  containing  gold  having  been  either  granulated  or  rolled 
into  thin  sheets  suitably  cut  up,  is  placed  in  a  crucible,  in  this  instance  technically  termed 
a  cementation  box,  and  mixed  with  4  parts  of  pulverised  bricks,  and  i  part  each  of 
eommon  sidt  and  dried  copperas.  The  crucible  is  then  gradually  raised  to  a  cherry-red 
heat.  Chlorine  is  evolved  in  this  operation  by  the  action  of  the  sulphate  of  iron  upon  the 
eommon  salt ;  there  is  consequently  formed  chloride  of  silver,  which  is  absorbed  by  the 
pulverised  bricks,  while  the  gold  is  left  unattacked.  After  cooling,  the  mass  is  boiled  in 
water  in  order  to  obtain  the  gold.  Here  must  be  mentioned  Mr.  F.  B.  Miller's  process  of 
jmmring  dilorine  into  molten  gold  in  order  to  eliminate  the  base  metals  which  render 
it  brittle,  while  the  silver,  converted  into  chloride,  floats  to  the  surface. 

QMitirtiMi.  This  process  has  obtained  its  name  from  an  opinion  that,  to  ensure  success, 
there  should  be  three  times  more  silver  in  the  alloy  than  gold,  i.e.,  the  gold  should  amount 
to  a  quarter  of  the  entire  alloy.  But  Dr.  M.  von  Pettenkofer  has  proved  that  if  the 
amount  of  silver  be  double  that  of  the  gold,  the  separation  of  the  two  metals  will 
be  complete,  provided  sufficiently  strong  nitric  acid  be  employed,  and  the  boiling  con- 
tinued for  a  length  of  time.  Practically  this  method  is  as  follows: — There  is  added 
to  the  gold  a  sufficient  quantity  of  silver,  and  the  two  metals  are  smelted  together.  The 
alloy  is  next  granulated,  placed  in  a  platinum  vessel,  and  boiled  with  nitric  acid  of  1*320 
up.  gr.,  care  being  taken  that  the  acid  is  free  from  any  chlorine.  The  silver  being  dis- 
solved, the  gold  is  left  behind,  and  further  refined  by  fusion  with  borax  and  saltpetre  in  a 
omcible. 

■•5SiS2rt?Adi^"  ^^^^^  metliod  of  refining,  which  has  been  briefly  alluded  to 
imder  Copper,  is  preferable  to  any  of  the  foregoing  on  account  of  its  perfection, 
cheapness,  and  simplicity.  By  this  method  almost  any  alloy  containing  gold  in 
addition  to  copper  and  silver  can  be  treated,  but  the  quantity  of  gold  should  not 
exceed  20  per  cent,  nor  that  of  the  copper  10  per  cent,  while  the  best  proportions, 
according  to  Dr.  Pettenkofer's  researches  are,  that  in  16  parts  of  the  alloy,  the  gold 
should  not  exceed  4  or  be  much  less  than  3  parts,  and  the  rest  copper  and  silver. 
Usually  the  alloy  intended  for  this  mode  of  operation  is  first  granulated,  or  if 
it  happens  to  be  in  the  shape  of  silver  coins — Mexican  dollars,  for  instance — they  are 
cat  to  pieces.  Formerly,  platinum  vessels  were  employed  in  the  boiling  of  the  alloy 
with  thoroughly  concentrated  sulphuric  acid  (sp.  gr.  1*848),  but  cast-iron  vessels,  or 
sometimes  hard  porcelain  vessels,  are  now  employed,  the  proportion  being  2  molecules 
of  acid  to  I  molecule  of  the  alloy.  The  heating  is  continued  some  twelve  hours, 
imtil  the  copper  and  sUver  are  completely  dissolved.  The  sulphurous  acid  evolved 
IB  employed  in  the  manufacture  of  sulphuric  acid,  or  is  absorbed  by  a  soda  or 
lime  solution  to  form  sulphite  or  bisulphite  of  soda  or  bisulphite  of  lime.  The  solu- 
tion of  mixed  sulphates  of  silver  and  copper  is  poured  into  leaden  pans,  and 
becoming  solidified  on  cooling,  the  pasty  mass  is  dug  out  with  iron  spades,  and  put 
into  leaden  tanks  filled  with  boiling  water,  in  88  parts  of  which  i  part  of  sulphate 
of  silver  is  soluble.  The  silver  is  precipitated  from  this  solution  by  strips  of  copper, 
and  the  solntion  of  sulphate  of  copper  obtained,  having  been  deprived  of  its  excess 
of  free  add  by  the  addition  of  oxide  of  copper,  is  farther  treated  for  blae  vitriol  The 
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gold  which  has  remained  as  a  dark,  insoluble,  spongy  mass,  is  first  boiled  with  a 
solution  of  carbonate  of  soda,  next  with  nitric  acid,  to  free  it  from  any  adhering 
oxide  of  iron,  sulphuret  of  copper,  sulphate  of  lead,  and  other  impurities ;  and  after 
having  been  dried,  is  melted  with  the  addition  of  saltpetre.  By  this  process  it  has 
become  possible  to  extract  the  i-ioth  to  i-i2th  per  cent  of  gold  contained  in  old  silver 
coins;  therefore  this  method  of  refining  has  come  largely  into  use,  as  within  the  last 
thirty  years  nearly  all  European  States  have  recoined  the  silver  money  in  circulation. 
Still  Dr.  von  Pettenkofer  has  observed,  that  nearly  all  the  gold  obtained  by  this  process 
contains  silver  and  platinum,  in  the  proportion  of  970  gold,  28  silver,  and  02 
platinum.    These  metals  are  eliminated  by  fusion  with  saltpetre  and  bisulphate  of  soda. 

At  Paris,  Frankfort,  London,  and  Amsterdam,  this  method  of  refining  is  carried  on  to  a 
large  extent  by  private  firms.  Aooording  to  the  Paris  oustom,  the  refiners  return  to  their 
clients  all  the  silver  and  gold,  retaining  only  the  copper,  and  being  paid  at  the  rate  of 
from  5  to  5i  francs  per  kilo,  of  refined  metal ;  but  if  the  alloy  contains  less  than  i-ioth 
of  gold,  the  refiners  retain  i -2000th  of  that  metal,  paying  a  premium  of  f  franc  per 
kilo,  of  refined  metal  to  their  client.  If  the  client  desires  fJl  the  gold  and  silver  to  be 
returned  to  him,  the  refiner  charges  2  francs  and  10  to  68  centimes  per  kilo.,  according  to 
the  market  price  of  silver,  and  retains  all  the  copper.  Usually,  however,  a  charge  of 
5  francs  per  kilo,  is  paid  to  the  refiner.  The  value  of  the  silver  annually  refined  for  gold, 
at  and  near  Paris,  amounts  to  about  £5,500,000. 

ckwinieauy  Pnn  Gold.  In  order  to  obtain  perfectly  pure  gold,  that  of  commerce  is  dissolved 
in  nitro-hydrochlorio  acid,  the  solution  evaporated  to  dryness,  the  residue,  chloride  of  gold, 
dissolved  in  water,  and  that  solution  precipitated  by  a  solution  of  sulphate  of  iron : — 

Slnhf^'jff  1™  \^^m'^  \      yi«l<l      I  P^"^Sate  of  iron,  2Fea3S04. 
Sulphate  of  iron,  6FeS04  |  |  Chloride  of  iron,  Fe^Cie. 

Aooording  to  Mr.  Jackson,  gold  may  be  readily  obtained  in  a  yellow  spongy  mass,  by 
adding  carbonate  of  potassa  and  an  excess  of  oxalic  acid,  to  a  concentrated  solution 
of  chloride  of  gold,  and  rapidly  heating  this  solution  to  the  boiling-point : — 

(Gold,  2Au. 
yield 


Chloride  of  gold,  2(AuCl3) 
Oxalic  acid,  3C2H204 


Hydrochloric  acid,  6CIH. 
^Carbonic  acid,  6GO2. 

According  to  Mr.  Reynolds,  peroxide  of  hydrogen  precipitates  gold  from  its  acid  solution 
in  beautifully  lustrous  metallic  spangles : — 

fGold,  2Au. 
yield 


Chloride  of  gold,  2(AuC10 
Peroxide  of  hydrogen,  sHjOa 


Hydrochloric  acid,  6C1H. 
Oxygen,  60. 

Sometimes  gold  is  precipitated  by  chloride  of  antimony  or  chloride  of  arsenic.  The 
metallic  gold  obtained  or  precipitated  by  any  of  the  above  processes  is  next  fused  with 
borax  in  a  graphite  orudble. 

prap«xtiM  of  Gold.  The  peculiar  colour  of  gold  is  too  well  known  to  requfre  description. 
The  richness  of  that  colour  is  very  much  impaired  by  even  small  quantities  of  other 
metals.  Many  of  the  Australian  sovereigns,  for  instance,  are  of  a  pale  greenish 
yellow,  due  to  the  presence  of  a  small  quantity  of  silver.  A  small  quantity  of  copper 
gives  a  red  colour  to  the  gold.  Ck>ld  assumes  a  very  high  polish ;  is,  when  un- 
alloyed, but  slightly  harder  than  lead,  and  yet  is  the  most  malleable  and  ductile  of 
all  metals.  Its  absolute  strength  is  equal  to  that  of  silver.  The  specific  gravity  of 
gold  varies  from  19*25  to  1955,  and  even  19*6,  according  to  the  mode  of  mechanical 
treatment.  Its  co-efficient  of  expansion  by  heat  =  682  per  100°  C,  and  its  melting- 
point,  according  to  Dr.  Deville,  is  I037^  Dr.  Van  Eiemsdijk,  however,  fixes  the 
melting-point  at  1240^  the  metal  being  molten  in  quantities  of  several  kilos,  in  an 
atmosphere  of  pure  dry  hydrogen.  Molten  gold  exhibits  a  sea-green  colour.  The 
great  value  of  gold  is  in  a  considerable  measure  due  to  its  not  being  acted  upon  by 
air,  winter,  ordinary  adds,  and  alkalies ;  but,  on  the  other  hand,  even  very  small 
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qnantitieB  of  lead,  antimony,  and  bismuth  impair  its  malleability  to  snoh  an  extent 
as  to  render  it  imilt  for  use  either  as  coin  or  for  ornamental  purposes.  The 
following  metals  have  the  same  effect,  but  to  a  less  extent:  arsenic,  zinc,  nickel,  tin, 
platiTtnm^  copper,  and  silver ;  the  two  latter  being  the  only  metals  suitable  to  alloy 
with  gold  to  make  it  sufficiently  hard  to  resist  wear  and  tear.  Gold,  of  all  the 
metals,  is  most  readily  affected  by  mercury,  even  to  such  an  extent  that  the  merouiy 
present  in  the  imperceptible  perspiration  of  such  individuals  as  have  been  treated 
mediciiially  with  calomel  for  some  length  of  time,  is  sufficient  to  act  very  perceptibly 
upon  their  jewellery,  while  gold  coins  kept  for  some  days  in  their  pockets  become 
Uanohed.  Ck>ld-leaf  imparts  to  transmitted  light  a  blue-green  hue. 
ADoyaoc  Gold.  Pure  gold  is  used  only  for  certain  chemical  processes,  and  beaten  into 
leaf  for  gilding;  the  Staffordshire  potteries  consuming  for  this  purpose  alone 
.£60,000  worth  annually.  All  other  gold,  be  it  used  for  jewellery  or  for  coinage,  is 
always  alloyed  with  copper  or  silver  to  produce  the  degree  of  hardness  requisite  for 
hammering,  stamping,  &c.  Generally  such  alloys  are  considered  as  consisting  of  so 
many  carats  to  the  unit,  the  pound  or  half-pound  being  divided  into  24  carats,  each  of 
which  contains  12  grains.  What  is  termed  18  carat  gold  is  a  unit  of  24  carats  of  alloy, 
containing  18  carats  gold  and  6  of  silver  or  copper.  If  the  latter,  the  alloy  is  termed 
red;  while  if  silver  is  used,  it  is  termed  white ;  and  if  both  metals  are  alloyed  with 
the  gold,  the  caratation  is  termed  mixed.  In  most  countries  there  are  legally  fixed 
certain  standards  for  gold  jewellery.  In  this  country,  16,  18,  and  22  carat  gold  is 
stamped,  or  as  it  is  termed  Hall  marked;  in  France,  18,  20,  and  22  carat;  in 
Germany,  8, 14,  and  18  carat,  and  also  under  the  term  of  Joujou  gold,  a  6  carat  gold, 
used  for  jewellery,  to  be  electro-gilt.  Among  the  coined  gold  of  European  states  the 
term  carat  is  almost  evexywhere  replaced  by  the  expression  of  so  many  parts  fine  per 

mille.    Exceptionally  fine  gold  coins  are  the  Austrian  ducats,  23  carats  9  grains,  ^^ 

of  gold;  the  Dutch,  or  more  correcUy  Holland,  ducats,  i^^,  or  23  carats  6  to  6*9 
grains  gold.  Neither  of  these  coins  are  at  present  a  legal  tender  in  Austria  or  Holland, 
but  they  are  continually  made  at  the  Utrecht  Mint,  having  been  for  many  years  the 
dienlating  medium  in  the  North  Baltic  and  White  Sea  ports,  as  well  as  in  tiie  Black 
Sea,  Levant,  and  Egypt.  Originally  they  were  coins  of  the  Holy  Boman  Empire 
(Germany).  The  English  sovereigns  and  half-sovereigns  are  coined  from  ^|  or 
22  carat  gold ;  or  in  thousands  =  t^oVo  I  ^0  Prassian  Friedrich  d'Or  =  yWo ; 
W^ilhelm  d'Or  =  21!  carat ;  the  20- franc  pieces  of  France,  Belgium,  Switzerland,  and 
Italy  =  21  carat  7 1  grain,  or  ^^^.  According  to  the  Vienna  Treaty  of  1857,  ^^  current 
gold  coins  of  Germany  are  made  in  1000  parts  of  900  of  gold  and  100  of  copper, 
the  relative  value  of  silver  to  gold  being  taken  as  i :  15*3,  or  i :  i5'5. 

coiowoc  Q6kL  As  all  gold  alloys,  commercially  or  industrially  used,  exhibit  colours 
different  from  that  of  pure  gold,  it  is  customary  to  produce  superficially  on  such 
alloys  the  deep  yellow  of  fine  metal  by  boiling  in  a  solution  of  common  salt,  saltpetre, 
and  hydrochloric  acid ;  the  effect  is  the  evolution  of  some  chlorine,  which  dissolving 
a  small  quantity  of  the  gold,  again  deposits  it  as  a  film  of  very  pure  gold.  Electro- 
gilding  is,  however,  frequenUy  substituted  for  this  colouring  process. 

'•^•^«5jjf»*»**  Jewellers  and  goldsmiths  generally  use  touch-needles  made  from 
vaiying  gold  alloys.  The  resistance  of  the  streak  made  upon  the  touchstone  to  the 
action  of  dilate  nitro-muriatio  acid  is  the  test  of  the  fineness  of  the  gold ;  but  it  is 
dear  that  this  method  is  only  approximative,  and  it  cannot  be  relied  on,  as  jewellery 
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is  often  snperficiall^r  coated  with  a  film  of  pure  gold.  The  most  reliable  test  is 
afforded  by  cupellation,  for  which  purpose  the  gold  alloy  to  be  tested  is,  according  to 
its  colour,  fused  with  twice  or  three  times,  or  an  equal  weight  of  silver,  and  about 
ten  times  its  weight  of  lead.  This  compound  alloy  is  submitted  to  cupellation 
in  a  muffle.  The  button  which  remains  on  the  cupel  is  first  flattened  on  an  anvil, 
next  annealed,  and  rolled  into  a  thin  strip,  and  then  boiled  with  strong  nitric  acid  to 
dissolve  the  silver,  the  remaining  gold  being  washed  with  boiling  water,  dried, 
re-ignited  in  the  muffle,  and  finally,  when  cold,  weighed. 

Appuosttons  of  Gold.  It  is  uot  uecessary  to  speak  of  the  well-known  uses  of  gold,  the 
most  extensive  being  its  application  to  coinage,  and  next  that  to  gilding  and  jewellery. 
Gold  in  sheets  I  inch  thick  has  been  used  to  oover  the  large  dome  of  Isaac's  Church, 
at  St.  Petersburg,  while  three,  at  least,  of  the  countless  crosses  on  the  domes  of  the 
Moscow  churches  are  made  of  solid  gold  ;  a  portion  of  one  of  the  domes  of  a  church 
in  the  Kremlin  is  likewise  plated  with  gold. 

oodinc.  This  is  done  either  with  gold-leaf,  or  by  means  of  the  cold  process,  the 
wet  process,  fire-gilding,  or  electro -gilding. 

Giidiog  with ooidiMf.  GU)ld-leaf,  applied  in  gilding  on  wood  and  stone,  is  prepared  in 
the  following  manner : — Fine  gold  is  molten  and  cast  into  ingots,  which  are  hammered 
and  rolled  into  thin  sheets  about  an  inch  in  width,  technically  termed  ribbon.  The 
ribbon  is  out  into  small  pieces  an  inch  in  length,  which  are  placed  between  pieces  of 
parchment,  and  beaten  out  to  a  moderate  thinness.  Goldbeaters'  sldn — ^the  exterior 
membrane  of  the  intestina  orassa  of  oxen — ^is  then  substituted  for  the  parchment 
and  the  hammering  continued  until  the  metal  is  of  extreme  tenuity.  The  refuse  gold 
of  this  operation  is  used  for  the  preparation  of  bronze-gold  for  painters.  The 
articles  to  be  gilded  with  gold-leaf  are  first  painted  over  with  a  suitable  varnish  or 
size,  and  the  gold-leaves  pressed  on  gently  with  a  piece  of  soft  cotton-wool.  Iron 
and  steel,  as,  for  instance,  swords,  gun-barrels,  &c.,  are  first  bitten,  as  it  is  termed, 
with  nitric  acid,  next  heated  to  about  300",  and  then  covered  with  gold-leaf. 

oudiiurbj'  the  Cold      For  this  purpose  fine  gold  is  dissolved  in  aqua  regia ;  clean  linen  rags 

™>«^  are  soaked  in  this  solntion,  and  then  burnt  to  tinder,  consiBting  of 

carbon  and  very  finely  divided  gold.    This  tinder  is  mbbed  on  the  article  to  be  gilded 

with  a  cork  moistened  in  brine ;  the  metallic  surface  to  be  gilded  should  be  well  polished. 

oudinghythfl  This  process  is  carried  out  by  placing  the  article  to  be  gilded  in  either  a 
Wet  Way.  dilute  solution  of  chloride  of  gold  in  ether,  which  rapidly  evaporates,  or  in 
a  boiling  dilute  aqueous  solution  of  the  same  salt,  and  adding  to  it  carbonate  of  soda  or 
potassa  solution.  Iron  or  steel  should  be  first  superficially  coated  with  a  film  of  copper 
by  immersion  in  a  dilute  sulphate  of  copper  solution ;  or  these  metals,  after  being  bitten 
with  nitric  acid,  are  painted  over  with  a  solution  of  chloride  of  gold  in  ether.  A  solution 
of  chloride  of  gold  in  solution  of  pyrophosphate  of  soda  has  lately  been  suggested  as  a 
suitable  bath. 

Fire^ding.  Articles  of  bronze,  brass,  copper,  silver,  especially  buttons  and  ornaments 
of  military  uniforms,  are  gilt  with  an  amalgam  of  gold  and  mercury,  2  parts 
of  the  former  and  i  of  the  latter  being  applied  by  means  of  a  solution  of  nitrate  of 
mercury.  The  articles  being  next  heated  in  a  muffle,  the  volatile  metal  escapes,  leaving 
an  adhering  film  of  gold,  which  may  either  remain  dull  or  be  polished,  the  colour  being 
preserved  in  the  former  case  b^  a  momentary  immersion  in  a  fused  mixture  of  nitre,  alum» 
and  common  salt,  and  immediately  after  in  cold  water.  If  it  be  desired  to  leave  only 
some  portions  of  the  gilding  dull,  the  portions  to  be  afterwards  polished  are  covered  with 
a  mixture  of  chalk,  sugar,  gum,  and  sufficient  water  to  form  a  paste.  The  rationale  of 
the  action  of  the  fasing  mixture  is  that  chlorine  gas  is  evolved,  which,  as  the  term  runs, 
bites  the  gold.  If  it  is  desired  to  impart  a  red-gold  colour,  a  paste  of  wax,  bolus,  basic 
acetate  of  copper,  and  alum  is  spread  on  the  gilding,  and  the  article  held  over  a  dear 
fire,  the  result  being  the  reduction  of  the  copper,  which  combines  with  the  gold.  As  the 
use  of  the  so-called  quioksUver- water  (nitrate  of  mercury)  is  very  injurious  to  the 
operatives,  M.  Masselotte,  of  Paris,  coats  the  articles  with  mercury,  afterwards  with  gold, 
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and  again  with  meroury,  by  means  of  galTomsm.  Finally,  the  mercury  is  volatilised  by 
ignition  in  a  mnfie,  so  arranged  that  the  vapours  escape  only  in  the  flue.  According  to 
M.  H.  Straye,  so-oalled  lire-^t  articles  are  not  really  covered  with  a  simple  film  of  gold, 
bat  with  an  amalgam  of  gold  and  13*3  to  16*9  per  cent  of  mercury.  Electro  gilding  will 
be  treated  in  a  separate  section. 

cbwiiii'B  Popto.  The  preparation  which  bears  this  name  was  discovered  by  Dr.  Cassias,  at 
L^yden,  in  the  year  1683.  It  is  prepared  by  adding  to  a  solution  of  chloride  of  gold  a 
eeruin  quantity  of  sesquichloride  of  tin.  Dr.  BoUey  prescribes  the  following  process : — 
KnI,  Z07  parts  of  the  double  chloride  of  tin  and  ammonium  are  digested  with  pure 
metallic  tin  until  the  metal  is  quite  dissolved,  18  parts  of  water  are  then  added,  and  the 
liquid  mixed  with  the  gold  solution  previously  diluted  with  36  parts  of  water.  The  result 
ia  the  throwing  down  of  a  purple  or  black-coloured  precipitate,  about  the  chemical 
eonstitiition  of  which  nothing  is  certainly  known.  Well  prepared  Cassius's  purple  should 
contain  39*68  per  cent  of  gold. 

laiuofaoid.  The  double  salts  of  chloride  of  gold  and  sodium  (AuCljNaCl+aHO),  and 
the  oorresponding  potassium  salt  (2 AuClj.ECl+sHO),  are  employed  in  photography  and 
medidne. 

Manganese  and  its  Prepabations. 

MaaguMM.  Of  all  the  ores  of  manganese  met  with  in  various  degrees  of  oxidation, 
only  the  peroxide,  mineralogioally  known  as  pyrolnsite,  polianite,  and  technically  as 
glass-makers'  soap,  is  industrially  of  much  importance.  When  perfectly  pure  this 
mineral  consists  of  63*64  per  cent  of  manganese,  and  3636  per  cent  of  oxygen,  its 
formula  being  MnO^;  but  the  ore,  as  met  with  in  commerce,  frequently  contains 
baryta,  silica,  water,  and  sometimes  oxides  of  iron,  nickel,  cobalt,  and  lower  oxides 
of  manganese,  viz.,  Braunite,  Mn^Oj ;  Manganite,  Mn^O^Jl^O ;  Haosmannite, 
MQ3O4 ;  and  various  other  minerals,  as  potassa  compounds,  lime,  &c.  In  Germany, 
the  ore  is  purified  by  most  ingeniously  contrived  machinery,  which  might  be  very 
advantageously  applied  to  a  great  many  other  metallic  ores  and  phosphatic  minerals. 
Manganese  is  industrially  employed  in  making  oxygen,  the  preparation  of  bromine  and 
iodine,  glass-making,  colouring  enamels,  for  producing  mottled  soaps,  in  puddling 
iron,  and  in  dyeing  and  calico-printing,  for  preparing  permanganate  of  potassa ;  but 
the  largest  consumers  are  the  manufacturers  of  chlorine.  The  bulk  of  the  manganese 
of  commerce  is  derived  from  Germany,  which  supplies  about  700,000  cwts.  to  Europe 
annually.  It  is  found  also  very  largely  and  of  excellent  quality  in  Spain,  as  weU 
as  in  Italy,  Greece,  Turkey,  Sweden,  and  British  India. 

''"Sy^S^^      ^®  value  of  manganese  for  technical  purposes  depends — i.  On 

the  quantity  of  oxygen  it  is  capable  of  yielding,  or  the  quantity  of  chlorine  it  will 

e%'olve,  not  taking  into  account  the  O  of  the  MuO.     2.  On  the  nature  and  quantity 

of  the  substances  soluble  in  acids,  such  as  the  carbonates  of  lime  and  baryta,  protoxide 

of  iron,  which,  not  yielding  chlorine,  saturate  a  certain  quantity  of  hydrochloric 

acid.    But  even  if  these  impurities  are  absent,  it  may  happen  that,  of  two  samples  of 

manganese,  one  requires  more  acid  than  the  other  to  evolve  the  same  bulk  of  chlorine 

gas,  as,  for  instance,  when  one  of  the  samples  contains  in  addition  to  peroxide  of 

manganese  (MnO^)  also  the  sesquioxide  (Mn^Oj),  especially  if  the  latter  is  present 

as  hydrate.    3.  On  the  quantity  of  water,  which  may  amount  even  to  15  per  cent. 

Aoeording  to  the  experiments  of  Dr.  Fresenius,  the  most  suitable  temperature  for  drying 
a  weighed  sample  of  manganese,  in  order  to  estimate  the  water  it  contains,  is  120°,  no 
water  of  hydratation  being  expelled  at  that  heat ;  but  for  commercial  analysis  the  drying  of 
a  nmple  at  100**  is  quite  sufficient,  provided  it  be  kept  at  that  heat  for  some  hours  con- 
•eeutively.  Among  the  many  methods  proposed  for  testing  manganese,  that  originally 
invented  by  Drs.  Thomson  and  Berthier,  and  improved  upon  by  Drs.  Will  and  Fresenius, 
is  baaed  on  the  fact  that  a  molecule  of  peroxide  of  manganese  treated  with  sulphuric 
acid  is  capable  of  converting,  by  the  0  given  off,  i  molecule  of  oxalic  acid  into  2  molecules 
of  COi. 
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,  „       , ,     ,  %M  n  \         r  I  inol-  "f  Sulphate  of  protoxide  of  mui- 

I  mQl.  Peroxide  of  mftngsnese.MnO,!  f  oanese.  MnSO.. 

I  moL  Bolphurie  Mid.  H,SO«  t  e»"  j  j  mole,  of  Crubonio  ioid,  aCO,. 

I  mol.  Oxaho  wad,  C1H1O4  J  I  2  mole,  of  Water,  jH,0. 

From  the  weight  of  COi  evolved  is  detemunej  the  qnantit^  of  paioiideDftnuigiuieRe  con- 
tuned  in  the  sample.    The  operation  is  performed  in  the  apparatiu  shown  in  Fig.  56.    The 
flaskaiand  b  are  fittedwithperfeatlytight-&ttiDgcorka,perforatedfor  admitting  the  glasi- 
tnbes,  OS  eeeu  in  the  woodcnt.    In  the  dask  1  is  placed  the  mixture  of  previonsly  dried 
manganese  and  oxalic  aoid,  with  enongh  water  to  fill  abont  one-third  of 
Fio.  56.  the  flask.    The  flaak  b  is  abont  half-filled  with  etrong  Bulphtirio  ooid ; 

the  end  of  the  tabe  c  is  plugged  with  a  piece  of  wax  and  the  apparatiu 
weighed.  Next  some  aii  la  sucked  ont  of  b,  by  means  of  the  tabe  d, 
ao  as  to  caaae  a  small  quantity  of  acid  to  mn  over  into  1 ;  theTeapon  the 
evolution  of  CO,  sets  in,  and  the  escaping  gas  passing  through  Uie  acid 
in  B  is  dried.  The  suction  having  been  repeated,  the  wax  plug  at  c, 
OB  soon  as  the  erolntion  of  COi  oeases,  is  for  a  moment  removed,  and 
the  suction  again  repeated  to  remove  all  the  COi  from  the  apparatus. 
The  plag  of  wax  is  now  replaced  and  the  apparatus  again  weighed ; 
the  loaH  of  weight  gives  by  calculation  the  quantity  of  peroxide  of  man- 
ganese contuned  in  the  aample,  if  one  holds  in  view  that  3  molecules 
C03,(CO]^8S)  stand  to  1  molecule  MnO]  as  the  quantity  of  carbonic 
acid  found  to  z.  If  I'gg  grms.  of  dried  manganese  are  taken,  and  the 
quantity  of  COj  divided  by  3,  the  oentigiammeB  of  COi  Joat  express  the 
proportion  per  cent  of  pure  peroxide  of  manganese  contained  in  the  sample ;  to  1  part  ot 
manganese  ij  parte  of  neutral  oxalate  of  potassa  should  be  token  for  the  experiment.  If 
the  sample  of  manganese  happens  to  contain  carbonates,  it  has,  previonsly  to  being  tested, 
to  be  treated  with  very  dilate  nitric  acid,  and  of  course  well  washed  wiUi  dlHtillwi  water 
and  afterwards  dried.  For  other  methods  of  testing  manganese,  the  reader  is  referred  to 
Ur.  Crookes'B  work  00  "  Select  Methods  in  Chemical  Analysis." 

Permanoakatb  or  Potabsa. 
pnnutumtasiFoUH*.  TbiB  Bolt  (EMn04'l,  Used  fof  diBinfecting,  bleaching,  uid 
other  oxidising  pnrposeB,  and  constantly  employed  in  chemical  laboratories,  owes  its 
efficiency  to  the  fact  that,  in  contact  with  dilute  sulphuric  acid,  it  yields  protoxide  of 
manganese  and  oxygen  (Mni07=zMnO-|-50).  The  permanganate  of  potassa  is  for 
technical  purposes  prepared  in  the  following  manner : — 500  kilos,  of  caustic  potassa 
Bolntion  at  45°  B.  {=144  sp.  gr.)  are  added  to  105  kilos,  of  chlorate  of  potassa 
and  the  mixture  evaporated  to  dryness,  there  being  gradually  added  160  kilos. 
of  powdered  manganese,  and  the  heating  continued  to  the  Alsion  of  the  moss,  which  is 
stirred  until  cold.  The  powder  thus  obtained  is  heated  in  small  iron  crucibles  to  a 
red  heat,  and  when  semi-fluid  is  cooled ;  the  mass  is  next  broken  up  and  put  into  a 
large  cauldron  filled  with  hot  water,  and  left  standing  for  about  an  honr.  The  clear 
liquid  having  been  decanted  from  the  sediment,  hjdrated  peroxide  of  monganeBe,  is 
evaporated  to  CTTStallisation ;  180  kilos,  of  manganese  yield  9S  to  100  kiloa.  of  ciys- 
tallised  permanganate.    Approximately  the  process  may  be  elucidated  as  follows  :— 

a.  By  the  fusion  of  tlie  potassium  manganate  and  chloride  of  potaasiiim: — 
6MnOi+2KC10,+  iiKOH=(3K,Mn04)+KCl+6H,OjJj 

/3.  During  the  solution  of  the  fused  mass  in  water,  the  manganata  of  potassium  is 
converted  into  hydrate  of  potassa,  hydrate  of  peroxide  of  manganese,  and  perman- 
ganate of  potassa:— 3KiMn04-f6H,0=4KOH+2KMnO«+MnOa-4-4H,0.  Conse- 
qaently  one-third  of  the  manganic  acid  is  lost  by  the  formation  of  peroxide  of 
manganese.  This  also  occurs  when,  according  to  M.  Tessi£  du  Motay's  plan,  the 
converwon  of  manganate  of  potassa  into  permanganic  add  is  effected  by  sulphate  of 
magnesia:— 3K,Mn044-2Mg80«=2KMnO,+MnOj+3Kj804+aMgO.Dr.Staedeler 
therefore  suggests  that  the  manganate  of  potassa  should  be  converted  into  perman- 
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ganate  by  chlorine,  according  to  the  formula : — K2Mn04+Cl=KCl-f  KMn04.  For 
diamfecting  purposes  a  mixed  permanganate  of  potassa  and  soda,  or  even  the  latter 
alone,  is  usual ;  the  well-known  Condy's  liuid  is  a  solution  of  this  salt  in  water 
containing  per-sulphate,  not  proto-sulphate  of  iron.  Permanganate  of  potassa  is 
need  to  some  extent  in  dyeing,  and  for  staining  wood. 

Aluminium. 
(Al=27'4;  Sp.  gr.=2  5). 

PrfPM»tion  of  Aluminium.       Alumiiiium,  discovcred  at  Gottingen,  in  1827,  ^y  ^'  Wohler, 

belongs  in  the  shape  of  its  uxido  to  the  most  widely  dispersed  as  well  as  the  most 

commonly  occurring  materials  on  our  globe.     The  properties  of  this  metal  were  more 

particularly  studied  in  1853  ^^y  ^^-  D^ville,  who  found  that  aluminium  is  far  less 

readily  acted  upon  in  tlie  molten  state  by  oxygen,  in  the  cold  by  dilute  acids  and  by 

boiling  water,  than  was  at  first  tliought  to  be  the  case,  and  this  eminent  author's 

researches  gave  rise  to  the  production  of  tliis  nietal  for  industrial  purposes,  two 

mftTiufactories  existing  in  France,  Anz.,  at  Salyndres  and  Ainfrevillc,  and  one  in 

England,  at  Washington,  county  Durham. 

Aluminium  is  obtained  from  tbe  doable  chloride  of  aluminium  and  sodium  by  the  aid 
of  the  latter  alkali-metal,  which  is  prepared  for  this  and  other  purposes  by  the  ignition  of 
a  mixture  of  100  parts  of  calcined  soda,  15  parts  of  chalk,  and  45  parts  of  small  coal. 
Chloride  of  aluminium  is  best  prepared  from  bauxite,  native  hydrate  of  alumina,  which, 
having  been  previously  mixed  with  common  salt  and  coal-tar,  is  next  heated  in  an  iron 
fetort  with  chlorine  gas,  the  result  being  the  formation  of  carl)onic  oxide  and  the  double 
chloride  of  aluminium  and  sodium,  which  volatilises,  and  is  condensed  in  a  reservoir  lined 
with  glazed  tiles.  The  salt  so  obtained  contains  iron,  and  consequently  the  aluminium 
dcriv^  from  it  is  alloyed  with  that  metal.  The  double  chloride  of  alumhiium  and  sodium 
is  converted  into  metaUic  aluminium  by  being  heated  in  a  roverberatory  furnace  with 
sodium ;  while  the  aluminium  is  set  free,  a  slog  is  formed  consisting  of  the  double  salt 
with  excess  of  chloride  of  sodium.  Professor  H.  Rose,  at  Berlin,  first  used  cryolite  for 
his  experiments  on  aluminium,  the  mineral  bearing  that  name  being  a  compound  of  the 
double  fluorides  of  aluminium  and  sodium  (Al2Fl3  +  6NaFl).  This  mineral  being  treated 
at  a  high  temperature  with  socUum  yields  aluminium  and  fluoride  of  sodium,  and  the 
latter  treated  with  quick-lime  yields  caustic  soda  and  fluoride  of  calcium. 

piopeitiM  of  Aluminium.  The  colour  of  tliis  metal  is  intermediate  to  those  of  zinc  and 
tin ;  its  hardness  exceeds  tliat  of  tin,  but  is  less  than  that  of  zinc  and  copper,  and 
about  the  same  as  that  of  fine  silver ;  it  is  a  very  sonorous  metal,  rather  brittle, 
sialleable  to  some  extent,  readily  roUed  into  thin  sheets,  and  may  be  beaten  into  leaf; 
on  the  other  hand,  it  is  not  ductile.  Aluminium  does  not  rust  b}'  exposure  to  air,  and 
it  may  be  even  heated  to  redness  witliout  suffering  much  oxidation.  When  fused, 
however — it  melts  at  700" — ^it  oxidises  so  much  as  to  necessitate  the  use  of  a  flux — 
best  chloride  of  potassium — to  absorb  the  alumina  which  is  formed.  It  is  very 
readily  and  rapidly  dissolved  by  hydrocliloric  acid  and  solutions  of  caustic  potassa 
and  soda,  hydrogen  being  copiously  evolved ;  but  the  metal  is  not  in  the  least  acted 
upon  by  nitric  acid.  It  does  not  amalgamate  with  mercury.  With  tin  it  yields  an 
alloy  of  considerable  hardness,  yet  to  some  extent  malleable ;  with  copper  in  the 
proportion  of  90  to  95  per  cent  of  copper  and  10  to  5  per  cent  of  aluminium,  it  forms 
aluminium-bronze.  This  alloy,  in  colour  similar  to  gold,  is  used  for  artificial  jewel- 
lery and  small  ornaments.  Aluminium  does  not  alloy  with  lead.  The  aluminium  of 
commerce  is  never  quite  pure,  always  containing  silicium,  found  by  Dr.  Rammelsberg 
even  to  io'46  per  cent,  and  frequently  present  to  07  to  37  per  cent;  while  the 
quantity  of  iron  varies  from  i  6  to  7  5  per  cent. 
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AppUttttoM.  Alaminiam  is  now  not  bo  mnch  in  use :  when  first  introduced  altiminimn 
jewellery  w»8  the  order  of  the  day.  The  metal  is  at  present  more  usefoUy  employed  for 
small  weights,  light  tubes  for  optical  instruments,  and  to  some  extent  for  surgical  instru- 
ments. The  price,  however,  of  this  metal,  £5  128.  per  kilo.,  is  too  high  to  admit  of  its 
extended  use;  while  great  lightness,  combined  with  comparative  strength,  are  its  only 
prominent  qualities. 

Magnesium. 
(Mg=24;  Sp.gr.  1743). 

MagnMiani.  As  an  oxlde,  and  in  combination  with  chlorine  and  bromine,  as  well  as 
with  other  metalloids,  magnesium  is  found  in  very  large  quantities,  for  instance,  in 
sea- water  and  camallite,  as  sulphate  of  magnesium,  as  kiescrite,  shoenite,  kainite,  in 
rocks  as  a  pure  carbonate,  and  as  magnesian  limestone;  further  as  a  silicate  in 
meerschaum.  Metallic  magnesium  has  but  limited  commercial  applications.  It  is 
silvery- white  in  colour,  somewhat  affected  by  the  oxygen  of  the  air,  but  not  more  so 
than  zinc ;  fuses  at  about  the  same  temperature  as  that  metal,  and  when  heated  a 
little  above  this  point,  bums  with  an  intensely  brilliant  white  light,  and  in  oxygen 
gas  the  combustion  is  attended  with  a  light  almost  equal  to  bright  sunlight.  Magne- 
sium may  be  readily  drawn  into  wire ;  it  is  at  the  ordinary  temperature  of  the  air  as 
malleable  as  zinc,  and  boils  and  distils  over  at  about  the  same  temperature  as  that 
metal.  Magnesium  is  at  present  only  applied  to  }deld  an  intense  light  in  photography, 
and  for  signals ;  for  this  latter  purpose  it  was  extensively  used  in  the  Abyssinian 
campaign  (1868).  It  has  been  suggested  to  aUoy  magnesium  instead  of  zinc  with 
copper. 

Magnesium  is  prepared  by  a  process  very  similar  to  that  of  aluminium  manufacture : — 
Sodium  is  ignited  with  either  chloride  of  magnesium — Bunsen,  Deville,  and  Carron 
methods — or  the  double  fluoride  of  magnesium  and  sodium — Tissier's  plan — or  the  double 
chloride  of  magnesium  and  sodium — Sonstadt's  method.  Dr.  H.  Schwarz  employs  the 
double  chloride  of  calcium  and  magnesium,  and  M.  Reichardt  camallite,  double  chloride 
of  magnesium  and  potassium.  Several  other  suggestions  have  been  made  as  to  the  mode 
of  preparing  this  metal,  but  it  does  not  appear  that  they  arc  available  in  practice.  Mag- 
nesium is  manufactured  on  the  large  scale  by  the  Magnesium  Metal  Company  at  Man- 
chester, and  the  American  Magnesium  Company  at  Boston,  the  English  firm  producing 
about  20  cwts.  annually. 

Electro- Met.\llurgy. 

AppUeation  of  oaivaniam.  It  is  oue  of  the  most  prominent  properties  of  the  continuous 
electric  current,  that  it  is  capable  of  decomposing  compound  substances  in  such  a 
maimer  as  to  cause  the  constituents  to  be  deposited  on  or  near  the  place  where  the 
current  leaves  the  body  to  be  decomposed ;  tliis  property  is  termed  electrolysis,  the 
body  decomposed  being  termed  eUctrolyte,  and  the  places  wL  re  the  electric  current 
enters  and  leaves  electrodes  ;  the  positive  pole  of  the  battery  being  named  anode,  and 
the  negative  cathode.  The  constituents  of  the  body  decomposed  by  electricity  are 
termed  ions  (from  uov,  participle  of  ct/u,  to  go) ;  that  deposited  or  separated  at  the 
anode  (-f  pole)  being  distinguished  as  the  atiion,  and  that  making  its  appearance  at 
the  cathode  the  cation.  An  electric  current  strong  enough  to  decompose  a  molecule 
of  water  is  also  capable  of  decomposing  a  molecule  of  a  binary  compound ;  accordingly 
the  quantities  by  weight  of  a  body  decomposed  by  the  electric  current  are  propor- 

EieetioiTtie  Law.  tioual  to  the  chemical  equivalents.  The  main  laws  of  electrolysis 
were  discovered  by  Faraday,  who  was  the  first  to  show  that  tiie  constituents 
attracted  by  the  anode  (-f  pole)  are  electro*negative,  and  those  by  the  cathode 
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(—  i>ole)  electro-positive.  As  water  is  a  common  solvent,  it  frequently  occurs  that 
during  electrolysis  its  elements  are  secondarily  decomposed.  For  instance,  sulphate 
of  copper  gives,  at  the  anode  oxygen  gas,  and  at  the  cathode  metallic  copper,  because 
the  oxide  of  copper  appearing  at  this  pole  is  at  once  de-oxidised  by  the  simultaneous 
appearance  of  hydrogen :  the  oxygen  set  free  at  the  positive  plate  combines  with  the 
zinc,  forming  an  oxide,  converted  by  the  acid  into  sulphate  of  zinc ;  so  that  for  every 
equivalent  (63*4)  of  copper  deposited,  one  equivalent  (652)  of  zinc  is  dissolved.  If, 
instead  of  sulphate  of  copper,  suitable  solutions  of  gold,  silver,  &c.,  are  employed, 
the  electro-deposition  of  these  metals  can  be  effected. 

Eketxotyving-  The  foUowing  are  the  chief  technical  applications  of  electrolysis : — 
Electrotyping.  It  has  just  been  said  that  the  copper  separated  electrolytically  from 
the  sulphate  of  that  metal  is  deposited  in  a  coherent  state,  and  if  the  operation  is 
continued  for  some  time  the  layer  of  metal  may  become  sufficiently  thick  to  admit  of 
being  detached  from  the  form  upon  which  it  was  deposited.  This  principle  of  electro- 
typing  was  discovered  in  1839,  simultaneously  at  St.  Petersburg  by  Dr.  Jacobi,  and 
ftt  Liverpool  by  Mr.  Spencer ;  among  those  who  have  laboured  to  improve  this  art, 
are  Messrs.  Becquerel,  Eisner,  Smee,  Ruolz,  Elkington,  and  many  others.  The  metallic 
solution  applied  for  the  preparation  of  casts  to  be  clectrotyped  is  always  a  saturated 
solution  of  sulphate  of  copper,  and  the  form,  technically  termed  the  pattern  or 
matrix,  upon  which  it  is  desired  to  deposit  the  copper,  should  not  consist  of  any 
metal,  such  as  zinc,  tin,  or  iron,  acted  upon  by  a  solution  of  sulphate  of  copper. 
The  matrix  is  usually,  if  it  be  a  metal,  made  of  copper ;  but  more  frequently  it 
consists  of  gypsum  or  gutta-percha.  In  order  to  render  the  electric  current  uniform, 
the  zinc  plate  of  the  battery  is  amalgamated  by  dipping  it  in  hydrochloric  or  dilute 
sulphuric  acid,  and  then  rubbing  mercury  over  the  surface  with  a  brush  or  piece  of 
soft  rag. 

BcpiRMfaietioii  of  canet-  The  engraved  copper-plate  to  be  reproduced  is  placed  at  the 
piau  Kng»TiagB.  bottom  of  a  wooden  trough  lined  with  resin  or  asphalte.  Above  the 
plate  is  fixed  a  wooden  frame,  on  which  is  strained  a  sheet  of  bladder  or  parchment,  to 
serve  as  a  diaphragm ;  and  on  the  top  of  the  frame  a  plate  of  zinc  is  placed,  and  con- 
nected with  the  copper-plate  by  a  strip  of  lead.  A  saturated  solution  of  sulphate  of 
eopper  is  poured  into  the  bottom  of  the  trough,  and  in  order  to  maintain  the  saturation  a 
few  crystals  are  added.  Above  the  porous  diaphragm  a  concentrated  solution  of  sulphate  of 
sine  is  placed.    This  plan  is  also  pursued  in  electrotyping  woodcuts,  stereotype-plates,  <&o. 

Dcpotition  of  Metals.  To  rcproducc  medals  and  other  small  objects  a  weak  current  only  is 
required.  The  plate  or  object  on  which  it  is  desired  to  cause  the  deposition  to  take  place 
is  suspended  vertically  from  the  cathode,  and  a  plate  of  the  metal  to  be  deposited  from 
the  anode ;  in  proportion  as  the  metal  is  precipitated  at  the  cathode,  it  is  dissolved  at  the 
anode,  leaving  the  concentration  of  the  fluid  unchanged.  Such  substances  as  are 
non-oonduotors,  wax,  parafiine,  and  gypsum,  are  first  superficially  coated  with  some 
conducting  material,  as  graphite,  silver,  or  gold-bronze.  Gutta-percha  is  an  excellent 
material  for  casts,  owing  to  its  becoming  plastic  in  boiling  water.  According  to  M.  von' 
Kobell,  a  tough  malleable  copper  is  obtained  by  adding  to  the  copper  solution  some 
sulphate  of  soda  and  sulphate  of  zinc.  Unless  a  rather  weak  current  is  applied,  the 
eopper  is  separated  from  its  solution  in  a  spongy  state ;  on  no  account  should  the 
current  be  strong  enough  to  decompose  water. 

"oSrSdSfTj?**  ^  order  to  apply  a  coating  of  gold  or  silver  to  copper,  brass, 
bronze,  or  other  metallic  alloy,  the  surface  should  be  first  very  thoroughly  cleaned  by 
boiling  in  a  caustic  soda  solution.  Smee's  battery — a  platinised  silver  plate,  and  a 
plate  of  amalgamated  zinc — is  now  generally  used,  the  elements  being  placed  in 
leaden  vessels  lined  with  asph'alte.  The  solution  of  gold  or  silver  in  cyanide  of 
potassium  is  employed  as  the  decomposition  liquid,  in  which  the  objects  to  be  silvered 
or  gilded  are  suspended  by  a  wire  connected  with  the  negative  pole  of  the  battery; 
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and  to  another  wire,  connected  to  the  positive  pole  of  the  battery,  is  fastened  a  piece 
of  platinum,  which  is  also  immersed  in  the  liquid  of  the  decomposition-cell.  The 
whole  process  only  lasts  a  few  minutes,  the  cathode  during  the  time  being  moved 
backwards  and  forwards  by  hand  to  render  the  deposit  uniform.  Plates  of  gold  or 
silver  are  generally  used  instead  of  platinimi  at  the  anode,  and  become  gradually 
dissolved  by,  and  maintain,  the  cyanide  solution  at  a  constant  strength. 

Gold  Solution.  ICO  gHus.  of  cyauidc  of  potassium  are  dissolved  in  i  litre  of  distilled 
water,  and  7  grms.  of  very  fine  gold  in  nitro -hydrochloric  acid,  thLs  solution  being 
evaporated  to  dryness  on  a  water-bath,  the  residue  dissolved  in  distilled  water, 
and  to  the  solution  some  cyanide  of  potassium  added ;  or  the  gold  salt  obtained  on 
evaporation  may  be  dissolved  in  distilled  wat^r,  and  tlie  solution  carefully  precipitated 
with  sulphate  of  iron,  the  finely-divided  gold  being  collected  on  a  filter,  next  washed 
with  distilled  water,  and  finally  dissolved  in  cyanide  of  potassium. 

BUTwr  Solution.  This  solutiou  is  prepared  by  dissolving  well- washed  chloride  of  silver 
in  the  above  solution  of  cyanide  of  potassium,  so  as  to  obtain  a  saturated  solution  of 
cyanide  of  silver,  afterwards  to  be  diluted  with  an  equal  bulk  of  water. 

^  Copper,  bronze,  brass,  iron,  and  steel,  can  be  electro-plated  directly  ;  but  polished  steel, 
tin,  and  zinc,  have  to  be  first  coated  with  a  film  of  copper.  German  or  nickel-silver  is  now 
generally  electro-plated.  The  thickness  of  the  film  of  silver  may  vary  from  i-42nd  to 
i-45oth,  or  even  to  i-94ooth  of  a  millimetre,  corresponding  to  1*240  gnns.  of  silver, 
on  I  square  metre  of  surface.  Frequently  the  best  olectro-plated  ware  raade  in  this 
country  is  afterwards  coated  with  a  very  thin  film  of  palladium  to  prevent  the  silver  being 
affected  by  sulphuretted  fumes. 

Copper  Solution.  For  the  purpose  of  electro-coppering,  a  solution  of  oxide  of  copper 
in  cyanide  of  potassium  is  the  most  suitable  fluid ;  tliis  solution  is  prepared  by  first 
decomposing  a  solution  of  sulphate  of  copper  in  water,  witli  tlie  aid  of  caustic 
potassa  and  grape  sugar,  so  as  to  obtain  a  precipitate  of  suboxide  (red  oxide)  of 
copper,  which,  having  been  collected  on  a  filter,  and  well  washed,  is  next  dissolved  in 
a  solution  of  cyanide  of  potassium.  For  the  purpose  of  electro-coppering  iron  and 
steel,  M.  Weil,  of  Paris,  prepares  a  fluid — ^350  grms.  of  cupric  sulphate,  1500  grms.  of 
potassio-tartrate  of  soda  (ml  seignette),  and  400  to  500  grms.  of  caustic  soda  dissolved 
in  10  litres  of  water. 

M.  Oudry*8  method  of  depositing  copper  on  iron  candelabras,  gas  lamps,  fountain 
ornaments,  <&o.,  is  in  some  particulars  quite  different,  the  copper  not  being  immediately 
deposited  on  the  iron,  which  is  first  coated  with  an  impermeable  layer  of  a  kind  of  red- 
lead  paint,  graphite  being  afterwards  rubbed  in  for  the  purpose  of  rendering  the  surface  of 
the  object  a  conductor.  To  obtain  a  coating  of  copper  i  millim.  in  thickness,  such  articles 
as  candelabra  are  left  in  the  solution  for  4}  days ;  the  ornamental  fountains  of  the  Place 
la  Ck)noorde,  Paris,  have  been  for  a  period  of  two  months  in  the  solution. 

Zinc  and  Tin  Solution.  To  coat  irou  with  ziuc,  a  solutiou  of  the  sulphatc  of  the  latter 
metal  may  be  used,  but  the  so-called  galvanised  iron  of  commerce  is  made  by  a 
dififerent  process,  viz.,  by  placing  the  iron  to  be  coated  in  a  bath  of  molten  zinc, 
covered,  for  the  purpose  of  preventing  oxidation,  with  a  layer  of  molten  tallow  or 
parafi&n.  For  tlie  purpose  of  electro-tinning,  a  solution  of  tin  in  caustic  soda  is 
employed,  the  anode  being  of  tin. 

A  so-called  electro-steehng,  really  a  deposit  of  iron  on  the  copper  plates  used  for  engra- 
ving, is  effected  by  M.  Meidinger  in  the  following  manner : — The  bath  is  a  solution  of  sul- 
phate of  iron  and  chloride  of  ammonium ;  to  the  copper  pole  of  the  battery  a  plate  of 
iron,  and  to  the  zinc  pole  the  engraved  copper-plate,  are  connected.  These  steeled  plates 
serve  for  as  many  as  5000  to  15,000  impressions.  This  method  has  been  applied  to 
stereotyping  with  great  success,  and  indeed  the  deposition  of  iron  electrolytically  is 
a  valuable  addition  to  technology. 
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■MhiBc  ij  cMvuiam.  This  process  is  based  upon  the  fact  that,  tinder  certain  conditions,  the 
nilMitanoes  separated  at,  combine  with  the  electrodes,  the  consequence  being  that  the 
deetrode  is  gradually  corroded  and  destroyed.  The  copper-plate  intended  to  be  etched  is 
nnifonnly  covered  with  a  mixture  of  4  parts  of  wax,  4  of  asphalte,  and  i  of  black  pitch ; 
the  design  is  then  drawn  or  rather  scratched  with  proper  tools  through  this  non-con- 
dneting  layer,  and  the  plate  attached  to  the  anode  of  a  galvanic  battery,  and  placed  in 
a  eolation  of  sulphate  of  copper,  containing  also  a  copper-plate  connected  to  the  negative 
deetrode  of  the  battery.  On  this  plate  is  deposited  the  copper  of  the  solution,  while  the 
oxygen  of  the  decomposed  water,  with  the  sulphuric  acid,  act  upon  the  portions  of  metal 
not  oovered  with  the  protective  layer  and  produce  the  etching. 

lUtaikMiiroiny.  Or  galvanic  painting,  consists  in  depositing  thin  films  of  oxide  of  lead  in 
a  coherent  state  on  metal  plates,  thus  producing  Nobili*s  colours.  The  oxide  of  lead  is,  for 
this  purpose,  best  dissolved  in  caustic  potassa  or  soda  solutions.  In  England,  this  method 
of  ornamenting  is  not  much  applied ;  but  at  Nuremburg,  where  toys  are  largely  manufac- 
tured, this  process  is  very  simply  carried  out  by  placing  the  metallic  object,  previously 
eonnected  with  the  cathode  of  a  battery,  in  a  concentrated  solution  of  oxide  of  lead  in 
eaostio  potassa,  while  to  the  anode  is  affixed  a  piece  of  platinum  foil. 

Wtetto-uenoiTvbig.  For  the  purpose  of  reproducing  printing-types  by  galvanic  means, 
a  wax  impression  of  the  type  is  placed  in  the  deposition-cell.  This  operation  is  also 
employed  for  tiie  reproduction  of  woodcuts,  gutta-percha  being  used  as  a  mould. 

oijphocxBpiiy.  By  this  name  is  understood  a  process  for  reproducing  woodcuts,  but  it  is 
now  altogether  obsolete,  having  been  superseded  by  electro-typing.  A  further  disadvantage 
was,  that  the  glyphographic  plates  could  not  be  printed  from  the  same  matrix  as  type. 

<Mvanocnph7.  At  the  suggestion  of  Dr.  von  Eobell,  the  reproduction  of  some  kinds  of 
drawings  and  pictures  has  been  tried,  in  order  to  enable  exact  copies  to  be  printed  from 
plates  eleotrolytically  obtainod  from  the  origin^  drawings  ;  but  this  method,  of  veiy  difficult 
and  ooBtly  execution,  is  superseded  by  photography. 
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A.   Inorganic  sonrces 
of  Potassa. 


DIVISION  n. 
crude  matehial8  and  pbodu0t8  of  chemical  indd8tby. 

Carbonate  of  Potassa. 

(KaG03=  138*2 ;  in  100  parts,  68*2  potassa  and  31*8  parts  carbonic  acid.) 

****'^isffiJSL  °**^  The  substance  known  in  chemistry  as  carbonate  of  potassa  is 
generally  termed  potash,  because  it  was  formerly  obtained  from  wood-ash,  which, 
after  lixiviation  with  water,  was  evaporated  to  dryness  in  cast-iron  pots.  Potassa 
occurs  native  in  considerable  quantities,  but  never  free,  being  combined  with  silica  in 
many  minerals,  also  in  combination  as  chloride  of  potassium,  sulphate  of  potassa, 
and  in  various  plants  with  organic  acids.  The  following  axe  the  sources  whence 
potassa  is  industrially  obtained. 

I.  The  salt  minerals  of  Stassfort  and  Kalucz ;  products — 
camaUite,  sylvin,  kainite,  and  schoenite. 

II.  Feldspar  and  similar  minerals. 
m.  Sea-water,  and  the  mother-liquor  of  salt  works, 
rv.  Native  saltpetre. 
/      V.  The  ashes  of  several  plants. 
B.  Organic  sources  of  J      ^  ^stmSn''^  ^^  molasses  of  beet-root  sugax  after 

Vn.   Sea- weeds,  as  a  by-product  of  the  manufacture  of  iodine. 
^  Vm.  The  suint  of  the  crude  wool  of  sheep. 

suSfSt^M^e^  ^-  The  very  abundant  salt-rocks  near  Stassfurt,  in  Prussia,  and 
Kalucz,  in  Hungary,  chiefly  yield  camallite,  sylvin  (CIK),  and  kainate,  a  compound 
of  sulphate  of  potassa  and  magnesia  with  chloride  of  magnesium.  Camallite,  so 
named  in  honour  of  Camall,  a  Prussian  mining  engineer,  consists,  in  100  parts, 
leaving  the  bromine  out  of  the  question,  of — 

Chloride  of  potassium    27 

Chloride  of  magnesium 34 

tT  ctrvV^X  •  •  •  •••  •••  •••  •••  •••  3-7 
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Formula— KCL,  Mg|^^+6HaO.    This  salt  is  applied  in  the  manufacture  of— 

a.    Chloride  of  potassium. 
p.    Sulphate  of  potassa. 
r.    Potash  (carbonate). 
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a.  Preparation  of  Chloride  of  Potaaaium. — Aocordijig  to  the  proceaa  originally 
patented  (1861)  bj  Mr.  A.  Frank,  Qie  abraum  aalta  are  ignited  in  a  reTerberatoiy 
fomace.  with  or  without  the  aii)  uf  a  current  of  eteani,  and  next  lixiviated  with  water, 
the  resulting  liquor  yielding  clilorido  of  potassium,  Tlie  rationale  of  tbia  proceas 
ia: — I.  That  tb@  camallite  of  the  abraum  salts  is  separated  by  the  action  of  the  water 
into  chloride  of  potaasinm  and  chloride  of  magnesiura.  z.  The  latter  salt  on  being 
ignited  in  a  cnrreiit  of  steam  ia  decomposed  into  hydrochloric  acid,  which  escapes, 
and  Qiagiiesia,  which  is  practically  inaolubto  in  watur.  and  which  conaequenUy  remains. 
This  proceas  is  not  found  to  answer  well  on  the  large  scale,  because  tie-abraum 
calta  contain  other  chlorides,  tlie  chloride  of  aodium  and  tachydrile,  by  the  presence 
of  which  the  decomposition  of  the  carnallite  is  hindered.  Dr.  Griineberg,  therefore, 
raggeeted  that  the  abraom  salts  sboulil  be  first  meclianicallT  purilied,  that  ia  to  say. 
the  difTerent  components  of  the  abraum  aalta  ahould  be  separated  from  each  other 
according  lo  their  varying  specific  gravity,  which  for — 

Camallitu  is=  ifiiS 

Chloride  of  sodium  is  =  zzoo 

Kieserite  is  =  2*517 

The  abranm  salt  bai-ing  been  ground  to  a  coarae  powder  ia  passed  throng  rievea, 
and  treated  aa  minerala  are  in  metallurgical  processes,  with  the  diifercDce  that,  iniitead 
of  water,  which  of  course  would  dissolve  the  salts,  a  thorouglUy  concentrated  solution 
of  chloride  of  magnesium  is  applied,  this  solnlion  not  acting  upon  the  salts,  and  being, 
moreover,  obtained  as  a  by-product  in  enormously  large  quantities.  The  above- 
mentioned  salts  settle  in  layers  according  to  their  densities,  the  camallite  forming 
the  upper,  and  the  kieserite  the  lowest  layer.  The  camallite  ia  at  once  applied  to 
the  preparation  of  chloride  of  potassium  ;  the  middle  layer  of  common  salt  is  so  free 
from  other  foreign  soils  ea  to  be  fit  for  domestic  use ;  the  kieserite,  after  having  been 
washed  with  cold  water  to  remove  any  adhering  chloride  of  sodium,  is  applied  to  the 
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manufacture  of  sulphate  of  potaaaa,  to  be  presently  described.  However,  the  greater 
number  of  mannfacturers  at  Stasafnrt  prefer  anollier  plan,  applying  the  five  following 
operationa  to  the  abranin  salts  as  delivered  from  the  salt  quarries: — i.  Liiiviation 
ef  the  camallite  with  a  limited  quantity  of  hot  water,  sufficient  to  dissolve  the 
chlorides  of  potaadom  and  magneEium,  leaving  the  bulk  of  the  common  salt  and 
magneaiao  golpbate.      a.    CrrstaUiaing  the  cUoiids  of  potaesinm   by  (rtifioiaUgr 
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3.  ETsporatiiig  and  cooling  the  mother -liquor  to  produce  a  Becond  yield 
of  crjBtalliBed  chloride  of  potaasium.  4.  Again  evaporating  and  cooling  the  mother- 
liquor,  which  yields  the  double  salt  at  the  chlorides  of  potasHinm  and  magneBium, 
or  artificial  camaJlite,  which  is  next  treated  in  the  same  manner  as  the  nadve  salt. 
5.  Washing,  drying,  and  packing  the  chloride  of  potassium. 

I.  The  oamallite  1b  put  into  etuC-iron  lixiviation  Tasaela  and  mixed  mth  threo-fonrtbsol 
its  weight  of  water,  previoualy  emplojed  lor  the  washing  of  <^iide  chloride  of  potasBiam, 
and,  therefore,  containing  a  largo  quantity  of  common  salt  and  some  otilorido  of 
potassium  ;  steam,  at  120°,  and  at  a  preaeure  of  30  Ibe.  to  the  eqnare  inob,  is  forced 
(lirongh  the  perforated  ciioulsrl;  bent  tube,  t  (Fig-  59)  at  tbs  bottom  of  the  Tessel.  In 
Mr.  Douglas's  works  tbe  lijiriation  vasselB,  Figs.  57, 
58,  and  30,  have  a  onbical  capacity  of  zo  tone.  They 
are  closoci  with  a  tightly-tltting  lid.  an  opening  being 
oat  tor  tbe  oscape  of  enrplns  stoam.  The  stirrer,  0,  ii 
kept  in  motion  by  steam  power.  When  the  admission 
of  steam  and  tbe  Btirriog  has  been  oontinned  about 
throe  hours,  tbe  contents  of  the  vaasels  are  left  at  reat 
for  two  days,  after  which  the  saturated  solution  has  a 
density  of  31°  B.  =  i'i86  sp.  gr.,  and  is  forced  by  steam 
pieesuie  into  oryatallising  Tessels;  the  residue  in  the 
liiiriatlon  vessels,  amounting  to  about  one-third  of  the 
weight  ol  the  oamallite,  is  again  treated  as  described. 

1.  Tbe  oryBtallisatJon  vessoU  are  ol  wood  or  sheet- 
iron,  I'zo  metres  diameter,  by  i'5  to  ig  metres  height. 
The  chloride  of  potassinm  crystallises  in  combinatiDu 
with  common  salt,  and  is  strongly  impregnated  with  tbe 
very  soluble  and  highly  deliqueeceut  ubloride  of  mag- 
nesiimi;  the  salt  deposited  at  the  bides  of  tbe  Toseel 
li  of  chloride  ol  potassioni,  while  that  coUectod  at  the 
bottom  ooutains  only  55  per  cent.  If  shallow  Tsssels  are  employed,  the  saline  solution 
cools  more  rapidly,  and  a  finer  grained  salt  is  obtained,  miied.  however,  with  impurities, 
and  requiring  more  washings,  an  operation  which,  with  tbe  coarse  salt,  has  only  to  bo 
performed  once  to  yield  80  per  cent  chloride  of  potassiuja.  Most  ot  the  chloride  ol 
potaasimn  sold  by  the  mannfacturers  contains  80,  and  in  some  oases  85  and  90.  per  cent 
of  (he  pure  salt. 

3.  The  evaporation  of  the  first  motbcr-Iiquor  is  carried  on  in  iron  pons  of  varioDs 
sizes.    As  by  the  evaporation  common  salt  is  largely  dcpositi'd,  which  has  a  tendency  to 

Fio.  60. 


contains  upwards  of  70  f 


a  at  the  bottom  of  the  pans,  and  check  tbe  conduction  of  hsat,  the  pans  are  set  so  as 
to  receiTe  the  action  of  the  flame  only  on  the  sides  [Fig  61)  and  the  bqnid  kept  constantly 
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gUrred.  When  the  liquor  has  been  reduced  to  about  two-thirds  of  its  bulk,  with  a  density 
of  33°  B.  =  1*298  sp.  gr.,  it  is  run  into  the  crystallising  vessels.  The  mass  remaining  in 
the  evaporating  pan,  consisting  of  60  to  65  per  cent  common  salt,  6  per  cent  chloride  of 
potassium,  and  30  per  cent  double  sulphates  of  magnesium  and  potassium,  is  used  as  manure. 
Bteam-heated  evaporating  pans,  represented  in  Fig.  60,*  are  employed  by  some  manu- 
facturers ;  the  four  steam-tubes,  t,  are  placed  parallel  to  the  sides  of  the  vessel,  and  open  in 
«,  the  waste  steam  being  carried  off  by  the  tube  t'.  As  might  be  expected,  the  concen- 
tn^on  of  the  liquor  is  more  rapidly  performed  by  means  of  steam,  but  the  crystalUsation 
of  the  second  crop  of  salt  is  poorer,  yielding  only  50  to  60  per  cent  chloride  of  potassium, 
and  requiring  two  to  three  washings  to  accumulate  80  per  cent  pure  potassium  salt. 

4  and  5.  The  second  mother-Uquor  is  again  concentrated  by  evaporation  to  35**  B. 
B  sp.  gr.  1*299,  yielding  a  saline  mass  similar  to  the  residue  of  the  first  evaporation,  and 
to  which  it  is  added  and  used  as  a  manure.  On  being  submitted  to  crystallisation,  this 
last  liquor  yields  artificial  camallite,  treated  as  the  salt  obtained  from  the  native  deposit, 
giving,  however,  with  less  labour  80  to  90  per  cent  chloride  of  potassium.  The  chloride 
of  potassium,  idfter  washing  with  pure  water,  is  dried  either  in  rooms  heated  by  steam,  or 
in  a  moderately  heated  reverberatory  furnace.  The  dry  salt  is  then  packed  in  casks, 
each  containing  about  500  kilos. 

fi.  The  preparation  of  sulphate  of  potassa  may  be  effected : — 

a.  From  chloride  of  potassium  and  sulphuric  acid. 

6.  By  Longmaid  8  (see  Soda  Manufacture)  roasting  process,  viz.,  the  calcination 
of  chloride  of  potassium  and  sulphuret  of  iron,  and  in  metallurgical 
processes  where  chloride  of  potassium  is  used  instead  of  chloride  of  sodium. 

c.  From  chloride  of  potassium  and  kieserite. 

d.  From  kainite. 

The  conversion  of  chloride  of  potassium  into  the  sulphate  of  potassa  by  double 
decomposition  with  sulphate  of  soda  is  not  practicable  on  the  large  scale,  as  the  two  salts 
have  a  tendency  to  form  double  salts ;  therefore,  the  methods  a  and  b  are  practically 
available  only  under  certain  pecoliar  conditions.  A  small  quantity  of  chloride  of  potassium, 
obtained  in  Scotland  as  a  by-product  of  the  preparation  of  kelp,  is  converted  into  sulphate 
of  potassa  by  the  means  in  use  for  the  manufacture  of  soda  {quod  vide").  The  leading 
points  in  the  manufacture  of  salpbate  of  potassa  by  the  aid  of  the  sulphuric  acid  contained 
m  kieserite  are  the  following : — First  schoenite  and  camallite  are  prepared  by  dissolving 
chloride  of  potassium  and  kieserite  in  boiling  water,  and  crystallising  the  solution  thus 
obtained : — 

4  mols.  Baesorite  I   =   I  ^  mols.  Schoenite. 

3  mols.  Chloride  of  potassium  j         [  i  mol.  Camallite. 

The  schoenite  and  artificial  camallite  arc  separated  by  orj'stallisation,  and  the  former 
decomposed  by  chloride  of  potassium  : — 


4  mols.  Schoenite 

3  mols.  Chloride  of  potassium 


'4  mols.  of  Sulphate  of  potassa. 
2  mols.  of  Schoenite. 
^  I  mol.  of  Camallite. 


The  sulphate  of  potasKa  crystaUises  first,  and  is  simply  purified  by  washing  with  water. 
Ai  kainite  is  found  in  very  large  quantities  among  the  stilmc  deposits  near  Stassfurt,  it  is 
ftlon  used  for  the  preparation  of  sulphate  of  potassa ;  by  a  simple  washing  with  water, 
the  chloride  of  magnosium  contained  in  the  kainite  is  removed,  and  the  salt  thus  converted 
faiio  Bchoenite : — 

nul"^^      f  ■       \  =  Schoenite. 

—  Chloride  of  magnesium) 

The  schoenite  is  then  employed  in  the  manufacture  of  sulphate  of  potassa  by  being 
treated  with  chloride  of  ]>otassiuni ;  the  sulphate  of  potassa  thus  obtained  is  used  either 
in  alum  or  potassa  manufacture,  or  as  a  potassa  manure. 

7.  Preparation  of  Carbonate  of  Potassa  or  Minerjil  Potash. — Verj^  many  suggestions 
have  been  made  for  converting  by  simplo  mctms  chloride  of  potassium  and  sulphate 
of  potassa  into  carbonate  of  potassa,  industrially  knowTi  as  potash ;  but  most  of 
the  plans  proposed  are  unfit  for  use  on  the  large  scale,  and  even  the  method  adopted 
by  Loblanc  for  soda  manufacture  has  not  been  in  every  case  successful  when  applied 
to  the  production  of  chloride  of  potassium.     At  Kalk,  on  the  opposite  bank  of  the 
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Hhine  to  Cologne,  a  process,  said  to  be  based  upon  Leblanc's  method,  is  successfully 
in  operation,  but  the  real  arrangements  are  carefully  kept  secret,  no  one  being  allowed 
to  visit  the  works ;  however,  it  is  stated  that  sulphate  of  potassa  containing  schoenite 
is  mixed  with  chalk  and  small  coals,  and  calcined,  the  calcined  mass  being  lixiviated 
when  cool,  and  yielding  carbonate  of  potassa  in  solution,  and  a  residue  of  sulphide 
of  calcium. 

""*^fr'omFJ&r°***"      II-  Potassa-salts  from  feldspar.     It  has  been  found  by  the 

analysis  of  minerals  entering  largely  into  the  constitution  of  rocks,  that  potassa  is 

present  in  considerable  quantities.    The  following  may  be  taken  as  instances : — 

Orthoclase,  or  potash  feldspar,  contains  from  lo  to  i6  per  cent ;  potash  mica,  8  to  lo 

per  cent ;  trachyte,  glaukonite,  phonolithe,  7  to  8  per  cent ;  porphyry,  granulite,  and 

mica  schist,  6  to  7  per  cent ;  granite,  syenite,  gneiss,  5  to  6  per  cent ;  dolerite,  basalt, 

kaolin,  and  clay,  i  to  2  per  cent. 

Before  the  discovery  of  the  potassa-salt  deposits  at  Stassfurt,  Ealucz,  and  elsewhere, 
there  were  many  suggestions  made  as  to  the  obtaining  of  the  potassa  on  the  large  scale  ; 
but  at  present  this  branch  of  industry  lies  dormant,  notwithstanding  the  theoretical  value 
of  Mr.  Ward's  (1857)  suggestion  that  feldspar  should  be  mixed  with  fluor-spar,  both  finely 
pulverised — the  fluorine  being  equal  in  quantity  to  the  potassa  contained  in  the  fluor-spar 
— a  mixture  of  chalk  and  hydrate  of  lime  added,  the  mass  ignited  in  kilns  or  gas-retorts, 
and  finally  treated  with  water  to  yield  caustic  potassa  and  a  residue,  which,  after  another 
calcination,  jrields  excellent  hydraulic  lime. 

^°'^wl!ter!'°"  m*  ^^'  Usiglio  found  that  the  water  of  the  Mediterranean  contains  in 

10,000  parts  by  weight  5*05  parts  of  potassa ;  and  after  the  removal  of  the  more 

readily  crystallisable  salts  left  by  the  spontaneous  evaporation  of  the  water  by  the 

sun's  heat,  this  natural  mother-liquor  is  applied  to  the  preparation  of  potassa-salts, 

according  to  the  following  method : — 

The  process  now  in  use  near  Aigues  Mortes,  and  other  localities  in  proximity  to  the 
Mediterranean,  was  invented  by  Professor  Balard,  the  discoverer  of  bromine,  and  yields 
from  I  cub.  met.  of  mother-liquor,  equal  to  about  75  cub.  mets.  of  sea-water,  at  2S^  B. 
=  1*226  sp.  gr.,  40  kilos,  of  sulphate  of  soda,  120  kilos,  of  refined  common  salt,  and 
10  kilos,  of  chloride  of  potassium.  It  has  been  found,  however,  that  this  method  is  rather 
costly,  and  the  mother-liquor  is  generally  left  to  spontaneous  evaporation,  yielding  the 
three  following  kinds  of  salt: — a.  The  first  salt  separated  from  a  liquor  of  32°  B. 
=  1*266  sp.  gr.,  only  impure  common  salt.  b.  The  second  salt  separated  from  a  Uquor, 
32°  to  35^  B.  =  1*266  to  1*299  sp*  gr.,  consisting  of  equal  parts  of  common  salt  and  Epsom- 
salt,  and  termed  mixed  salt.  c.  The  third  salt,  35"  and  37°  B.  =  1*299  to  1*321  sp.  gr., 
termed  summersalt.  The  second  salt  having  been  dissolved  in  fresh  cold  water,  the 
solution  is  placed  in  Carry's  ice-making  machine,  and  yields  sulphate  of  soda  by  an 
exchange  of  its  constituents.  The  third  salt  is  dissolved  in  boiling  water,  yielding  on 
oooHng  half  its  potassa  as  kainite.  The  mother-liquor,  containing  camallite,  common 
salt,  and  bitter,  or  Epsom-salt,  yields  sulphate  of  soda,  and,  when  treated  with  chloride 
of  magnesium,  all  its  potassa  as  camallite,  which,  by  being  washed  with  water,  yields 
chloride  of  potassium.  In  this  way  it  has  become  possible  to  obtain  45  per  cent  of  the 
potassa  of  the  mother-liquor  as  chloride  of  potassium,  and  55  per  cent  of  schoenite,  which 
is  converted  into  sulphate  of  potassa. 

a!{^^?S^!  I^-  1^®  residue  left  from  the  ignition  of  the  organic  matter,  or  wood, 
as  it  is  usually  termed,  of  plants,  contains  those  mineral  substances  which  the  plant 
has  taken  from  the  soil,  chiefly  potassa,  soda,  lime,  magnesia,  small  quantities  of  the 
protoxides  of  iron  and  manganese,  combined  with  phosphoric,  sulphuric,  silicic,  and 
carbonic  acids,  and  also  with  the  haloids.  These  combinations  are  not,  however,  the 
same  as  those  existing  in  the  living  plant,  because  the  high  temperature  of  the 
ignition  has  the  efifect  of  changing  the  affinities.  Plants  growing  near  the  sea  gene- 
rally contain  large  quantities  of  soda,  while  those  inland  contain  generally  more 
potassa.  The  quantity  of  ash  varies  not  only  for  diflerent  kinds  of  plants,  but  for 
various  parts  of  the  same  plant,  ver}-  succulent  plants  and  the  most  succulent  parts 
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generally  yield  the  largest  quantity  of  ash ;  herbs  yield  more  ash  than  shrubs,  shrubs 
more  than  trees,  and  the  leaves  and  bark  of  these  more  than  the  wood.  It  is  evident 
that  the  inorganic  matter,  chiefly  alkaline  salts,  being  contained  in  the  juice  of 
plants  in  a  soluble  state,  the  quantity  must  of  necessity  be  greatest  in  the  juicy 
and  succulent  parts. 

Dr.  Bdttger  found  the  ash  of  beech-wood  to  contain — 

21*27  per  cent  of  soluble  salts, 

7^73     i>    *•      of  insoluble  salts. 
The  soluble  salts  were  found  to  be — 

Carbonate  of  potassa  . .  15*40  per  cent 

Sulphate  of  potassa  2*27    „    „ 

Carbonate  of  soda 3'40    ,,     „ 

Chloride  of  sodium        . .     . .  0*20    „     „ 


21*27  per  cent 

The  value  of  an  ash  for  the  manufacture  of  potash  is  chiefly  dependent,  in  the  first 
place,  upon  the  quantity-  of  potassic  carbonate  it  will  yield,  upon  the  abundance  of  the 
wood  or  other  vegetable  product,  and  the  cost  of  labour.  The  undermentioned  woods 
yield,  on  an  average,  for  1000  paits,  the  following  quantities  of  potash — 

Pine     0*45         Beech-bark 6'00 

Poplar o*75         Dried  ferns 6*26 

Beech 1*45  Stems  of  maize  (Indian  com) . .     . .  17*50 

Oak      1*53         Bean-straw 20*00 

Box-wood 2*26         Sunflower-stems        20*00 

Willow 2*85         Nettles 25*03 

Elm      3*90         Vetch-straw        27*50 

Wheat-straw      3*90         Thistles       35'37 

Bark  from  oak-knots        4*20  Dried     wheat-plant     previous     to 

Cotion'gnBB{Eriophorumvaginahtm)  5*00            blooming 47'oo 

Bushes 5*08         Wormwood 73'oo 

Vine-wood 5*50         Fumitory 79*oo 

Barley-straw      5*80 

According  to  M.  Hoss,  1000  parts  of  the  following  kinds  of  wood  yield — 

Ash.  Potash. 

Pine        3*40  0*45  Willow 

Beech      5*80  1*27  Vine  . .     . . 

Ash 12*20  o'74  Dried  ferns 

Oak 13*50  1*50  Wormwood 

Elm 25*50  3*go  Fumitory 

The  preparation  of  potash  from  vegetable  matter  is  effected  in  three  operations,  viz. : — 
a.  The  lixiviation  of  the  ash. 
(.  The  boiling  down  of  the  crude  liquor. 
c.  The  calcination  of  the  crude  potash. 

The  combustion  of  the  vegetable  matter  should  be  so  conducted  as  to  prevent  its 
becoming  too  violent  and  giving  rise  to  the  combustion  of  some  of  the  reduced  potassa- 
salt ;  nor  should  too  strong  a  current  of  air  be  admitted  for  fear  of  the  ash  being  mechani- 
cally carried  off.  A  distinction  is  made  abroad — ^no  potash  from  wood  or  other  vegetable 
matter  being  produced  in  the  United  Kingdom,  nor  wood  used  as  fuel  in  sufficient  quanti- 
ties to  yield  ash  for  the  preparation  of  potash — between  the  ash  obtained  by  the  com- 
bustion of  the  refuse  wood  of  forests  and  the  ash  from  wood  used  as  fuel,  the  former 
being  termed /ore<f-  and  the  latter /ue^ash.  As  ash  from  other  fuel  than  wood  may  be 
mixed  with  fuel-ash,  a  sample  may  be  roughly  tested  by  lixiviation,  and  the  density  of  the 
liquor  taken  by  the  areometer,  the  higher  the  specific  gravity  the  larger  the  quantity  of 
soluble  salts.  Formerly  the  forest-ash  was  purposely  prepared,  and  sold  to  potash- 
boilen.  There  is  still  kaown  in  Eastern  Prussia  and  Sweden  a  material  termed  okrcu  or 
ockrat,  holding  a  position  intermediate  to  crude  ash  and  potash. 

a.  The  lixiviation  of  the  ash  effects  Uie  separation  of  the  soluble  from  the  insoluble  saline 
matter,  the  former  amounting  to  about  25  to  30  per  cent  of  the  entire  weight  of  the  ash^ 
The  operation  is  carried  on  in  wooden  vessels  shaped  like  an  inverted  truncated  cone,  and 
provided  with  a  perforated  false  bottom,  which  is  covered  with  straw  ;  in  the  real  bottom 
a  tap  is  fixed  for  removing  the  liquor.     If  the  lixiviation  is  systematically  carried  on, 


Ash. 

Potash. 

28*0 

2*85 

34-0 

5*50 

36-4 

4*25 

97*4 

73-00 

219*0 

79*90 
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aeveial  ol  tbeu  Teesels  ue  placed  together,  fomimg  nhst  b  tamed  ft  battel?,  snd  under 
eaoh  K  tank  to  leoeive  the  liqaor.  The  ash  to  be  liiiviated  is  first  sifted  fiom  ths  ooarse 
partioles  of  oharooal,  neit  pat  into  a  small  square  water-tight  wooden  box,  imit  thoroughly 
utntated  with  water  for  at  least  twentj-four  hours.  B;  this  proceeding  the  liiiriation  ii 
greatly  assixted,  and  the  Bilioate  of  potasM  to  Bome  extent  deoomposed  b;  the  sation  of 
the  oarbonia  aold  of  tbe  atmogpbere.  The  next  etep  is  to  transfer  the  wet  aah  to  the 
hxiviation  vessel,  oare  being  taken  to  press  it  tightlj  down  on  to  the  false  bottom ;  oold 
water  la  then  poured  in,  nntil  the  liquor  begins  to  run  off  at  the  taps  left  open  for  that 
purpose.  The  liquor  which  mns  off,  after  the  water  has  remained  some  little  time  in 
wntMt  with  the  ash,  is  fonnd  to  oontain  abont  30  per  oent  of  solablo  salts,  afterwards 
decreasing  to  about  to  per  oent,  when  hot  water  is  employed  to  complete  the  lixiviation. 
lie  insolable  residue  left  in  the  lixiriation-ttib  is  of  value  as  a  manore,  on  aooonnt  of  the 
phosphate  of  lime  it  eontaina,  and  ia  alao  nsed  io  makinB  green  bottle-glass,  and  for 
building  op  saltpetre-beds. 

b.  Boiling  down  (be  liquor.  The  liqaor  obtained  b;  lixiviation  Is  of  a  brown  colour, 
owing  to  organic  matter,  hnmin  or  nlmine,  which  the  carbonate  of  potassa  has  diasolved 
from  the  small  chips  of  imperfeotly  bmmt  charcoal.  The  eraporation  ia  carried  on  in 
large  tballow  iron  poos,  fresh  liqnor  being  from  time  to  time  added,  and  the  operation 
oontinned  until  a  lample  ol  the  hot  ooneentrated  liqaor  exhibits  on  cooling  a  orystaUine 
Bolid  mass.  When  this  point  is  reached  the  fire  is  grodoall;  extingnisbed,  and  as  soon  as 
the  contents  of  the  pan  are  safBoiently  oold  to  handle,  the  sohd  salt  mass  is  broken  np  ; 
its  colonr  is  a  deep  brown.  This  crude  product,  oontaining  abont  6  per  cent  nater,  is 
known  in  the  trade  as  crude,  or  lamp-potash.  It  is  evident  that  this  method  of  boiling 
down  ma;  oaase  considerable  damage  to  the  iron  pane,  therefoie  in  many  instances  the 
operation  is  condaeted  in  a  somewhat  diffeient  manner.  The  liquid  is  kept  stirred  with 
iron  rakes,  and  the  salt,  instead  of  fomiiiig  a  hard  solid  mass,  is  obtained  as  a  gronolar 
powdsi,  oontaining  upwards  of  13  per  cent  water.  Some  monnfacturera  first  eeparate  the 
enlphate  of  potash,  which,  being  less  eoluble,  crystallises  before  the  carbonate,  a  deli- 
quescent salt,  is  separated  from  the  liqnor  ;  in  moat  coses,  however,  this  operation  is  only 
oairied  on  where  the  sulphate  of  potadi  is  required  for  alum-making.  The  peart-ash  or 
potash  of  oomntoroe  almost  invariably  contains  a  large  quantity  of  sulphate  of  potash. 

e.  In  order  to  eipol  all  the  water  and  to  destroy  the  organic  matter,  the  saline  mass  is 
caloinedi  and  ae  this  operation  was  formerly  performed  in  oaat-iron  pots,  the  salt  has 
obtained  the  name  ol  potash.  A  calcining  furnace,  Fig.  61,  is  now  used,  distinguished 
from  ordinary  rererbezatory  famaoes  bj  being  provided  with  a  doable  fire-place.    These 

Fw.  61. 


heartba,  one  of  which  is  exhibited  in  nection  at  a.  Pig.  62,  are  placed  at  right  angles  to 
each  other,  and  tbe  flame  and  amoke  meeting  in  the  centre  of  the  furnace,  pass  o(T  at  0, 
tbe  work-hole,  into  the  obimney.  i.  Wood  is  used  as  lael,  and  as  tbe  heating  of  the 
fumaoes  requires  a  yery  large  quantity,  they  ore  only  in  ase  when  a  sufBdent  aupply  of 
crude  potadi  is  ready  for  being  operated  upon.  The  fnmaoe  is  thoroughiy  heated  in 
about  five  to  six  hours,  core  being  taken  to  fire  gradnally,  and  to  bring  the  interior  of  the 
Jnmace  to  nearlyred  Ileal,  so  that  the  vapour  due  to  the  combuxtion  of  the  wood  may  not 
condenee  inside  tbe  furnace,  but  be  carried  off  by  the  flue.  The  omde  potash,  broken  up 
to  egg-eized  lumps,  is  next  placed  in  such  quantities  at  a  time  an  may  suit  the  aize  of  the 
calcining  hearth  ;  for  instanise.  if  the  hearth  is  roomed  to  contain  3  owts..  that  quantity  is 
divided  into  throe  portions  and  put  in  at  intervals  of  a  (ow  minutes.  The  first  effect  of 
tbe  heat  is  to  expel  tbe  water  from  the  potash,  the  escape  of  the  ateam  being  promoted  by 
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gtirring  the  nutss  with  iron  rakes.  In  about  an  hoar  all  the  water  Ir  driven  off,  and  the 
masB  takes  fire  in  conseqnonoe  of  the  })nming  of  the  organic  matter,  the  Bait  at  first  being 
blackened,  bnt  gradually  becoming  white  aH  tbo  carbon  burns  off.  As  soon  as  this  stage 
is  reached,  the  potash  is  removed  to  the  cooliug-hcarth,  and  wh(»n  cold,  packed  in  well- 
made  wooden-casks,  which,  as  this  salt  is  very  h^'groseopic,  arc  rendered  as  air-tight  as 
poHsible.  The  heat  of  the  furnace  has  to  be  well  regulated  to  prevent  the  potash 
becoming  semi-fused,  in  which  case  it  would  attack  the  BiUcttons  matter  of  the  fire- 
bricks ;  the  workmen  from  time  to  take  a  small  Kample  to  test  how  far  the  calcination  is 
complete. 

Wo,  in  Europe,  obtain  a  considerable  quantity  of  potash  from  the  United  States  and 
Canada,  known  as  American  potash,  of  which  there  are  three  differe^it  kinds,  viz. : — 
I.  Potash  prepared  as  deBcribed.  2.  Pearl-ash,  or  potash,  purified  by  lixiviation,  decan- 
tation  from  seiliment,  boiling  down,  and  the  calculation  of  tlie  salt  thus  obtained. 
3.  Stone-anh,  a  mixture  of  uncalciued  potash  (potjisriic  carbonate),  and  caustic  potash 
obtained  by  treating  the  crude  potash  liquor  with  caustic  lime,  and  boiling  down  the  mass 
to  dryness ;  this  article  had  the  appeanmee  of  the  crude  caustic  soda  of  this  country,  but 
is  usually  coloured  red  by  oxide  of  iron;  the  lumps,  stone-hard,  are  from  6  to  10 
eentims.  in  thickne^^s,  and  contain  upwards  of  50  per  cent  caustic  potash.  The  under- 
mentioned analyses  exhibit  thovnryiu;:?  composition  of  the  potash  of  commerce: — Sample 
I  is  from  Kasan  (Bus-^ia) ;  analyst,  M.  Hermann.  2.  Tuscany.  3  and  4 — the  latter  of 
a  reddi&h  colour — from  Nortli  Amori<;a.  5.  Russia.  6.  Vosges  (France) ;  analyst  of 
2, 3, 4, 5,  and  6,  M.  Pesier.  7.  Uelmstedt,  in  Brimswiuk ;  analyst,  M.  Limprioht.  8.  Bussia ; 
analyst,  M.  Bastclacr. 

Carbonate  of  potash 
Carbonate  of  so  la  . . 
SnlphaLo  of  pota.-h 
Chloride  of  potassium 

Water        

Insoluble  residue    . . 

The  calcine<l  potash  varies  in  colour,  being  citlier  while,  pearl-grey,  or  tinged  with 
yellow,  red,  or  blue.  The  red  colour  is  due  to  oxide  of  iron,  tiio  blue  to  the  manganates 
of  potash,  a  hard,  light  porous,  non-crystalline  mass,  never  entirely  soluble  in  water. 
Pormerly,  a  large  quantity  of  i)otasli  was  obtained  from  the  residues  of  wine-making,  and 
called  viuassc,  the  scmi-Hquid  left  after  the  alcohol  has  been  diistilled  from  the  wine,  and 
containing,  among  other  substances,  argol,  or  crude  bitartrate  of  potash ;  it  was  boiled 
down,  and  next  calcined,  yielding  a  kilo,  of  very  good  potash  for  every  hectolitre  of  rinasse. 
The  large  quantity  of  potash  thus  fonnerly  produced  may  bo  judged  from  the  fact  that  • 
19  of  the  wine-produchig  departments  of  France,  those  only  where  large  quantities  of 
wine  are  converted  into  alcohol,  technically  termetl  trois  six  and  cinq  huitt  yield  annually 
about  9  to  10  million  hectoUtres  of  vinasse,  at  the  present  time  employed  for  the  prepara- 
tion on  the  large  scale  of  cream  of  tartar,  glycerine,  and  tartaric  acid. 

pouAh  from  M oiMw«.  V.  Of  late  ycars,  the  manufacture  of  potash  Raits  from  the 
vinaase  left  after  tlie  distillation  of  fermented  beet-root  molasses  has  been  added  as  a 
new  branch  of  industiy  by  M.  Dubrunfaut,  and  introduced  into  Germany  by  M. 
Vamhagen,  in  the  year  1840,  at  Mucrena,  Prussian  Saxony. 

Beet-root,  on  being  subjected  to  ignition,  yields  an  ash  containing  a  large  percentage  of 
potash,  a  fact  first  observed  in  the  early  part  of  this  century  by  M.  idathieu  de  Dombasle, 
a  celebrated  French  agriculturist,  wlio  discovered  that  100  kilos,  of  dried  beet-root  leaves 
yield  lo'^  kilos,  of  ash,  containing  5*1  kilos,  of  potash;  but  this  author's  idea  that  the 
leaves  might  be  cut  off  and  gathered  for  the  purpose  of  potash  manufacture,  proved 
erroneous,  in  so  far  that  the  growth  of  the  roots  was  greatly  impeded.  After  the  publica- 
tion of  M.  Dnbrnnfaut's  researches  on  this  subject,  in  1838,  the  vinasse  of  the  beet-root 
molasses  distillation  was  evaporated  to  dryness,  next  calcined,  and  the  calcined  mass 
refined  for  the  production  of  potash  and  other  salts  of  that  base,  an  industry  which  has 
obtained  a  great  development,  as  may  be  judged  from  the  fact  that  the  quantity  of  these 
materials  produced  on  the  European  continent  in  1865  amounted  to  240,000  owts. 

The  reader  who  desires  details  on  this  subject,  is  referred  to  the  work,  '*  On  the  Manu- 
fMtoxe  of  Beet-Boot  Sugar  in  England  and  Ireland,"  by  Wm.  Orookes,  F.B.S.,  ^.,p.  250 
cliff. 
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The  molasses  from  beet-root  sugar  consists,  previous  to  the  fermentation  and  dis- 
tillation, of  the  undermentioned  substances,  as  recorded  by  the  several  analysts  whose 

names  are  subjoined  : — 

Brunner.    Fricke.    Lunge.    Heidenpriem. 

,- * s 

Water    15*2  180        18-5        190    197 

Sugar    490  480        507        469    498 

Salts  and  organic  substances        358  340        308        341     305 

The  following  analyses  by  M.  Heidenpriem  exhibit  the  average  composition  of  the 

ashes  of  molasses : — 

I.  2.  3 

Potassa 5172  4767  5038 


Soda 
Lime 
Magnesia 
Carbonic  acid 


800  1 1 '43  829 

504  360  312 

018  010  018 

2890  2794  2870 

The  remainder  of  the  100  parts  consists  of  phosphoric  and  silicic  acids,  chlorine, 
oxide  of  iron,  Ac.  The  quantity  of  ash  amounts  to  10  or  12  per  cent.  According  to 
Dubrunfaut  the  alkalimetrical  degree  of  the  ash  of  beet-root  sugar  molasses  is  a 
constant,  as  the  ash  obtained  from  100  grms.  of  molasses  neutralises  on  an  average 
7  grms.  of  sulphuric  acid  (HaS04). 

The  molasses  is  generally  treated  in  the  following  manner : — It  is  first  diluted  with 
either  water  or  vinasse  to  8**  or  11°  B.  =  1*056  or  1078  sp.  gr.,  and  mixed  with  05  to 
1*5  per  cent  of  a  pure  mineral  acid,  the  object  of  this  addition  being  not  simply  the 
neutralisation  of  the  alkali,  but  also  the  conversion  of  dextrine  and  such  unfermentable 
sugar  into  fermentable  sugar.  Formerly,  sulphuric  acid  was  used,  but  upon  the 
recommendation  of  M.  Wurtz,  hydrochloric  acid  is  now  generally  employed,  the 
advantage  being  the  formation  of  readily  soluble  chlorides,  instead  of  comparative 
insoluble  alkaline  sulphurets,  the  action  of  the  organic  matter  present  in  the  molasses. 

The  diluted  molasses  is  next  mixed  with  yeast,  left  to  ferment,  and  the  alcohol 
distilled  off;  the  residue  is  a  liquid  of  about  4^  B.  density  [=  1027  sp.  gr.]  containing 
undecomposed  yeast,  ammoniacal  salts,  various  organic  substances,  and  all  the  inorganic 
salts  of  the* beet-root  juice.  The  potassa  is  present  in  this  liquid  as  nitrate  chiefly, 
although  by  the  addition  of  hydrochloric  acid  a  portion  of  this  salt  is  decomposed, 
red  nitrous  fumes  sometimes  being  seen  in  the  fermentation  room.  Evrard  suggests 
that  the  saltpetre  should  be  separated  from  the  beet-root  molasses  by  evaporation, 
and  further  purified  by  the  aid  of  the  centrifugal  machine.  The  acidity  of  the 
vinasse  is  neutralised  by  chalk,  and  afterwards  it  is  evaporated  to  dryness  in  an  iron 
vessel,  the  total  length  of  which  is  203  metres,  by  an  average  width  of  i*6  metre, 
extended  at  the  top  to  2  metres,  the  depth  being  034  metre.  The  vessel  is  made  of  stout 
boiler  plate,  strengthened  by  stays  and  angle  irons,  and  is  divided  into  two  divisions, 
the  larger  of  which  has  a  length  of  14*3  metres,  and  is  the  real  evaporating  pan, 
while  the  other  is  used  as  a  calcining  furnace,  and  covered  with  an  arch  of  fire- 
bricks o'6  metre  high.  The  fire-place  is  13  metre  wide,  and  the  fire-box  has  a 
surface  of  33  square  metres.  The  evaporation  is  effected  by  surface  heating,  that 
is  to  say,  the  flame  and  hot  gases  from  the  burning  fuel  after  passing  across  the  fire- 
bridge are  conducted  over  the  surface  of  the  vinasse,  the  calcining  pan  being  nearest 
to  the  fire,  while  the  evaporating  pan  is  at  its  other  extremity  in  contact  with  the 
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flue  or  chimnej.  The  vinasse.  having  been  run  off  from  the  still,  is  kept  is  cisterns, 
from  which  it  is  forced  by  means  of  a  pump  into  a  reservoir  so  placed  as  to  admit  of 
the  liquid  nmuing  in  a  constant  stream  into  the  evaporating  pan.  At  a  first  operation 
both  the  evaporating  and  the  calcining  pan  arc  filled  with  vinasse,  bat  afterwards 
the  latter  is  filled  regularly  nith  concentrated  thick  liquor,  which  is  simplj  carbonised, 
the  organic  matter  being  only  destroyed. 

The  daily  average  of  carbonised  linasse  is  about  s  to  5t  cwts.    The  composition 
of  that  anbstance  may  be  gleaned  from  the  following  approximative  analysis : — 
Insoluble  matter  =  23       per  cent. 

Sulphate  of  potassa  =  11*07       „ 

Chloride  of  potassium  =  iiBi       ., 

Carbonate  of  pota.'ssa  =3140       „ 

Carbonale  of  soda  =  23^6 

Silicic  acid  aud  hyposulphite  of  potassa   =  traces       „ 

9934  p. 
Ir  Qermanj  the  calcined  vinatse  i'4  generally  sold  to  saltpetre  manufacturers,  but 
in  Belgium  and  France  this  mat  a]  a  calc  ned  Uiiviafed  and  the  sails  it  contains 
separately  obtained  t  o  tl  s  purpose  tl  e  viuaase  s  first  evaporated  to  36°  or  40° 
B.  (133  to  I  35sp  gr  )  an!  next  arbon  sed  and  calcmed  in  a  f  imace  constructed 
as  exhibited  m  F  g  63  s  a  reserve  r  containing  the  concent  ated  vinasse,  which 

by  means  of  a  t  bn  t  graduallv  run  into  the  fnma  e  of  wl  ch  o  s  the  fire-place,  m 
the  calcination  space  d  stmo  I  to  contain  the  con  entrated  or  carbonised  vinasse. 


which  is  evaporated  to  dryness  and  calcined  in  m'  ;  a  door  is  fitted  to  each  com- 
partment, and  at  p,  the  end  of  Ihe  furnace  opposite  to  llie  fire-place.  The  air  required 
fiw  the  calcination  is  admitted  partly  through  the  ash-pit,  partly  through  the 
openings,  b,  in  the  brickwork.  The  thickisb  liquid  vinasse  admitted  into  m'  is 
constantly  stirred,  and,  as  soon  as  it  is  quite  dry.  it  is  shovelled  across  the  brickwork 
ridge,  a',  into  the  calcining  space,  m,  care  being  taken  to  again  fill  «'  with  concen- 
trated vinasse.  The  organic  matter  of  the  saline  mass  soon  takes  fire,  emitting 
Dosions  fames.  The  calcination  is  greatly  aided  by  the  access  of  air  at  b,  and  also 
to  some  extent  by  the  nitrate  of  potassa  present.  The  temperatnre  has  to  be  regulated 
to  prevent  the  salts  becoming  liised  and  forming  a  hard  compact  mass,  in  which  case 
the  sulphate  of  potassa  would  be  reduced  to  sulphuret  of  potassiam,  a  salt  which 
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could  not  be  removed.  The  calcined  vinasse,  technically  tenned  salin,  contains, 
when  removed  from  the  furnace,  lo  to  25  per  cent  of  insoluble  substances,  viz., 
carbonate  and  phosphate  of  lime,  more  or  less  charcoal,  and  in  addition,  3  to  4  per 
cent  moisture ;  the  remainder  consists  of  carbonates  of  potash  and  soda,  sulphate  of 
potassa,  chloride  of  potassium,  and  sometimes  cyanide  of  potassium  in  considerable 
quantity.  Tlie  relative  quantities  of  potassa  and  soda  are,  of  course,  not  at  all 
constant,  but  vary  according  to  the  soil  on  wliich  the  beets  have  grown  ;  it  has  been 
observed  in  France  that  the  molasses  obtained  from  beets  gro\\'n  in  the  D6partement 
du  Nord  are  less  rich  in  potassa  than  those  grown  in  the  D6partements  de  TOise  et  de 
la  Somme.    The  average  composition  of  the  salin  is : — 

7  to  12  per  cent  of  sulphate  of  potassa. 

18  to  20        „        of  carbonate  of  soda. 

17  to  22        „        of  cliloride  of  potassium. 

30  to  35         „         of  carbonate  of  potassa. 
The  complete  composition  of  the  saUn  may  be  gathered  from  tlie  following 
tabulated  results : — 


a. 

h. 

c. 

d. 

Water  and  insoluble  matter 26* 22 

1982 

17-47 

13*36 

Sulphate  of  potassa       i2'95 

988 

255 

3*22 

Cliloride  of  potassium    15*87 

2059 

1845 

1662 

Chloride  of  rubidium    0*13 

015 

018 

021 

Carbonate  of  soda 2552 

1966 

1922 

i6'54 

Carbonate  of  potassa    2340 

2990 

4213 

50*05 

lOO'OO    lOOOO    lOOOO    lOOOO 

The  method  of  separating  the  soluble  salts  from  each  other,  invented  by  M.  Kuhl- 
mann,  is  generally  executed  as  follows : — The  saline  mass  is  first  broken  up  and 
granulated  by  the  aid  of  grooved  iron  rollers,  after  wliich  it  is  placed  in  lixi^iation- 
tanks,  each  containing  264  cwts.,  and  arranged  precisely  in  the  same  manner  as 
those  in  use  in  soda  works.  The  liquor  tapped  from  the  tanks  has  a  sp.  gr.  of  1229 
(=  27°  B.) ;  the  insoluble  residue  is  used  as  manure.  The  liquor  having  been  col- 
lected in  a  large  reservoir,  capable  of  containing  some  210  hectolitres,  is  concentrated 
by  waste  heat  (ahgdngiger  wdrme)  to  a  density  of  1*26  (=  30**  B.) ;  on  cooling,  the 
greater  part  of  the  sulphate  of  potassa  crystallises,  and  is  removed,  care  being  taken 
to  wash  off  the  adhering  mothev-liquor.  The  sulphate  thus  obtained  contains  80  per 
cent  pure  potassic  sulphate,  the  rest  being  carbonate  of  potassa  and  organic  matter : 
this  material  is  converted  into  potash  by  Leblanc's  process.  The  liquor  at  30^  B.  is 
next  poured  into  evaporating-pans,  each  capable  of  containing  90  hectolitres,  and 
concentrated  by  means  of  heat  and  a  steam  pressure  of  3  atmospheres  (=  45  lbs.  to 
the  square  inch)  to  a  density  of  42*  B.  (=  1408).  By  this  operation  a  mixture  of 
carbonate  of  soda  and  sulphate  of  potassa  is  separated,  wliich  frequently  exhibits 
30  alkalimetrical  degrees;  the  liquor  is  transferred  from  the  evaporating-pans  to 
crystallising  vessels,  in  which  it  is  cooled  down  to  not  less  than  30°.  If,  by  careless- 
ness, the  temperature  should  fall  below  30°,  the  chloride  of  potassium  crystals  become 
mixed  with  a  layer  of  carbonate  of  soda.  The  liquor  at  a  temperature  of  30*",  and 
having  a  density  of  42^  B.,  is  agtdn  transferred  to  evaporating-pans,  each  capable  of 
containing  20  hectolitres,  and  evaporated 

In  winter  to  a  sp.  gr.  of  1*494  (=  4®°  ^•)»  ^^^ 

In  summer  to  a  sp.  gr.  of  x'51  (=  49"  B.) 
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By  this  operation  sodic  carbonate  separates,  the  first  and  purer  portions  of  which 
are  of  82  alkalimetrical  degrees,  and  the  last  of  50°  only.  After  the  separation  of 
the  salt,  the  remaining  liquor  is  poured  into  small  crystallising  vessels,  each  capable 
of  holding  2k  hectolitres,  and,  having  been  left  standing  for  some  time,  yields  in  each 
vessel  about  130  kilos,  of  a  crystalline  salt,  mainly  composed  according  to  the 
formula  (K^CO^+^tLzCO^+iiHaO).  The  remaining  mother-liquor,  when  evapo- 
rated to  dryness  and  calcined,  yields  a  semi-refined  potash,  tinged  with  red  by  oxide 
of  iron.  This  product  is  again  lixiviated  with  water,  and  the  liquor  having  been 
concentrated  to  151  to  1*525  sp.  gr.  (=  49"*  to  50"^  B.),  deposits  a  large  quantity  of 
sulphate  of  potassa  and  carbonate  of  soda.  The  mother-liquor  having  been  again 
evaporated  and  calcined,  yields  a  potash  consisting  in  100  parts  of — 

Carbonate  of  potassa 91*5 

Carbonate  of  soda      55 

Chloride  of  potassium  and  sulphate  of  potassa      30 

1000 
The  carbonate  of  soda  possessing  a  strength  of  80  to  85  alkalimetrical  degrees  is 
refined  by  being  washed  with  a  very  concentrated  aqueous  solution  of  sodic  carbonate, 
and  thus  brought  to  a  strength  of  fuUy  90  alkalimetrical  degrees. 

The  sulphate  of  potassa,  chloride  of  potassium,  and  the  double  salt  of  the  two 
carbonates,  are  purified  and  re-crystallised.  The  following  analyses  exhibit  the  com- 
position of  refined  potash  obtained  from  beet-root  sugar  molasses : — 

a. 
Carbonate  of  potassa     8873 


Carbonate  of  soda  ... 
Sulphate  of  potassa 
Chloride  of  potassium 
Iodide  of  potassium 
w  wiivr       ...      ...      ... 

Insoluble  substances 


b. 

c. 

94*39 

893 

traces 

5-6 

028 

2*2 

240 

15 

oil 

— 

176 

•        •••        ••«  O  A  A 

■        ••>        •••  Ji  ^ / 

0'02 

139 

a  and  b  are  firom  Waghausel  in  Baden ;  0  is  doubly  refined  French  potash.  The 
crude  potash  firom  beet-root  sugar  works,  a  product  not  to  be  confused  with  salin, 
is  composed  as  follows : — 

Carbonate  of  potassa   ... 
Carbonate  of  soda 
Sulphate  of  potassa 
Chloride  of  potassium  ...       19*6 

a  is  French  product ;  b,  firom  Valenciennes ;  c,  from  Paris ;  d,  Belgian ;  e,  firom 
Magdeburg,  Prussia. 

""'ISSofl/'""  ^-  Potassa  salts  are  obtained  in  large  quantities  from  various  sea- 
weeds, as  a  by-f>roduct  of  the  manufacture  of  brominQ  and  iodine.  The  three 
following  methods  are  employed  for  this  purpose  : — 

fl.  The  old  calcination  method,  consisting  in  a  complete  reduction  of  the  weeds  to 
ash,  and  the  methodical  lixiviation  of  that  product,  so  as  to  obtain  various  salte 
by  orystallisation. 

b.  The  carbonisation,  or  Stanford's  method,  consisting  in  the  dry  distillation  of  the 
weeds  to    convert   them  into  a  carbonaceous  mass,  afterwards  lixiviated,  whfle 

K 


a. 

6. 

c. 

d. 

e. 

539 

790 

760 

430 

32-9 

23- 1 

143 

163 

170 

185 

29 

3'9 

119 

47 

140 

196 

2-8 

416 

180 

160 
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{nrodncts  are  smmltaneonsly  obtained,  the  sale  of  which  considerably  lessens  the  cost 
of  the  preparation  of  the  potassa  salts. 

e.  A  third  mode  of  treatment,  that  of  Kemp  and  Wallace,  consisting  in  boiling  the 
weeds  with  water,  evaporating  the  solution,  and  carefnllj  incinerating  the  residue. 

The  oldest  method  is  still  the  most  generally  employed  in  France,  on  the  coasts 
of  Brittany  and  Lower  Normandy,  especially  in  the  neighbourhood  of  Brest  and 
Cherbourg,  and  in  Scotland  and  Ireland. 

The  process  is  mainly  conducted  as  follows : — ^Affcer  drying  in  the  air,  the  plants  are 
incinerated,  the  result  of  which  is  the  formation  of  a  black  semi-fused  mass,  which 
in  France  is  termed  Vareeh  or  Vraie^  and  in  England  and  Scotland  is  known  as  kelp. 
A  distinction  is  made  between  the  kelp  obtained  by  the  incineration  of  the  weeds, 
Fueui  serrattu  and  Ftunu  nodosus^  found  on  rocks  near  the  sea  coast,  and  the  kelp 
obtained  from  the  plant  botanically  known  as  Laminaria  digitata^  thrown  upon  the 
coast  during  the  storms.  The  latter  is  richer  in  potassa  salts,  but  contains  much 
less  iodine ;  it  is  found  plentifully  on  the  western  coast  of  Scotland  and  Ireland, 
while  on  the  eastern  coast  of  the  British  Isles  the  other  weed  is  the  chief  source 
of  kelp,  having  an  average  composition  of : — 

Insoluble  matters 57*000 


Sulphate  of  soda  ... 
Chloride  of  potassium 
Chl(»ide  of  sodium 

Iodine     

Other  salts     


10*203 

13476 
16018 

0600 

2-703 

lOO'OOO 


The  best  kelp  met  with  in  commerce  is  that  from  the  island  of  Bathlin,  the  value 
at  Glasgow  amounting  to  £7  los.  to  Jgio  los.  per  ton  of  22i  cwts. ;  while  GtJway  kelp 
is  valued  at  only  £2  or  £1  per  ton,  owing  to  the  large  quantity  of  salt  it  contains. 
22  tons  of  moist  sea- weed  yield : — 

Medium  kelp i  ton 

Chloride  of  potassium 5  to  6  cwts. 

Sulphate  of  potassa     3  cwts. 

The  Scotch  mode  of  treating  kelp  is  briefly  the  following: — The  material  is 
first  broken  into  small  lumps,  and  put  in  large  iron  cauldrons,  hot  water  being 
added  to  exhaust  all  the  soluble  matter.  This  operation  follows  the  method  of 
the  manufacture  of  soda  from  common  salt,  to  be  presently  considered.  The  water  is 
first  made  to  act  upon  nearly  exhausted  kelp,  and  at  last  with  quite  fresh  kelp, 
until  a  liquid  is  produced  marking  36**  to  40"^  Twaddle  =  i*z8  to  1*20  sp.  gr.  The 
insoluble  residue  contains  chiefly  silica,  sand,  carbonate  of  lime,  carbonate  of 
magnesia,  its  sulphates  and  phosphates,  and  particles  of  charcoal,  and  is  used 
for  bottle-glass  manufacture.  The  liquor  iiom  the  kelp  is  evaporated  in  large  cast-iron 
semi-globular  cauldrons  by  the  direct  action  of  a  coal  fire,  and  contains  ohie% 
chloride  of  potassium,  a  comparatively  small  quantity  of  chloride  of  sodium,  sulphate 
and  carbonate  of  potassa,  carbonate  of  soda,  some  iodide  of  potassium,  sulphuret  of 
potassium,  and  dithionite  of  potassium  and  sodium.  The  mode  of  separating  these 
salts  from  each  other  is  based  upon  their  varying  solubility  in  water,  and  is  therefore 
conducted  by  alternate  evaporation  and  cooling.     As  the  sulphate  of  potassa  is 


CARBONATE  OF  P0TA8SA.  131 

tiie  least  soluble,  it  &lls  to  the  bottom  of  the  cauldron  during  the  first  evaporation, 
and  is  collected  by  the  workmen  by  means  of  perforated  ladles,  and  brought  into  the 
trade  as  plate  sulphate.  After  this  salt  has  been  collected  the  liquid  is  run 
into  ooolers,  in  which  the  greater  bulk  of  the  chloride  of  potassium  crystallises ;  the 
nother-liquor  from  these  crystals  is  again  transferred  to  the  evaporator,  and  by 
the  continued  application  of  heat,  and  consequent  concentration  of  the  liquid,  the 
common  salt  is  separated.  It  shduld  be  borne  in  mind  that  common  salt  is  scarcely 
more  solnble  in  hot  than  in  cold  water,  while  the  solubility  of  most  other  salts 
is  greatly  increased  by  a  higher  temperature;  it  is  therefore  possible  to  push 
the  evaporation  and  concentration  to  the  point  of  incipient  precipitation  of  the 
chloride  of  potassium,  the  common  salt  being  then  ladled  out  of  the  cauldron, 
and  the  liquid  again  run  into  the  coolers  in  order  to  obtain  another  deposit  of 
ehknide  of  potassium,  always  more  or  less  contaminated  with  common  salt.  This 
operation  is  repeated  four  times ;  the  first  crop  of  chloride  of  potassium  contains 
from  86  to  90  per  cent  of  this  salt,  the  remainder  is  chiefly  sulphate  of  potassa ;  the 
second  and  third  crop  yield  a  very  pure  salt,  96  to  98  per  cent  of  chloride  of 
potassiom ;  the  fourth  crop  contains  some  sulphate  of  soda  mixed  with  the  chloride 
of  potassium.  The  liquor  left  after  the  fourth  crystallisation  having  a  sp.  gr.=i'33  to 
r 38  =  66°  to  76"  Twad.,  and  containing  among  other  compounds  sulphate  of  soda, 
snlphnrets  and  hyposulphites  of  the  alkalies,  alkaline  carbonates,  and  iodide  of 
potassium,  is  not  submitted  to  further  evaporation,  but  having  been  poured  into 
diallow  vessels  placed  in  the  open  air  is  mixed  with  dilute  sulphuric  acid,  sulphu- 
retted hydrogen  and  carbonic  acid  gases  being  largely  evolved,  while  in  consequence 
of  the  decomposition  of  the  polysulphurets  and  hyposulphites,  a  thick  foam  of  pure 
sulphur  appears  on  the  surface  of  the  liquid.  This  sulphur  is  ladled  off,  and  after 
having  been  washed  on  filters  and  dried,  is  sold.  Almost  as  soon  as  the  evolution  of 
gas  ceases,  there  is  added  to  the  liquid  more  sulphuric  acid  and  some  manganese, 
and  the  mixture  treated  for  the  preparation  of  iodine  (quod  vide).  In  order  to  guard 
against  loss  of  valuable  substances  by  volatilisation  during  the  crude  and  imperfect 
mode  of  incineration,  it  has  been  tried  to  simply  carbonise  the  weeds  (Stanford's 
method).  The  weeds  are  first  dried  and  strongly  pressed  into  the  shape  of  peat 
blocks ;  these  are  submitted  to  dry  distillation  in  retorts  arranged  similarly  to  those 
in  gas-works.  The  products  of  the  dry  distillation  collected  in  the  usual  manner 
contain  in  100  parts  of  fresh  weed : — 

68*5  to  725  parts  of  Ammoniacal  liquor, 
40      „        Tar, 
70  to  7*5      „        Carbonised  weed,  or  coke-weed, 
20  to  2*5      „        Illuminating  gas. 

The  coke  contains  33  per  cent  carbon,  the  remainder  consisting  of  alkaline  and 
earthy  salts;  the  volatile  products  of  the  distillation  are  treated  for  paraffin, 
photogen,  acetic  acid,  and  ammoniacal  salts,  the  gas  being  used  for  lighting 
pozpoees.  Although  Mr.  Stanford's  mode  of  treatment  is  undoubtedly  rational, 
there  are  difficulties  in  its  practical  execution  which  have  prevented  its  adoption  in 
Scotland  as  well  as  in  France.  The  quantity  of  potash  salts  obtained  from  sea- 
weeds in  the  year  1865  amounted,  according  to  M.  Joulin,  to  a  total  of  2,700,000 
kilos.,  of  which  the  United  Kingdom  produced  1,200,000  kilos.,  the  remainder 
bong  produced  by  France. 

Since  the  production  of  chloride  of  potassium  at  Stassfurt  and  Kalucz  has 

K  2 


132  CHEMICAL  TECHNOLOGY. 

become  so  extensive,  the  production  of  potassa  salts  from  sea-weeds  is  of  little 
consequence. 

potaiwsaitetromsnint  Vll.  The  fs^t  Is  wcU  known  that  sheep  while  browsing 
abstract  a  considerable  amount  of  potassa,  which,  after  having  passed  into  the  blood 
and  tissues,  is  sweated  through  the  skin,  and  deposited  on  the  wool  as  suint. 
Professor  Chevreul's  researches  have  proved  that  suint  constitutes  nearly  the  third 
part  of  the  weight  of  crude  merino  wool,  while  the  soluble  portion  of  the  suint 
consists  of  the  potassa  salts  of  a  fattj  acid,  potassic  sudorate  {suintate  de  potass^. 
According  to  Messrs.  Reich  and  Ulbricht,  the  fatty  adds  of  suint  are  compounds  of 
oleic,  stearic,  and  probably  palmitinic  acids.  The  better  wool  contains  more  suint 
than  the  coarser  kinds ;  on  an  average  the  quantity  of  suint  amounts  to  15  per  cent 
of  the  weight  of  the  fleece. 

Since  the  year  i860,  and  based  upon  the  researches  of  MM.  Maum6ne  and 
Rogelet,  the  manufacture  of  potash  salts  from  the  wash-water  of  the  crude  wool  has 
become,  in  the  centres  of  the  French  woollen  manufiu^ture  (Eheims,  Elbceuf^  Fourmies) 
an  industrial  branch.  The  wash- water  is  valued  according  to  its  degree  of  concen- 
tration ;  1000  kilos,  of  wool  yielding  a  liquid  which,  according  to  M.  Chandelon,  has 
a  sp.  gr.  of  1*03,  is  paid  for  at  the  rate  of  5  francs  48  cents. ;  at  a  sp.  gr.  of  105,  at 
the  rate  of  10  francs  45  cents. ;  sp.  gr.  1-25,  18  francs  47  cents.  The  liquid  is 
evaporated  to  dryness,  the  carbonaceous  residue  put  into  gas  retorts,  and  heated  to 
redness,  the  result  being  the  formation  of  carburetted  hydrogen  gas  and  ammonia, 
which  having  been  eliminated,  the  gas  is  used  for  illuminating  purposes.  The 
coke  left  in  the  retorts  is  lixiviated  with  water  to  obtain  the  soluble  salts,  chloride  of 
potassium,  carbonate  and  sulphate  of  potassa,  which  are  separated  from  each  other 
by  methods  already  described. 

The  residue  left  after  the  lixiviation  with  water  contains  earthy  matter  mixed  with 
charcoal  so  very  finely  divided  that  it  can  be  used  as  black  paint.  According  to 
MM.  Maumen6  and  Bogelet,  a  fleece  weighing  4  kilos,  contains  600  grms.  of  suint, 
capable  of  yielding  198  grms.  of  pure  carbonate  of  potassa ;  according  to  M.  Fuchs, 
however,  the  quantity  of  suint  only  amounts  to  300  grms.,  containing — 

Sulphate  of  potassa     7*5  grms.  =        2*5  per  cent 

Carbonate  of  potassa i33"5      >»  =  44*5    >» 

Chloride  of  potassium 90      „  =        30 

Organic  matter     150*0      „  =  50*0 


>» 

>»     • »» 
»»      »» 


3000      „      =     1000    „       „ 

It  appears  that  the  woollen  industry  of  Rheims,  Elbceuf ,  and  Fourmies  consumes 
annually  27  million  kilos,  of  wool,  the  produce  of  6,750,000  sheep.  According  to 
MM.  Maumen6  and  Rogelet  this  quantity  of  wool  will  yield  1,167,750  kilos,  of 
potash,  representing  a  money  value  of  ^80,000  to  .£90,000.  According  to  M.  P.  Havrez, 
at  Verviers,  Belgium,  suint  is  more  advantageously  worked  up  for  the  manufacture  of 
carbonate  of  potassa  and  yellow  prussiate  of  potassa  than  for  carbonate  of  potassa 
alone.  Suint  has  been  recently  (1869)  chemically  investigated  by  MM.  Marker  and 
Schulze  (see  Joum.  fiir  Prakt.  Chemie,  vol.  103,  pp.  193 — 208).  It  is  clear  that 
the  production  of  potash  from  the  wash- water  of  sheep's  wool  can  only  be  carried  out 
in  the  centres  of  woollen  industry ;  the  sheep-farmers  will  always  do  better  to  return 
the  wash- water  and  potash  compounds  it  contains  to  the  soil  from  which  the  animals 
Iiave  taken  it.    Jn  an  industrial  point  of  view  the  extensive  importation  of  foreign 
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wool,  especially  from  Australia  and  the  Cape,  is  of  great  importance.  In  1868  there 
were  imported  into  the  United  Kingdom  from  those  oonntries  63  million  kilos,  of 
wool,  containing  one-third  of  its  weight  of  saint,  from  which  between  7  and  8  kilos. 
pure  potash  could  have  been  obtained,  representing  a  money  value  of  about  ^8260,000. 

Preparation  of  Purified  Potash. — The  potash  formerly  obtained  by  the  lixiviation 
of  wood-ash  was  mainly  a  mixture  of  carbonate,  sulphate  of  potassa,  and  chloride  of 
potassium,  the  value  of  each  of  these  salts  being  of  course  very  different.  At  the 
present  time,  in  consequence  of  the  production  of  pure  carbonate  of  potassa  from 
Tinasse,  it  has  become  necessary  to  treat  the  crude  liquor  obtained  by  the  lixiviation 
of  wood-ash  methodically,  so  as  to  obtain  the  salts  separately  iu  as  pure  a  state  as 
possible. 

The  carbonate  of  potassa  used  in  chemical  and  pharmaceutical  laboratories  was 
formerly  obtained  by  the  ignition  of  cream  of  tartar  or  a  mixture  of  that  salt  with 
nitre,  as  well  da  by  the  ignition  of  acetate  of  potassa ;  at  the  present  time  it  is  pre- 
pared by  the  careful  ignition  of  nitrate  of  potassa  with  an  excess  of  charcoal,  or  by 
the  ignition  of  bi-carbonate  of  potassa.  In  England  carbonate  of  potassa  is  manu- 
Pictured  on  the  large  scale,  the  pure  salt  being  used  in  the  manufacture  of  flint-glass, 
this  glass  owing  its  great  superiority  and  perfect  want  of  colour  to  the  application  of 
rery  pure  materials  in  its  manufacture.  The  preparation  is  pure  crystallised  car- 
bonate of  potassa,  containing  from  16  to  18  per  cent  water,  equal  to  somewhat  less 
than  2  molecules,  the  second  molecule  being  partiy  expelled  by  the  heat  applied  in  the 
manufacture.  This  salt  is  met  with  in  the  trade  in  small  cubical  crystals;  the  raw 
material  used  in  its  preparation  is  American  pearl-ash,  which,  after  having  been 
mixed  with  sawdust  for  the  purpose  of  converting  the  caustic  alkali  and  sulphuret  of 
potassium  into  carbonate  of  potassa,  is  ignited  and  fused  in  a  reverberatory  furnace, 
constructed  like  those  used  in  the  manufacture  of  soda.  When  cold  the  fused  mass 
is  treated  with  water,  and  the  clear  liquor  having  been  decanted  from  the  sediment, 
is  evaporated  to  dryness  in  a  reverberatory  furnace ;  the  greyish-black  mass  thus 
obtained  is  again  lixiviated  with  water,  and  the  operation  repeated.  The  white 
saline  mass  from  the  third  ignition  is  again  dissolved  in  water,  and  gentiy 
evaporated  until  the  sulphate  of  potassa  crystallises  out;  the  mother-liquor 
left  is  next  evaporated  until  a  sample  yields  on  cooling  a  salt  of  the  composi- 
.tion  mentioned  above.  If  this  salt  is  further  ignited  all  the  water  is  expelled,  and  a 
dry  white  granular  mass  left.  The  specific  gravity  of  carbonate  of  potassa  solutions 
St  15''  is,  according  to  Dr.  Gerlach — 

Percentage.  Sp.  gr. 

30*000  1*3010 

35000  1 3580 

40000  1-4180 

45000  1-4800 

50000  1*5440 

51000  I  "5570 

52000  I  5704 

52024  15707 

Preparation  of  Caustic  Potassa. — Caustic  potassa,  hydroxide  of 
potassium,  KHO,  consists  in  100  parts  of  8397  of  potassa  or  dry  oxide  of  potassium, 
iod  1603  of  water.    Caustic  potassa  is  prepared  on  the  large  scale  in  England. 


Percentage. 

Sp.  gr. 

I 

1*009 

2 

I  018 

4 

1036 

5 

1045 

10 

I  092 

15 

1-141 

20 

1192 

25 

1245 
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The  law  material  for  this  preparation  is  always  a  crude  carhonate  of  potassa 
obtained  from  chloride  of  potassinm,  camallite  from  Stassfdrt,  vinasse,  or  any 
other  source.  The  crude  carbonate  is  lixiviated  with  water,  and  the  liquor  rendered 
caustic  with  quick-lime.  A  more  advantageous  method  of  preparing  caustic 
potassa  is  to  mix  sulphate  of  potassa  with  limestone  and  small  coal,  in  sufficiently 
large  quantities,  and  to  ignite  this  mixture  in  a  furnace.  The  crude  material  is, 
after  cooling,  lixiviated  with  water  at  50'',  yielding  at  once  raw  caustic  potassa 
liquor,  which  does  not  require  any  farther  addition  of  lime.  The  liquor  is  put  into 
a  steam-boiler  and  evaporated  to  a  sp.  gr.  =  1*25 ;  it  is  next  evaporated  to  dryness  in 
open  pans,  the  foreign  salts  which  separate  being  removed.  Caustic  potassa  is 
employed  for  the  conversion  of  soda-saltpetre  into  potassa-saltpetre,  and  with  caustic 
soda  for  the  manufacture  of  oxalic  acid  from  sawdust.  The  fallowing  reactions, 
yielding  caustic  potassa,  deserve  a  brief  notice : — i.  Decomposition  of  sulphate  of 
potassa  by  means  of  caustic  baryta.  2.  Conversion  of  chloride  of  potassium  into 
silico-fluoride  of  potassium,  and  decomposition  of  that  salt  by  means  of  caustic  lime. 
3.  Ignition  of  potassic  nitrate  with  thin  sheet-copper.  The  following  table 
exhibits  the  quantity  of  potassa  contained  in  solutions  of  that  substance  of  varying 
specific  gravity : — 

Sp.  gr.  Degrees  Baum£.  Percentage  of  potassa. 

I '06  9  47 

III  15  95 

115  19  130 

119  24  l6'2 

1*23  28  19-5 

i'28  32  234 

139  41  32'4 

152  50  429 

160  53  467 

1-68  57  512 

Saltpetbb,  NrrRiHE  of  Potassa. 
(KN03=  101*2.    In  100  parts,  46*5  parts  potassa,  and  53*5  parts  nitric  add.) 

BiOipflCre.      This  Salt  is  to  some  extent  a  native  as  well  as  a  chemical  product.  The 

-well-known  flocculent  substance  often  observable  on  walls,  especially  those  of  stables, 

is  composed  in  a  great  measure  of  nitrates;   a  similar  phenomenon  is  seen  in 

subterranean  excavations,  and  even  in  many  localities  the  surface  of  the  soil  is  covered 

with  an  efflorescent  saline  deposit,  consisting  largely  of  nitrate  of  potassa.    These 

deposits  are  most  common  in  Spain,  Hungary,  Egypt,  Hindostan,  on  the  banks 

of  the  Granges,  in  Ceylon,  and  in  some  parts  of  South  America,  as  at  Tacunga  in  the 

State  of  Ecuador ;  while  in  Chili  and  Peru  nitrate  of  soda,  so-called  Chili  saltpetre, 

is  found  in  very  large  quantities  under  a  layer  of  clay,  the  deposit  extending  over  a 

tract  of  land  some  150  miles  in  length. 

oeeomBM  of  vtMn  Although  native  saltpetre  is  met  with  under  a  variety  of  conditions, 
BAiipetre.  ^^j  ^  agree  in  this  particular,  that  the  salt  is  formed  under  the 
influence  of  organic  matter.  As  already  stated,  the  salt  ocvers  the  soil,  forming  an 
efflorescence,  which  increases  in  abundance,  and  which  if  removed  has  its  place  supplied 
in  a  short  time.  In  this  manner  saltpetre,  or  nitre  as  it  is  sometimes  called,  is  obtained 
from  the  slimy  mud  deposited  by  the  inundations  of  tiie  Gkinges,  and  in  Spain  from  the 
lixiviataon  of  Uie  soil,  which  can  be  afterwards  devoted  to  the  raisiug  of  oorn,  or  arranged 
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in  BAltpetre  bdcU  for  the  regular  production  of  the  salt.  The  chief  and  main  oondition 
of  the  formation  of  saltpetre,  which  succeeds  equally  in  open  fields  exposed  to  strong 
Bimtight,  onder  the  shade  of  trees  in  forests,  or  in  caverns,  is  the  presence  of  organie 
matter,  vis.,  Hnmus,  inducing  the  nitre  formation  by  its  slow  combustion ;  the  collateral 
eonditionB  are  dry  air,  little  or  no  rain,  and  the  presence  in  the  soil  of  a  weathered 
erystalline  rock  containing  feldspar,  the  potassa  of  which  favours  the  formation  of  the 
nitrate  of  that  base.  All  the  knovm  loc^ties  where  the  formation  of  nitre  takes  place 
naturally,  including  the  soil  of  Tacunga,  formed  by  the  weathering  of  trachyte  and 
tnfstone,  are  provided  with  feldspar.  The  nitric  acid  is  due  to  the  slow  combustion  of 
nitrogenous  organic  matter  present  in  the  humus,  it  having  been  proved  that  the  nitric 
add  constantly  formed  in  the  air  in  enormously  kurge  quantities  by  the  action  of 
electricity  and  ozone,  as  evidenced  by  the  investigations  of  MM.  Boussingault,  Millon, 
Zabelin,  Schdnbein,  Froehde,  Bottger,  and  Meissner,  has  nothing  whatever  to  do  with 
the  formation  of  nitre  in  the  soil,  a  fact  also  supported  by  Dr.  Goppelsroder's  discovery 
of  the  presence  of  a  small  quantity  of  nitrous  acid  in  native  saltpetres. 

^""^St^^      The  mode  of  obtaining  saltpetre  in  the  countries  where  it  is  naturally 

formed  is  very  simple,  consisting  in  a  process  of  lixiviation  with  water,  to  which 

frequently  some  potash  is  added  for  the  purpose  of  decomposing  the  nitrate  of  lime 

occnrring  among  the  salts  of  the  soil,  the  solution  being  evaporated  to  crystallisation. 

Soils  yielding  saltpetre  are  termed  Gay  earth  or  Gay  saltpetre.    The  process  by 

which  nitrate  of  potassa  is  naturally  formed  is  imitated  in  the  artificial  heaps 

known  as  saltpetre  plantations,  formerly  far  more  general  than  at  the  present 

time,  it  having  being  found  that   the  importation  of  Indian  saltpetre,  and  the 

manufacture  of  nitrate  of  potassa  by  conversion  from  nitrate  of  soda,  are  cheaper 

sources.  Thus,  saltpetre  beds  are  to  be  met  with  only  under  peculiar  conditions,  as, 

for  instance,  in  Sweden,  where  all  landed  proprietors  are  required  to  pay  a  portion 

of  their  taxes  in  saltpetre. 

The  mode  of  making  these  plantations  may  be  briefly  described  as  follows : — Materials 
containing  much  carbonate  of  lime — for  instance,  marl,  old  building  rubbish,  ashes,  road 
scrapings,  stable  refuse,  or  mud  from  canals  —is  mixed  with  nitrogenous  animal  matter, 
all  kinds  of  refuse,  and  frequently  with  such  vegetable  substances  as  naturally  contaia 
nitrate  of  potassa,  such  as  the  leaves  and  stems  of  the  potatoe,  the  leaves  of  the  beet, 
sunflower  plants,  nettles,  &o.  These  materials  are  arranged  in  heaps  of  a  pyramidal 
shape  to  a  height  of  2  to  2i  metres,  care  being  taken  to  make  the  bottom  impervious  to 
water  by  a  well  puddled  layer  of  clay,  the  heap  being  in  all  directions  exposed  to  the 
aotion  of  the  atmosphere,  the  circulation  of  which  is  promoted  through  the  heap'bv 
layers  of  straw.  The  heap  is  protected  from  rain  by  a  roof,  and  at  least  once  a  week 
watered  with  lant  (stale  urine).  The  formation  of  saltpetre  of  course  requires  a  considerable 
length  of  time,  but,  when  taught  by  experience,  the  workmen  suppose  a  heap  ripe,  the 
watering  is  discontinued,  the  salt  containing  saltpetre  soon  after  efflorescing  over  the 
surface  of  the  heap  to  6  to  10  centims.  in  thickness ;  this  layer  is  scraped  off,  and  the 
operation  repeated  from  time  to  time  until  the  heap  becomes  decayed  and  has  to  be 
entirely  removed.  In  Switzerland  saltpetre  is  artificially  made  by  many  of  the  farmers, 
simply  by  causing  the  urine  of  the  cattle,  while  in  stable  in  the  winter  time,  to  be 
absorbed  by  a  calcareous  soil  purposely  placed  under  the  loose  flooring  of  the  stables, 
iHiioh  are  chiefly  built  on  the  slope  of  the  mountains,  so  that  only  the  door  is  level 
with  the  earth  outside,  the  rest  of  the  building  hanging  over  the  slope,  and  being  supported 
by  stout  wooden  poles ;  thus  a  space  is  obtained,  which,  freely  admitting  air,  is  filled 
with  marl  or  other  suitable  material.  After  two  or  three  years  this  material  is  removed, 
lixiviated  with  water,  mixed  with  caustic  lime  and  wood  ash,  and  boiled  down.  The  liquor 
having  been  sufficiently  evaporated,  is  decanted  from  the  sediment  and  left  for  crystalli- 
sation ;  the  quantity  of  saltpetre  varying  from  50  to  200  lbs.  for  each  stable. 

''bSSSJbSu^'*      The  crude  salt  from  the  heaps  is  converted  into  potassic  nitrate 

by  the  following  processes : — a.  The  earth  is  lixiviated  with  water,  this  operation 

being  known  as  the  preparation  of  raw  lye.    b.  The  raw  lye  is  broken,  that  is  to 

say,  it  is  mixed  with  a  solution  of  a  potash  salt  in  order  to  convert  the  nitrates  of 

magnesia  and  lime  present  into  nitrate  of  potassa.    e.  Evaporation  of  this  liquor 

to  obtain  cmde  crystallised  saltpetre,    d.  Refining  the  crude  saltpetre. 
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"TS^S^."  ^^  "P*  earth  is  lixiviated  to  obtain  al!  the  valnable  soluble  matter, 
it  being  expedient  to  use  as  little  water  as  possible  in  order  to  save  fuel  in  the 
snbaeqnent  evaporation,  fbr  which  the  liquor  is  read;  when  it  contains  from  12  to  13 
per  cent  of  solnble  salts. 

'■^^Ij^^'^  The  raw  l^e,  Bometdmes  known  as  soil  water,  cont^ns  the  nitrates 
of  lime,  magnesia,  potassa,  soda,  the  chlorides  of  calciom,  magnesium,  and  potassium; 
also  ammomacal  salts  and  organic  matter  of  vegetable  as  well  as  of  animal  origio. 
In  order  to  convert  the  nitrates,  of  lime  and  magnesia  into  nitrate  of  polaesa,  the 
raw  l;e  is  broken  up  as  it  ia  termed,  that  is  to  saj',  there  is  added  to  it  a  solution 
of  I  part  potassic  carbonate  in  a  parts  water: — 

Nitrate  of  lime.  CalNOj),  ]  fNitrate  of  potasaa,  4KNOJ. 

Nitrate  of  magnesia,  MglNO])i  I-  yield  J  Carbonate  of  lime.  CaCOj. 

Carbonate  of  potassa.  sKiCO,    )  (Carbonate  of  magnesia,  MgCO]. 

The  chlorides  of  calcium  and  magnesium  are  also  decomposed,  being  converted 
into  carbonates,  while  chloride  of  potassium  is  formed.    The  addition  of  the  solution 

of  potassa  to  the  raw  lye  is  continued  as  long  as  a  precipitate  is  formed ;  in  order, 
however,  to  have  some  approximative  idea  of  the  qnantitj  of  carbonate  of  potash 
which  maj  be  required  a  test  experiment  is  made  with  )  litre  of  the  raw  lye. 

Sometimes  sulphate  of  potassa  is  used  instead  of  the  carbonate,  but  in  that  case 

the  magnesia  salts  of  the  raw  lye  have  first  to  be  decomposed  by  milk  of  lime,  an 

operation  which  has  to  be  followed  by  the  evaporation  of  the  fluid.    If,  after  this, 

sulphate  of  potassa  is  added,  sulphate  of  lime  is  precipitated — 

[Ca(NOj),+K,S04=3KNOj+CaS04] . 

When  chloride  of  potassium  is  used  for  the  decomposition  of  raw  lye,  the  salts  of 

magnesia  are  first  removed  by  the  addition  of  milk  of  lime ;  and  the  clear  supernatant 

fluid  having  been  decanted  from  the  sediment,  there  ia  added  a  mixture  of  equal 

molecules  ofchlorideofpotessinmandHolphateofsoda,the  result  being  the  formation 

of  gypsum,  while  the  sodic  nitrate  generated  exchanges  viith  the  chloride  of  potaesimn. 

carding  over  to  the  latter  the  nitric  aeid,  and  taking  np  the  chlorine  to  form  common 

salt. 

"""Sfwl"**      ^*  clarified  raw  lye  decanted  from  the  precipitate  of  the  earthy 

carbonates  consists  of  a  solution  in    which   there   are  present  the  chlorides  of 

potassium  and  sodium,  nitrate  of  potassa, 

RKnn       '""'bonale    of  ammonia,  excess  of  potassio 

nsn       carbonate,  and  colouring  matter.  The  boiling 

^  n^^^^^ra  fll''^M        down  of   this  liquid   is   effected  in  copper 

I''      M^^S^S J"'il""-"'    '    "^'^'^•'9,  Fig.  64,  BO  set  in  the  furnace  as 

r^^l[tZ3t^^^^^-]mm     ^  ^^"^^  of  the  circulation  of  the  hot  air  and 

1I      ^         9.  JflH^lil^riP^T      smoke  fcom   the   fire-place,  passing  by  c  d 

.  A     \i*     r  ^I^^^H^p  below  the  heating  pan,  and  thence  by  g  into 

^^^^^^^H^^^^^r  .     J       the  chimney.     In  some  works  this  waste 

^^CS^^H^^J; .  ,  heat  is  utilised  in  drying  the  saltpetre  flour. 

^  ^^^^^^"T^^^^^^H^^y^        As   the   bulk   of  the   fluid  in  the  cauldron 

I  ffgS^^^BBwQPRHBB       decreases  by  evaporation,  &esh  lye  enters  by 

means  of  a  pipe  and  tap  Irom  the  pan,  o. 

About  the  third  day  the  alkaline  chlorides  begin  to  be  deposited,  and  the  workmen 

have  then  to  take  great  care  topreveut  these  salts  from  becoming  what  is  lechnicaUy 
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termed  bamt,  which  might  give  rise  to  serioas  explosions,  and  for  this  purpose  the 
liquid  is  stirred  with  stout  wooden  poles.  After  each  stirring  the  loose  saline  matter 
is  removed  from  the  boiling  liquid  by  means  of  perforated  copper  ladles.  However, 
as  a  bard  deposit  is  always  formed,  a  peculiar  arrangement  exhibited  in  Fig.  64, 
consisting  of  a  shallow  vessel,  m,  suspended  by  a  chain,  Ar,  and  weighted  with  a  piece 
of  stone,  is  lowered  into  the  middle  of  the  cauldron  to  about  6  centime,  from  the 
bottom,  the  object  being  to  catch  the  solid  particles,  which  would,  when  aggregating, 
form  an  incrustation,  previously  to  their  reaching  the  bottom  of  the  vessel ;  and  as 
no  ebullition  takes  place  at  m,  the  particles  once  deposited  remain  there,  and  can  be 
readily  removed  by  raising  the  dish  out  of  the  cauldron,  and  emptying  it  into  a  box 
placed  over  the  cauldron,  the  bottom  of  the  box  being  perforated  to  admit  of  any 
liquor  which  may  have  been  raised  with  the  solid  salt  to  return  again  to  the 
eauldron.  The  deposit  thus  removed  consists  chiefly  of  gypsum  and  carbonate  of 
lime. 

When  a  portion  of  the  impurities  contained  in  the  boiling  liquid  have  been 
removed,  the  raw  lye  still  frequently  contains  some  chloride  of  sodium,  as  this  salt  is 
not,  as  is  the  case  with  nitre,  more  soluble  in  boiling  than  in  cold  water.  The 
abundant  crystallisation  of  the  saltpetre  is  a  sign  that  the  lye  has  been  sufficiently 
evaporated ;  in  order,  however,  to  prove  this,  a  small  sample  is  taken,  and  if  on 
cooling  the  nitre  crystallises  so  that  the  greater  part  of  the  sample  becomes  a  solid 
mass,  the  liquid  is  run  into  tanks  and  left  for  5  or  6  hours,  during  which  time 
impurities  are  deposited,  and  the  liquid  rendered  quite  clear.  As  soon  as  the 
temperature  of  the  liquid  has  fallen  to  60°,  it  is  poured  into  copper  crystallisation 
vessels ;  after  a  lapse  of  24  hours  the  crystallisation  is  complete,  and  the  mother- 
liquor  being  separated  from  the  salt  is  employed  in  a  subsequent  operation. 

crtdJsJupSS*.  "^^^  crude  saltpetre  is  yellow-coloured,  and  contains  on  an  average 
some  20  per  cent  of  impurities,  consisting  of  deliquescent  chlorides,  earthy  salts,  and 
water.  The  object  to  be  attained  by  the  refining  is  the  removal  of  these  substances. 
At  the  present  day  a  large  portion  of  the  refined  saltpetre  met  with  in  commerce  is 
obtained  by  the  refining  of  the  crude  saltpetre  imported  from  India.  It  may  be  noted 
that  this  importation  is  steadily  increasing,  there  being,  in  i860,  16,460,300  kilos., 
and  in  1868,  33,062,000  kilos,  of  the  salt  brought  to  England ;  and,  indeed,  the 
production  of  saltpetre  from  natural  sources  in  Europe  is  now  limited  to  very  few 
and  unimportant  localities. 

The  method  of  refining  saltpetre  is  based  upon  the  fact  that  nitrate  of  potassa  is 
tax  more  soluble  in  hot  water  than  are  the  chlorides  of  sodium  and  potassium. 
600  litres  of  water  are  poured  into  a  large  cauldron,  and  24  cwts.  of  the  crude  saltpetre 
are  added  at  a  gradually  increasing  temperature;  as  soon  as  the  solution  boils, 
36  cwts.  more  crude  saltpetre  are  added.  Supposing  the  crude  nitre  to  contain 
20  per  cent  of  alkaline  chlorides,  the  whole  of  the  nitre  will  be  dissolved  in  this 
quantity  of  water,  while  a  portion  of  the  chlorides  ^411  remain  undissolved  even  at 
the  boiling-point.  The  non-dissolved  salt  is  removed  by  a  perforated  ladle,  and  the 
scum  rising  to  the  surface  of  the  boiling  liquid  by  the  aid  of  a  flat  strainer.  The 
organic  matter  present  in  the  solution  is  removed  by  the  aid  of  a  solution  of  glue — 
from  20  to  50  grms.  of  glue  dissolved  in  2  litres  of  water  are  taken  for  each  hundred* 
weight  of  saltpetre.  In  order  that  the  saltpetre  may  crystallise,  the  quantity  of 
water  is  increased  to  1000  litres,  and  as  soon  as  this  water  is  added  the  organic 
matter  entangled  in  the  glue  rises  as  a  scum  to  the  surface  and  is  removed.    The 
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operation  having  progressed  so  far,  and  the  liquid  being  rendered  quite  clear,  it  is 
kept  at  a  temperature  of  88^  for  about  twelve  hours,  and  then  carefully  ladled  into 
copper  crystallising  vessels,  constructed  with  the  bottom  a  little  higher  at  one  end 
than  at  the  other.  The  solution  would  yield  on  cooUng  large  crystals  of  saltpetre, 
but  this  is  purposely  prevented  by  keeping  the  liquid  in  motion  by  means  of  stirrers, 
so  as  to  produce  the  so-called  flour  of  saltpetre,  which  is  really  the  salt  in  a  finely- 
divided  state.  This  is  next  transferred  to  wooden  boxes  termed  wash- vessels,  lo  feet 
long  by  4  feet  wide,  provided  with  a  double  bottom,  the  inner  one  being  perforated ; 
between  the  two  bottoms  holos  are  bored  through  the  sides  of  the  vessel  and  when 
not  required  plugged  with  wooden  pegs.  Over  the  flour  of  saltpetre  contained  in 
these  wooden  troughs,  6o  lbs.  of  a  very  concentrated  solution  of  pure  nitrate  of 
potassa  are  poured,  and  allowed  to  remaiu  for  two  to  three  hours,  the  plugs  being 
left  in  the  holes.  The  plugs  are  then  removed,  the  liquor  run  off,  the  holes  again 
plugged,  and  the  operation  twice  repeated,  first  with  a  fresh  6o  lbs.,  and  next  with 
24  lbs.  of  the  solution  of  nitrate  of  potassa,  followed  in  each  case  by  an  equal  quan- 
tity of  cold  water.  The  liquors  which  are  run  off  in  these  operations  are  of  course 
collected,  the  first  being  added  to  the  crude  saltpetre  solution,  while  the  latter,  being 
solutions  of  nearly  pure  nitre,  are  again  employed.  The  saltpetre  is  next  dried  at  a 
gentle  heat  in  a  shallow  vessel,  sifted,  and  packed  in  casks. 
Frapwationofiiitrftta  Dunug  the  last  tweuiy  years  the  preparation  of  nitrate  of 
chui-Mitpatra.  potassa  from  Cluli-saltpetre  has  become  an  important  branch  of 
manufacturing  industry.  The  product  obtained  by  any  of  the  following  processes  is 
called  "  converted-saltpetre,"  to  distinguish  it  from  the  preceding  preparation.  The 
method  of  procedure  may  be  one  of  the  following : — 

I.  The  nitrate  of  soda  is  decomposed  by  means  of  chloride  of  potassium — 

100  Mlos.  of  sodic  nitrate  |  yield  j  ^'^^  kilos,  potassa  nitrate. 

879  Idlos.  of  potassium  chloride/  ^        1  68*8  kilos,  common  salt. 

MM.  Longchamp,  Anthon,  and  Euhlmann  first  suggested  this  mode  of  preparation, 
which  is  now  generally  used  on  the  large  scale,  as  the  decomposition  of  both  salts  is 
very  complete,  and  as  the  common  salt  as  well  as  the  saltpetre  can  be  utilised.  The 
chloride  of  potassium  is  obtained  by  the  decomposition  of  camallite,  or  by  means 
already  mentioned. 

Equivalent  quantities  of  nitrate  of  soda  and  of  chloride  of  potassium  are  dissolved 
in  water  contained  in  a  cauldron  of  some  4000  litres  cubic  capacity.  As  the  nitrate 
of  soda  of  commerce  (Chili-saltpetre)  does  not,  as  regards  purity,  vary  veiy  much 
from  96  per  cent,  some  7  cwts.  are  usually  taken,  while  of  the  chloride  of  potassium, 
which  varies  in  purity  from  60  to  90  per  cent,  a  quantity  is  taken  corresponding,  as 
regards  the  amount  of  pure  chloride,  to  the  quantity  of  nitrate  of  soda.  The  chloride 
of  potassium  is  first  dissolved,  the  hot  solution  being  brought  to  a  sp.  gr.  =  i'2to  i'2i, 
next  the  nitrate  of  soda  is  added,  and  the  liquid  brought,  while  constantly  heated,  to 
a  sp.  gr.  =  1*5.  The  chloride  of  sodium  continuously  deposited  is  removed  by  per- 
forated ladles,  and  placed  on  a  sloping  plank  so  that  the  mother-liquor  may  flow 
back  into  the  cauldron,  care  being  taken  to  wash  this  salt  afterwards,  so  as  to 
remove  all  nitrate  of  potassa,  the  washings  being  poured  back  into  the  cauldron. 
When  the  liquid  in  the  cauldron  has  been  brought  to  1*5  sp.  gr. — an  aqueous  solu- 
tion of  nitrate  of  potassa  at  15^  with  a  sp.  gr.  =1*144,  contains  21*074  percent  of  that 
salt — ^the  fire  is  extinguished,  the  liquid  left  to  clear,  the  common  salt  still  present 
carrying  down  all  impurities,  and  when  clear  it  is  ladled  iuto  crystallising  vessels. 
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wbidi  being  very  shallow,  the  crystallisatioii  is  finished  in  twenty-four  hours.  The 
mother-liquor  having  been  run  oS,  the  crystals  are  thoroughly  drained  and  covered 
with  water,  which  is  left  in  contact  with  the  salt  for  some  seven  to  eight  hours,  and 
then  run  off;  this  operation  is  repeated  during  the  next  day ;  the  mother-liquor  and 
washings  are  poured  back  into  the  cauldron  at  a  subsequent  operation. 

2.  Nitrate  of  soda  is  first  converted  into  chloride  of  sodium  by  means  of  chloride 
of  barium,  nitrate  of  baryta  being  formed,  and  in  its  turn  converted  into  nitrate  of 
potassa  by  the  aid  of  sulphate  of  potassa : — 

a.    85  kilos,  of  nitrate  of  soda       )  yield  {  ^3^'6  kilos,  nitrate  of  baryta. 
[22  kilos,  of  chloride  of  barium  J  ^  sS*;  kilc 


122  kilos,  of  chloride  of  barium  J  1 58*5  kilos,  of  common  salt. 

87*2  kilos,  of  potassic  sulphate, 

or 
69' 2  kilos,  of  potassic  carbonate. 


/S.  130*5  kilos,  of  nitrate  of  baryta 
require  for  conversion  into 
nitrate  of  potassa 


When  sulphate  of  potassa  is  used,  permanent-white,  baryta- white,  or  sulphate  of 
baryta  is  obtained  as  a  by-product,  while  if  carbonate  of  potassa  is  used,  carbonate  of 
baryta  remains,  and  of  course  may  be  readily  re-convertcd  into  chloride  of  barium. 
In  order  to  estimate  the  advantages  of  either  process,  the  following  points  must  be 
kept  in  view : — a.  Taking  into  consideration  that  it  is  profitable  to  convert  native 
carbonate  of  baryta  into  chloride  of  barium — for  instance,  by  exposing  witherite  to 
the  hydrochloric  acid  fumes  produced  in  alkali  works  by  the  decomposition  of  salt— 
and  to  precipitate  an  aqueous  solution  with  dilute  sulphuric  acid  to  obtain  permanent- 
white,  it  may  be  inferred  that  it  will  also  pay  to  obtain  it  as  a  by-product,  b.  Not- 
withstanding the  complication  of  this  process,  it  is  advantageous  as  producing  a  far 
purer  nitrate  of  potassa. 

3.  Nitrate  of  soda  is  converted  by  means  of  potash  into  the  nitrate  of  that  base, 

pure  soda  being  obtained  as  a  by-product : — 

85  kilos.  Chili-saltpetre  )      .^ ,   f  101*2  kilos,  of  potassic  nitrate. 

69' 2  kilos,  carbonate  of  potassa  j   ^        (53  kUos.  of  soda  (calcined). 

This  mode  of  manufacturing  saltpetre  was  first  introduced  into  Germany  during  the 
Crimean  War  (1854-55)  by  M.  Wollner,  of  Cologne,  who  established  large  works  to 
prepare  saltpetre  in  this  way,  and  very  soon  after,  during  the  continuance  of  the  war, 
five  other  manufactories  of  potash-saltpetre  had  been  established  on  this  method. 
In  1862  the  production  amounted  to  7,500,000  lbs.  of  potash-saltpetre,  the  carbonate 
of  potassa  required  being  obtained  from  beet-root  molasses,  the  soda  resulting  as  a 
by-product  being  even  superior  to  that  produced  by  Leblanc's  process. 

4.  Nitrate  of  soda  being  decomposed  by  caustic  potassa  yields  potassic  nitrate  and 
caustic  soda. 

According  to  M.  Lunge's  description,  this  process,  first  suggested  by  MM.  Land- 
mann  and  Gcntele,  afterwards  modified  by  M.  Schnitzer,  and  practically  applied  by 
M.  Nollner,  is  carried  on  in  Lancashire  in  the  following  manner : — There  is  added  to 
a  caustic  potash  lye  of  1*5  sp.  gr.,  containing  about  50  per  cent  of  dry  caustic  potassa, 
an  equivalent  quantity  of  nitrate  of  soda,  and  the  whole,  after  a  short  time,  crystal- 
lised. The  nitrate  of  potassa  having  been  separated  frt)m  the  mother-liquor,  that 
fluid,  the  density  of  which  has  been  greatly  decreased  by  the  reaction,  is  by  evapora- 
tion again  brought  to  its  former  density,  and  yields  on  cooling  another  crop  of 
ciystalB  of  potash-saltpetre.  Usually  there  then  only  remains  a  solution  containing 
canatic  soda  with  saline  impurities ;  sometimes,  however,  a  third  crop  of  crystals  is 
obtained.    The  deposit  during  the  evaporation  is  chiefly  carbonate  of  soda  derived 
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from  the  chloride  of  sodium  contained  in  the  potassium  chloride  from  which  the 
caustic  potassa  is  made,  this  chloride  being  also  converted  into  carbonate.  The 
small  quantities  of  undecomposed  chlorides  of  potassium  and  sodium  and  sulphate  of 
lime  are  retained  in  the  mother-liquor,  which  is  evaporated  to  dryness  and  ignited, 
yielding  a  dry  caustic  soda  of  a  bluish-colour.  The  crystallised  nitrate  of  potassa 
is  now  carefully  refined  to  remove  all  impurities  to  about  o'l  per  cent  of  chloride  of 
Bodium,  converted  into  saltpetre-flour,  and  treated  as  already  described.  Notwith- 
standing that  the  various  operations  have  been  carried  on  in  iron  vessels,  the  salt 
does  not  contain  any  of  this  metal,  nor  is  the  colour  in  any  way  affected.  The  flour 
is  dried  in  a  room  2  metres  wide  by  5  metres  in  length,  built  of  brick- work,  similarly 
to  the  chloride  of  lime  rooms,  and  having  a  pointed  arched  roof  2  metres  in  height. 
The  saltpetre-flour  is  spread  on  a  wooden  floor,  under  which  extends  a  series  of  hot- 
air  pipes,  keeping  the  temperature  at  70°,  and  very  rapidly  effecting  the  drying. 

Tatting  th«  Baitpetra.  If,  whcu  perfectly  puTC,  Saltpetre  is  carefully  fused,  and  allowed 
to  cool,  it  becomes  a  white  mass,  exhibiting  a  coarsely  radiated  fracture ;  even  so 
small  a  quantity  as  ^th  of  chloride  of  sodium  causes  the  fracture  to  appear  somewhat 
granular ;  with  ^th  the  centre  is  not  at  all  radiated,  and  is  less  transparent ;  and 
with  ^th  the  radiation  is  only  slightly  perceptible  at  the  edges  of  the  fracture. 
Nitrate  of  soda  has  the  same  effect.  This  method  of  testing  the  purity  of  nitre,  due 
to  M.  Schwartz,  is  employed  in  Sweden,  where  every  landowner  pays  a  portion  of 
his  taxes  in  saltpetre  of  a  specified  degree  of  purity.  A  great  number  of  methods  of 
testing  saltpetre  have  been  suggested  by  various  authors  for  the  purposes  of  the 
manufacture  of  gunpowder,  not,  however,  in  sufficiently  general  use  to  interest  the 
reader.  Werther's  test  for  chlorine  and  sulphuric  acid  is  by  solutions  of  the  nitrates 
of  baryta  and  silver ;  the  silver  solution  is  such  that  each  division  of  the  burette 
corresponds  to  0004  g^™-  ^^  chlonne,  and  with  the  baryta  solution  to  0002  grm.  of 
sulphuric  acid.  According  to  Reich's  plan,  05  grm.  of  dried  and  pulverised  saltpetre 
is  ignited  to  a  dull  red  heat,  with  from  4  to  6  times  its  weight  of  pulverised  quartz ; 
the  nitric  acid  is  expelled,  the  loss  of  weight  consequently  indicating  the  quantity, 
the  sulphates  and  chlorides  not  being  decomposed  at  a  dull  red  heat.  If  the  loss 
=  dy  we  have  1874  d  nitrate  of  potassa,  or  1*574  ^  nitrate  of  soda. 

QaantitaUT«  Ettimauon      This  method,  duc  to  Dr.  A.  Wagner,  is  based  upon  the  fact 

of  th«  Nitric  Add  in  o        ^  ,r 

Saltpetre.  that  whcu  Saltpetre,  or  any  other  nitrate,  is  ignited,  access  of  air 

being  excluded,  with  an  excess  of  oxide  of  chromium  and  carbonate  of  soda,  the  nitric 
acid  oxidises  the  chromic  oxide  according  to  the  formula  Cra03+N03=2Cr03+NOa. 
764  parts,  by  weight,  of  oxide  of  chromium  are  oxidised  to  chromic  acid  by  54  parts 
of  nitric  acid,  or  of  i  of  chromic  oxide  by  07068  of  nitric  acid.  The  operation  is 
performed  by  taking  from  03  to  04  grm.  of  the  nitrate,  mixing  it  intimately  with 
3  grms.  of  chromic  oxide  and  i  grm.  of  carbonate  of  soda,  introducing  this  mixture 
into  a  hard  German  glass  combustion-tube,  one  end  of  which  is  drawn  out,  and  a 
vulcanised  india-rubber  tube  attached  to  it,  which  is  made  to  dip  for  about  a  quarter 
of  an  inch  into  water,  while  to  the  other  open  end,  by  means  of  a  cork  and  glass  tube 
bent  at  right  angles,  an  apparatus  is  fitted  for  the  evolution  of  carbonic  acid  gas, 
which  is  made  to  pass  through  the  tube  before  igniting  it,  and  kept  passing  through 
all  the  time  until  the  tube  is  quite  cool  again  after  ignition.  The  contents  of  the 
tube  are  placed  in  warm  water,  and  after  filtration  the  chromic  acid  is  estimated  by 
Hose's  method.  This  process  of  estimatuig  nitric  acid  has  been  found  to  yield  very 
accurate  results. 


SALTPETRE,  NITRATE  OF  POTASSA.  141 

UMiof  8ftttp«kn  This  salt  is  employed  for  many  purposes,  the  most  important 
being: — i.  The  manufacture  of  gunpowder.  2.  The  manufiocture  of  sulphuric  and 
nitric  acids.  3.  Glass-making,  to  refine  the  metal  as  it  is  termed.  4.  As  oxidant  and 
flnx  in  many  metallurgical  operations.  By  the  ignition  of  i  part  of  nitre  and  2  of 
argol,  in  some  cases  refined  argol  (cream  of  tartar),  black  flux  is  formed  consisting  of 
an  intimate  mixture  of  carbonate  of  potassa  and  finely  divided  charcoal.  The 
ignition  of  equal  parts  of  saltpetre  and  cream  of  tartar  gives  white  flux,  consisting  of 
a  mixture  of  carbonate  of  potassa  and  undecomposed  saltpetre;  both  these 
mixtures  are  often  used.  Black  flux  may  also  be  made  by  intimately  mixing 
carbonate  of  potassa  with  lamp-black  and  white  flux.  5.  When  mixed  with 
common  salt  and  some  sugar  in  the  salting  and  curing  of  meat.  6.  For  preparing 
fluxing  and  detonating  powders.  Baum^'s  fluxing  powder  is  a  mixture  of  3  parts  of 
nitre,  i  of  pulverised  sulphur,  and  i  of  sawdust  from  resinous  wood ;  if  some 
of  this  mixture  be  placed  with  a  small  copper  or  silver  coin  in  a  nutshell  and 
ignited,  the  coin  is  melted  in  consequence  of  the  formation  of  a  readily  fusible 
metallic  sulphuret,  while  the  nutshell  is  not  injured.  Detonating  powder  is  a  mix- 
ture of  3  parts  saltpetre,  2  carbonate  potassa,  and  i  pulverised  sulphur ;  this  powder 
when  placed  on  a  piece  of  sheet-iron,  and  heated  over  a  lamp,  will  explode  with  a 
loud  report,  yielding  a  large  volume  of  gas : — 


'  Nitrogen,  6N. 
Carbonic  acid,  2CO2. 
Sulphate  of  potassa,  5K2SO4. 


Saltpetre,  6KNO3, 

Potassic  carbonate,  2EaC03, 

Sulphur,  5S. 

7.  For  manure  in  agriculture.  8.  In  many  pharmaceutical  preparations.  9.  For 
the  preparation  of  Heaton  steel. 
sodkHitxau.  This  Salt,  also  known  as  cubical  saltpetre.  Chili-saltpetre,  nitrate 
of  soda,  NaN03,  containing  in  100  parts  3647  soda,  and  6353  parts  nitric  acid, 
is  found  native  in  the  district  of  Atacama  and  Tarapaca,  near  the  port  of  Uquique, 
in  Peru,  in  layers  termed  oaleohe  or  terra  salitrosa,  03  to  10  metre  in  thickness,  and 
extending  over  more  than  150  miles,  nearly  to  Copiapo,  in  the  north  of  Chili.  The 
deposit  chiefly  consists  of  the  pure,  dry,  hard  salt,  and  is  close  to  the  surface  of  the 
soil.  It  is  also  found  in  other  parts  of  Peru  mixed  with  sand,  in  some  places  close 
to  the  surface  of  the  soil,  in  others  at  a  depth  of  26  metres.  Valparaiso  being  the 
great  exportation  dep6t  for  Peru,  Bolivia,  and  ChiU,  both  surface  and  deep  soil  salts 
are  met  with  in  the  trade  of  that  important  port.  The  unrefined  Chili- saltpetre  is 
crystalline,  brown  or  yellow,  and  somewhat  moist ;  but  the  salt  sent  to  the  European 
markets  is  commonly  semi-refined  by  being  dissolved  in  water  and  evaporated  to  dry- 
ness.   The  composition  of  a  sample  in  100  parts  is : — 

Nitrate  of  soda     9403 

Nitrite  of  soda      031 

Chloride  of  sodium       152 

Chloride  of  potassium 054 

Sulphate  of  soda 092 

Iodide  of  soda      0*29 

Chloride  of  magnesium       096 

Boric  acid      traces 

vY a ber  •••  •••  •■•  •••  ••■  •*•  •••  ^  9 
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Beisg  deliquescent  the  salt  is  not  employed  in  the  mannfiicture  of  gunpowder,  bat 
mftj  be  used  for  blasting  powder.  It  is  largely  nsed  for  the  preparation  of 
Bolphnric  and  nitric  acids;  for  pnrifying caustic  soda;  for  making  chlMine in  the 
mannfiKtnre  of  bleaching  powders ;  for  the  preparation  of  areeniate  of  soda ;  in  the 
coring  of  meat ;  glass-making;  in  the  preparation  of  red-lead;  in  large  qnsntities  in 
the  convenioD  of  erode  pig-iron  into  steel,  by  Hargreaves'a  and  by  Heaton's 
procesaea;  for  preparing  nitrate  of  potossa;  and  for  the  preparation  of  ajtificial 
mannres  and  oomposts,  it  being  used  unmixed  as  a  mannre  for  grain  crops. 

It  may  be  seen  from  the  analysis  of  nitrate  of  soda  quoted  above  that:  that 
salt  contains  a  small  quantity  of  iodine,  which  at  TompacB  is  extracted  from 
the  mother-liquor  remiuning  from  the  re -crystallisation.  According  to  M.  L.  Krafit 
the  iodine  amounts  to  059  grm.  in  i  kilo,  of  crude  nitrate ;  40  kilos,  of  iodine  being 
prepared  per  day.  M.  Nollner  thinks  that  the  formation  of  the  nitre  deposits  in 
Chili  and  other  parts  of  Sonlh  America  has  token  place  under  the  influence  of  marine 
plants  containing  iodine.  In  order  to  give  some  idea  of  the  large  and  increasing 
exportation  of  Chili-saltpetre,  we  quote  from  the  published  statistics,  that  in  1830, 
18,700  cwts,,  and  in  1869,  2,965,000  owls.,  were  shipped. 


Nrnuo  Acid. 
ii«ttr)d.oMiiMiKtariii«  This  acid  (NHOjl  is  generally  mannbctored  by  decomposing 
nitrat«  of  soda  by  sulphuric  acid,  and  condensing  the  vapours  set  free.  It  is  obtained 
on  the  large  scale  by  placing  in  a  cast-ironvessel,  a.  Pig,  65,  the  nitrate  to  be  operated 
upon,  to  which  is  added  by  means  of  a  funnel  strong  milphuiic  acid.  The  lid  is 
replaced,  and  the  veBsel  connected  by  means  of  the  day-lined  tube,  b,  with  the  glass 
tube,  c,  dipping  into  the  large  stoneware  flask,  d,  which  serrea  the  pnrpofle  of  K 
Fto.  6j. 


receiver.  This  flask  is  connected  by  means  of  a  tube,  a,  to  a  similar  vesael.  n',  and 
that  to  a  third  vessel,  d".  and  so  on,  in  order  to  completely  condense  the  vapours 
which  might  have  escaped  through  the  first,  second,  and  third  vessels.  The  iron 
vessel,  *,  is  heated  by  means  of  the  fire  placed  in  the  hearth,  f,  the  smoke  and  hot 
gases  being  carried  off  by  o  h.  At  the  outset  of  the  operation  the  damper,  d.  is 
so  regulated  as  to  shut  off  the  lower  channel,  and  cause  the  smoke  and  hot  gases 
to  pass  through  k,  heating  the  vessels  d.  o',  and  u',  this  precantion  being  required  to 
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pNTsnt  their  cracking  by  the  hot  acid  T&panrs  entering  from  a.  Ae  soon, 
faowerer,  as  the  distillatioti  has  fiurtj  commenced,  the  dttmper  is  altered  to  ehut  off  b, 
sod  pass  the  hot  air  and  gases  through  o.  The  nitric  acid  condensed  in  the  first 
reeeiT«r  is  Bofficientlj  atrong  for  immediate  nee,  but  to  facilitate  the  condensation 
Kmte  water  has  been  poured  through  the  openings,  b'  b",  into  the  other  receivers,  the 
*eid  from  which  is  weaker  and  known  in  the  trade  as  aquafortis. 

Very  fr«qiientl;  the  distillation  of  nitrio  acid  is  conducted  in  a  series  of  glass 
retorts  placed  on  a  sand-bath ;  there  are  generally  two  rows  of  retorts,  the  henticg 
•pparatns  beii^  a  galley  oven.  If  the  acid  is  to  be  pore,  the  first  condensations 
■le  collected  in  separate  receivers,  as  the  acid  first  condensed  contains  hydiocUorio 
kdd  due  to  the  chlorides  contained  in  the  nitrates  under  operation. 

The  proportion  of  materials  employed  is  : — 

30  IdloB.  of  Nitrate  of  polassa  to  sg    kUos.  of  stroi^  Sulphnric  acid ;  or, 
17        „       Nitrate  of  soda     to  145      „  „  „  „ 

The  bisolphate  of  soda  which  remains  may  either  bo  used  for  the  preparation  of 
fOming  sulphnric  acid,  or  may  be  mixed  with  common  salt,  and  ignited,  to  produce 
hydrochloric  acid  and  neutral  sulphate  of  soda,  available  in  the  preparation  of  sodic 
carbonate. 

The  nitric  acid  {NHO3I  resulting  611m  the  above  operation  is  a  colourless, 
transpaiBDt  fluid,  having  a  sp.  gr.  of  1*55,  and  boiling  at  60°.  When  diluted  with 
water  tbe  boiling-point  is  higher.  An  acid  containing  100  parts  (NHO^)  and  y> 
ports  of  water  boils  at  129°,  but  if  the  dilution  with  water  is  carried  farther  the 
boiling-point  is  again  lowered  ;  consequently  when  such  on  add  is  heated  above  100° 
Ihe  resnlt  is  that  at  first  water  with  only  a  trace  of  acid  distils  over,  and  if  the  process 
be  eontinned  the  boiling-point  gradually  increases  until  it  reaches  130°.  when  there 
dijrtils  over  what  is  termed  double  aquafortis,  sp.  gr.=  i'3j  to  145,  ordinary  or  single 
aquafortis  having  a  sp.  gr.  —  iig  to  125.  Nitric  acid,  when  in  contact  with  air, 
emits  fames,  owing  to  the  absorption  of  water  from  the  atmosphere. 

■kH^^MHiU  The  stronger  acid  manufactured  as  described  is  usually  of  a  yellow 
colour,  due  to  the  presence  of  hjponitric  acid.  If  a  colourless  acid  is  desired,  Ihe 
crude  acid  must  be  submitted  to  a  bleaching  operation,  consisting  of  Cbe  following : — 
The  coloured  acid  is  poured  into  large  glass  vessels  placed  (Hg.  66)  in  a  water- 
bath,  heated  to  So°  to  90°,  and  left  in  these  vessela  as  long  aa  any  coloured  vapours 


Fio.  66. 


are  given  o!L  The  escaping  hyponitric  acid  is  earned  by  means  of  glass  or  glazed 
Mrthuiware  tubes  either  into  a  sulphuric  acid  chamber  and  there  utilised,  or  into 
the  flne  of  a  chimney,  and  thus  into  the  ur.  Any  hydrochloric  acid  present  in  the 
nitric  add  is  also  carried  off  as  chlorine.    In  order  to  remove  any  snlphoric  add 
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it  is  neoeBsaiy  to  distil  the  nitric  add  over  pnra  nitrAte  of  buyta,  while  the  loBt 
traoea  of  hjdroohloric  acid  ciui  be  removed  bj  diadUation  OTer  pure  nitrate  of  silver . 
OnUnHU^oi  tteMuds  More  recently  improvemeDts  have  been  made  in  the  numn- 
factore  of  nitric  acid,  bearing  especially  upon  the  possibility  of  omitting  the 
bleaching  process,  and  a  better  mode  of  condensing  the  vapours  of  the  acid.  The 
first  point  is  supplied  by  an  arrangement  introduced  in  the  manofact^ry  of  M.  Chevf, 
in  I^tfis.  Every  practical  chemist  knows  that  the  red  vaponrs  appesr  only  at 
the  outset  and  towards  the  end  of  the  distillation  of  the  nitric  acid,  and  it  is  there- 
fore only  required  to  dietil  fractionally  to  obtain  on  the  one  hand  a  rod-coloured  acid, 
the  aeidtun  nitToto-nitritwn  or  aadum  nitricum  Jitmant  /ortitiitM  of  the  pharma- 
centiBte,  and  on  the  other  a  colonrless  acid,  which  can  be  forthwith  delivered  to  the 
consumer.  In  order  to  practically  efiect  the  fractional  distillation,  a  tap  of  porcelain 
or  hard-fired  stoneware,  constrocted  as  exhibited  in  Fig.  67,  ia  fixed  by  means  of  1, 
in  conununication  with  the  iron  distUling  vessel,  while  the  tubes  e  and  b  are 
connected  with  two  difierent  receivers.    The  tap  ia  bored  in  sach  a  manner,  that  at 


Fio.  67. 


pleaanre  either  the  communication  be- 
tween A  and  b',  or  tiie  communication 
between  a  and  a,  can  be  established. 
By  proper  management,  therefore,  it  is 
possible  to  separate  the  red-coloured 
acid  entirely  and  without  any  addi- 
tional  expense,    from    the    colourless 

A  second  improvement,  contrived  by  MM.  Plieson  and  Devers,  Paris,  bears  upon  the 
condensation  apparatus,  which  consists  ia  their  works  of  a  battery  of  ten  pecnliarly 


Ametmcted  bottles,  dx  of  which  are  open  at  the  bottom  and  funnel-shaped,  so  u  to  fit 
in  the  necks  of  large  carboys,  a.  Fig.  68.  From  a  cylinder  not  shown  in  the  engraving, 
being  hidden  by  the  wall,  m,  a  stoneware  tube  is  connected  ivith  the  bent  glass  tube,  e. 
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which  communicates  with  one  of  the  three  tubulatures  of  the  first  carboy,  a, 
which  serves  to  collect  the  acid,  that,  by  the  boiling  over  of  the  mixture  in  the  iron 
vessel,  has  been  rendered  more  or  less  foul.  The  carboy  a  is  provided  with  a  small 
tahej  T,  arranged  to  act  as  a  hydraulic  valve  in  such  a  manner  that,  when  the  fluid  in 
the  carboy  has  risen  to  a  height  of  some  centimetres,  any  additional  fluid  entering  a 
is  carried  off  into  the  well- stoppered  carboy,  a'.  The  second  tubulature  of  the 
carboy  a  is  fitted  with  a  fuuhel  through  which  water  flows  from  the  bottle  f  into  a, 
thereby  aiding  the  condensation.  The  acid  vapours  pass  through  the  curved  glass 
tube  F,  into  the  carboy  b,  from  which,  as  likewise  from  the  carboys  b'  and  b",  the 
condensed  fluid  is  carried  by  the  tube  x  into  the  carboy  a".  Any  vapours  which 
escape  condensation  in  b  are  carried  off  to  c,  and  thence  to  d,  a  portion  of  the  acid 
being  condensed  in  each  of  the  vessels,  and  flowing  back  first  to  b  and  then  to  a". 
Any  vapour  not  condensed  in  c  and  d  is  conducted  by  the  glass  tube  o,  first  to  n', 
next  to  c",  and  finally  to  b,  where  condensation  takes  place.  Any  vapours  not  now 
condensed  are  carried  to  b",  c",  d",  and  finally  to  the  chimney  stalk.  The  Mariotte 
bottles  f'  and  f"  contain  water,  which  flows  into  the  condensing  vessels  and  dilutes 
the  acid  to  z^°B.  (=i'3i  sp. gr.=42'2  percent N2O5).  In orderto reduce  any  pressure 
arisiug  in  the  vessels  a'  and  a",  a  tube  h,  and  a  similar  one  not  represented  in  the  cut, 
are  connected  with  t  and  x',  for  the  purpose  of  carrying  any  non-condensed  vapour 
into  b",  where  these  vapours  collect. 

Although  this  apparatus  appears  complicated,  the  working  is  very  readily  managed. 
The  acid  vapours  issuing  from  the  distillatory  apparatus  are  partly  condensed  in  the 
vessel  A,  and  thence  carried  to  a',  the  vapours  still  uncondensed  continuing  their 
course  to  b,  b',  b",  the  fluid  there  collected  flowing  back  to  the  general  receiver  a". 
This  apparatus  when  once  well  put  together,  has  rarely  to  be  repaired,  saves  much 
labour,  and  produces  a  larger  quantity  of  acid  than  the  ordinary  apparatus,  this 
being  due  to  the  more  complete  condensation ;  while  by  the  ordinary  method  only 
125  to  128  kilos,  of  nitric  acid  are  obtained  from  100  kilos,  of  nitrate,  the  quantity 
obtained  by  this  apparatus  amounts  to  132  to  134  kilos.  The  following  brief  descrip- 
tion, illustrated  by  Figs.  69  and  70,  will  explain  the  internal  construction  of  the 
bottles  and  of  the  syphon  funnel.  In  each  of  the  carboys  of  the  lowest  row  is 
inserted  a  bent  stoneware  tube,  x,  Fig.  69,  the  opening,  o,  of  which  is  outside 
the  bottle ;  a  narrow  space,  l,  admits  the  fluid  to  the  interior  of  the  tube,  and  it 
is  clear  that  the  acid  can  only  attain  a  certain  height  in  the  carboy.  The  syphon 
flannel  consists  of  a  stoneware  tube  about  3  centims.  in  diameter,  the  side  of  which. 
Fig.  70,  is  perforated  in  a  longitudinal  direction  ;  any  fluid  therefore  flowing  into  this 
tube  from  e  can  only  reach  to  the  opening  o. 

ouMr  iiethodii  of  Nitric  Add      The  following  methods,  differing  from  that  above  described, 
M anofaetiin.  must  here  be  mentioned  ;  but  the  reader  should  not  infer  that  they 

are  actually  in  practice: — i.  Action  of  chloride  of  manganese  (chlorine  preparation 
residues)  upon  nitrate  of  soda.  When  a  mixture  of  these  salts  is  heated  to  about  230*, 
nitrons  vapours  (NOa-f  0)  are  evolved,  £md  there  remains  oxide  of  manganese,  which  can 
be  again  employed  in  the  manufacture  of  chlorine. 

(    (2MnO-f3Mn02), 
yield       loNaCl, 

(   loNOa-fO. 

By  causing  the  mixture  of  hyponitric  acid  and  oxygen  to  come  into  contact  with  water 
in  the  condensing  apparatus  nitric  acid  results,  the  excess  of  hyponitric  acid  being  decom- 
posed into  nitric  acid  and  deutoxido  of  nitrogen.  If  the  quantity  of  air  in  the  apparatus 
ia  sufficiently  large  to  oxidise  the  entire  bulk  of  the  nitrogen  deutoxide  into  nitoio  aoid, 
this  process  is  continuous,  but  if  there  is  not  enough  air,  the  deutoxide  of  nitrogen  is 

L 


sMnCla 

and 
loNaNOj 
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dissolved  in  the  nitric  acid,  any  excess  of  that  gas  escaping.  From  the  experiments  on  this 
process  by  Dr.  Knhlmann,  who  nsed  clay  retorts,  it  appears  that  100  parts  of  nitrate  of 
soda  yield  from  125  to  126  parts  of  nitric  acid  at  35^  B ;  this  resnlt  almost  agrees  with 
that  obtained  by  the  ordinary  process.  Dr.  Kuhlmann  also  instituted  experiments  with 
other  chlorides,  viz.,  those  of  calcium,  magnesium,  and  zinc,  the'  resnlt  being  the  forma- 
tion of  nitric  acid  and  chloride  of  sodium  with  lime,  magnesia,  and  oxide  of  zinc. 

2.  Action  of  certain  sulphates  upon  alkaline  nitrates.  Dr.  Kuhlmann  has  proved  by  a 
scries  of  experiments  that  the  sulphates,  including  only  those  having  no  acid  properties, 
decompose  the  alkaline  nitrates.  Sulphate  of  manganese  decomposes  nitrate  of  soda,  the 
result  being  the  formation  of  products  similar  to  those  when  chloride  of  manganese 
is  employed ;  similar  reactions  take  place  when  sulphate  of  zinc,  sulphate  of  magnesia, 
and  gypsum  are  used  for  this  purpose. 

3.  From  nitrate  of  soda  and  carbon,  yielding  soda  and  nitric  acid. 

4.  From  nitrate  of  soda  and  silica  or  alumina,  yieldiug  nitric  acid,  silicate  of  soda, 
and  soda. 

5.  From  nitrate  of  baryta  and  sulphuric  acid,  without  distillation ;  the  nitric  acid 
(=3 10"  to  11°  B.)  decanted  horn  the  sulphate  of  baryta  (permanent  white)  can  be  concen- 
trated by  boiling  to  25°  B. 

Dtnsity  of  Nitric  Add.      Accofding  to  Kolb,  the  specific  gravity  of  nitric  add  bears  to  the 

quantity  of  concentrated  acid  contained  the  following  relation : — 


100  par 

ts  contain 

-« . 

N2O5. 

Densil 
1 

ty. 

NHO3. 

at  0°.    at 

15*  c. 

lOOOO 

8571 

1*559 

1530 

97*00 

8314 

1-548 

1*520 

9400 

8057 

1537 

1509 

9200 

7885 

1529 

1*503 

91  00 

7800 

1-526 

1*499 

9000 

7715 

1-522 

1*495 

8500 

72-86 

1503 

1-478 

8000 

68-57 

1-484 

1-460 

7500 

6428 

1-465 

1*442 

6996 

6000 

1444 

1*423 

6507 

5577 

1-420 

1-400 

6000 

5143 

1*393 

1*374 

100  parts  contain 


Density. 


NHO3. 
5500 

5099 
45*00 
4000 
33*86 
3000 

2571 
2300 

2000 

1500 

11-41 

400 

2*00 


N2O5. 

47*14 

43*70 

3857 
34-28 

2902 

2571 
22*04 

19-71 

17-14 

12-85 

9*77 
3*42 
1-71 


ato". 

1365 

1*341 
1*300 

I -267 

1-226 

I  "200 

1-171 

1*153 
1*132 
I  099 

1*075 
I  026 

1013 


at  is'^C. 

1*346 

1*323 
I -284 

1251 

1211 

1*185 

1*157 
1*138 

1*120 
1089 
1*067 
1*022 
I'OIO 


The  following  table  exhibits  comparative  data  of  density  and  degrees  according  to 

Banm6 : — 

100  parts  contain  at 


Degrees  aceording 

TWknffi4 

to  Banrn^. 

6 

1*044 

7 

1052 

9 

1067 

10 

1*075 

15 

i*ii6 

20 

i-i6i 

25 

1*210 

30 

1*261 

35 

1*321 

40 

1*384 

45 

1454 

46 

1-470 

47 

1*485 

NHO3. 

NaOj. 

67 

57 

8-0 

6*9 

IO'2 

87 

11-4 

.  9*8 

17-6 

15*1 

24-2 
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Fandng  Nitric  Add.  When  in  the  preparation  of  nitric  acid  there  is  taken  for  i  mole- 
cule of  nitrate  of  potassa  i  molecule  of  sulphuric  acid,  there  is  obtained  by  distilla- 
tion a  reddish -yellow  fluid,  consisting  of  a  mixture  of  nitric  and  hyponitric  acids, 
known  as  red  fuming  nitric  acid.  When  equal  molecules  of  nitrate  of  potassa  and 
sulphuric  acid  are  taken,  only  one-half  of  the  quantity  of  nitric  acid  is  expelled, 
while  the  other  half  is  decomposed  into  hyponitric  acid  and  oxygen,  the  former  com- 
Inning  with  the  nitric  acid,  and  forming  the  fuming  nitric  acid.  When  in  ihe  prepa- 
ration of  nitric  acid  by  the  decomposition  of  the  potassium  or  sodium  nitrate,  two 
molecules  of  sulphuric  acid  are  employed,  all  the  nitric  acid  in  these  salts  is 
obtained,  and  there  remains  in  the  retort  bisulphate  of  either  base.  When  nitrate 
of  soda  is  employed,  it  is,  owing  to  the  easier  decomposition  of  this  salt  by  sulphurio 
acid  not  necessary  to  use  exactly  2  molecules  of  sulphuric  acid ;  1*25  to  1*50  mole- 
cules of  that  acid  have  been  found  to  be  practically  sufficient.  100  parts  of  Cluli- 
saltpetre  yield  120  to  130  parts  of  nitric  acid  at  36°  B. 

The  red  fuming  nitric  acid  is  now  generally  prepared  by  adding  to  the  ordinary 
concentrated  nitric  acid  a  substance  which  effects  its  decomposition.  Sulphur 
has  been  employed  for  this  purpose,  but  starch  is  generally  used,  and,  according  to 
B£  C.  Brunner's  recipe,  in  the  following  manner: — To  100  parts  of  saltpetre, 
3i  parts  of  starch  are  added,  and  placed  in  a  capacious  retort,  into  which  is  poured 
100  parts  of  strong  sulphuric  acid,  sp.  gr.=:  185.  The  distillation  usually  sets  in  with- 
out the  aid  of  heat,  but  towards  the  end  of  the  operation  the  application  of  a  gentle 
heat  is  required.  100  parts  of  nitrate  of  potassa  yield  by  this  method  about  60  parts 
of  fuming  nitric  acid.  The  retort  in  this  operation  should  not  be  filled  to  more  than 
one-third  of  its  capacity,  owing  to  the  very  strong  evolution  of  gas  which  takes  place. 

UMtof  KiMe  Add.      The  technical  application  of  nitric  acid  is  based  on  its  property  of 
oxidation  when  in  contact  with  certain  substances,  the  add  splitting  np  into  deut- 

L  2 
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oxide  of  nitrogen,  hjponitric  acid,  and  ozone,  the  latter  forming  with  the  body 
which  caused  the  decomposition  of  the  acid  either  an  oxide  or  a  peculiar  compound, 
while  the  hypouitric  acid,  when  organic  substances  are  present  capable  of  combining 
with  it,  forms  the  nitro-compounds,  nitrobcnzole,  nitronaphthaline,  nitroglycerine, 
nitromannite,  nitrocellulose,  or  gun-cotton,  &c.  A  large  number  of  metals  are 
soluble  in  moderately  concentrated  nitric  acid,  but  the  strongest  acid  fails  to 
act  upon  iron  and  lead.  Protcine  compounds,  albumen,  tlie  skin  of  the  hands,  silk, 
horn,  feathers,  &c.,  are  stained  yellow  by  nitric  acid,  hence  the  use  of  this  acid 
in  dyeing  silk.  If  the  acid  is  in  contact  with  these  substances  for  any  length  of  timCf 
they  are  completely  decomposed,  and  partly  converted  into  picric  acid.  Starch, 
cellulose,  and  sugar,  are  converted  by  the  action  of  nitric  acid  into  oxalic  acid ; 
but  very  dilute  nitric  acid  converts  starch  into  dextrine,  and  concentrated  acid 
into  xyloidine.  Owing  to  the  property  nitric  acid  possesses  of  destroying  certain 
pigments — for  instance,  indigo— it  is  sometimes  employed  in  calico  printing  to  produce 
a  yellow  pattern  on  an  indigo  ground.  This  acid  is  also  used  in  dyeing  woollen 
materials ;  in  hat-making,  to  prepare  a  mercurial  solution  used  in  dressing  felt  hats ; 
in  the  manufacture  of  sulphuric  acid ;  in  the  preparation  of  lacquers ;  in  the  prepa- 
ration of  nitrate  of  iron,  a  mordant  used  in  dyeing  silk  black ;  for  preparing  picric 
acid  from  carbolic  acid,  and  naphthaline-yellow  from  naphthaline ;  in  the  manufacture 
of  nitrobenzol,  nitrotoluol,  and  phthalic  acid ;  and  for  the  preparation  of  nitrate 
of  silver,  arsenic  acid,  fulminate  of  mercury,  nitroglycerine,  dynamite,  &c. 


Technology  of  the  Explosive  Compounds. 

a.  Gunpowder^  and  the  Chemistry  of  Fireworks,  or  Pyrotechny. 

onaonpowderinoenenL  The  substauce  kuowu  as  guupowder,  or  simply  as  powder,  is 
a  more  or  less  finely  granulated  mechanical  mixture  of  saltpetre,  sulphur,  and  char- 
coal, the  quantities  of  these  materials  being  properly  defined.  It  ignites  at  300®, 
also  when  touched  with  a  red-hot  or  burning  body,  or  under  certain  conditions  by 
friction  or  a  sudden  blow.  Powder  under  these  conditions  bums  off  rapidly  but  not 
instantaneously,  yielding  as  the  products  of  its  combustion  nitrogen,  carbonic  acid, 
or  carbonic  oxide,  while  there  remains  a  solid  substance  consisting  of  a  mixture  of 
Bulphate  and  carbonate  of  potassa.  When  the  powder  is  ignited  in  a  closed  vessel, 
the  sudden  evolution  of  the  large  volume  of  gases  causes  a  pressure  impossible  to  be 
withstood ;  and  even  in  gims  and  large  ordnance,  in  which  one  side  of  the  vessel  is 
formed  by  \hQ  yielding  shot,  the  metal  forming  the  other  sides  must  possess  great 
elasticity.  In  guns  and  artillery  the  pressure  only  lasts  as  long  as  the  ball  is  inside 
the  gun,  therefore  the  slower  the  combustion  of  the  powder  through  its  entire  mass, 
the  lower  is  the  velocity  of  the  projectile. 

MurafaetTiTo  of  onnpowder.  It  is  csscntial  that  the  materials  employed  in  the  manufacture 
of  powder  should  be  very  pure;  the  saltpetre  should  not  contain  any  chlorides;  the 
sulphur  should  be  free  from  sulphurous  acid,  hence  not  flowers  of  sulphur  but 
refined  roll  sulphur  is  used ;  and  lastly  the  charcoal  requires  very  great  attention. 
The  wood  from  which  it  is  intended  to  prepare  a  charcoal  for  gunpowder  should  be 
fiuch  as  yields  the  least  possible  quantity  of  ash,  while  the  charcoal  should  be  soft 
like  that  used  in  pharmacy.  The  stems  of  the  hemp  and  flax  plants,  especially  the 
former,  yield  excellent  charcoal,  but  in  consequence  of  the  limited  supply,  the  wood 
of  the  wild  plum  tree  (Prunus  padus)  is  largely  used  in  Grermany,  France,  and 
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Belgium;  and  in  England  the  lime,  willow,  poplar,  horse-chestnut,  vine,  hazel, 
cheny,  alder,  and  other  light  white  woods  are  employed  for  this  purpose.  All  these 
Taiieties  yield  on  being  carbonised — effected  in  various  ways,  in  retorts  similar  to 
those  used  in  gas-works,  in  pits  dug  in  the  earth,  by  tlie  aid  of  superheated  steam, 
the  wood  being  placed  in  boilers,  &c. — from  35  to  40  per  cent  charcoal.  The  tempo- 
ratore  during  the  progress  of  carbonisation  being  kept  as  low  as  possible,  there  is 
obtained  a  very  soft  reddish-brown  charcoal,  known  as  charbon  roux.  The  charcoal 
prepared  in  cylindrically-shaped  retorts  is  very  inappropriately  designated  distilled 
charcoal. 

Sf JStfifMSSSSI.      These  operations  include  :— 
X.  The  pulverising  of  the  ingredients.    2.  The  intimate  mixing  of  these  sub- 
stances.   3.  The  moistening  of  the  mixture.    4.  The  caking  or  pressing.    5.  The 
granulation  and  sortiDg  of  the  gnun,  as  it  is  termed.    6.  Surfacing  the  powder. 
7.  Drying.    8.  Sifting  from  the  dust. 

poireriataff  tiM  ingredientt.      This  Operation  cau  be  performed  in  three  different  ways  : — 

a.  By  means  of  revolving  drums. 
h.  By  mill-stones ;  or 
0.  In  stamping-mills. 

a.  The  pulverisation  by  means  of  revolving  drums  is  an  invention  due  to  the  French 
revolution,  and  has  the  advantages  of  being  very  effective,  rapid  in  execution,  and  of  pre- 
venting the  flying  about  of  the  ingredients  in  a  fine  dust.  The  drums  are  made  of  wood, 
lined  with  stout  leather,  and  provided  with  a  series  of  projections.  The  substance  to  be 
pulverised  is  put  into  the  drum  with  a  number  of  bronze  balls  of  about  \  inch  diameter, 
their  action  aided  by  that  of  the  projections,  when  the  drum  is  turned  on  its  horizontal 
axis  at  a  moderate  speed,  soon  effecting  a  reduction  to  a  fine  powder.  The  charcoal 
and  sulphur  are  separately  pulverised;  the  saltpetre  being  obtained  as  a  flour.  (See 
Saltpetre). 

h.  Grinding  by  the  aid  of  mill-stones.  Two  heavy  vertical  stones,  similar  to  those  in 
use  for  crushing  linseed,  revolve  on  a  fixed  horizontal  stone.  This  contrivance  is  the  most 
frequently  used. 

e.  Stampers  are  now  employed  only  in  small  powder-mills.  Frequently  10  to  12  stamps 
made  of  hard  wood  are  pUced  in  a  row,  each  stamp  being  fitted  with  a  bronze  shoe,  the 
entire  weight  being  about  i  cwt.  The  stamps  are  moved  by  machinery,  and  make  ifrom 
40  to  60  beats  a  minute.  The  materials  to  be  pulverised  are  placed  in  mortar-shaped 
eavities  in  a  solid  block  of  oak  wood,  each  cavity  containing  16  to  20  lbs.  In  Switzerland 
hammers  instead  of  the  stampers  are  employed. 

MixiiifftbeiBffndienta.  The  mixing  is  performed  by  the  aid  of  drums  similar  in  size 
and  shape  to  those  used  in  the  pulverisation,  but  made  of  stout  leather  instead  of 
wood.  The  mixing  of  100  kilos,  of  the  ingredients,  aided  by  the  action  of  150  bronze 
balls,  takes  fully  tliree  hours,  the  drum  making  ten  revolutions  a  minute.  It  is 
usual  to  moisten  the  materials  with  i  to  2  per  cent  of  water,  supplied  by  fine  jets 
regulated  by  taps. 

When  stampers  and  mill-work  are  employed,  the  sulphur  and  charcoal  are  first 
separately  pulverised  by  1000  blows,  and  saltpetre  having  been  mixed  with  these 
ingredients  in  the  proper  proportion,  the  machinery  is  again  set  in  motion,  and  at 
first,  after  every  2000  blows,  and  then  after  every  4000  blows,  the  contents  of  the 
stamp -holes  are  removed  from  the  one  to  the  other,  tliis  operation  being  repeated 
some  six  or  eight  times.  Where  drums  are  used  for  the  mixing  operation,  the 
moistening  takes  place  after  tlie  mixture  has  been  removed  to  a  wooden  trough, 
where  8  to  10  per  cent  of  its  weight  of  water  is  added,  care  being  taken  to  stir  with  a 
wooden  spatula. 
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^'*'£f  SiSS?^      This  operation,  which  in  stamping-mills  is  the  last  of  a  continuous 

series,  is  separately  performed  where  other  machinery  is  employed.    In  the  French 

and  German  powder-mills,  the  compression  is  effected  in  a  rolling-mill,  the  rollers 

having  a  diameter  of  o*6  metre.    The  lower  roller  is  made  of  wood,  the  upper  of 

bronze ;  between  the  two  an  endless  piece  of  stout  linen  is  arranged,  and  upon  this 

the  moist  powder  is  placed.    The  cakes  are  i  to  2  centuns.. in  thickness,  with  the 

hardness  and  very  much  the  appearance  of  clay-slate. 

The  operation  of  pressing  is  of  great  importanoe ;  the  stronger  the  pressure  the  greater 
the  quantity  of  active  material  present  in  a  given  bulk,  and  hence  the  larger  the  volume 
of  gas  given  off  by  the  ignition  of  the  powder.  In  many  English  powder-mills  the 
pressing  is  effected  by  very  powerful  hydraulic  machines,  because,  within  certain  limits, 
the  more  the  matenals  are  pressed,  the  more  slowly  the  powder  bums,  when  finished, 
while  the  temperature  of  ignition  being  lower,  the  expansion  of  the  gases  is  less.  If  the 
powder  were  finished  either  without  having  undergone  any  pressure  at  all,  or  with  only  a 
slight  pressure,  it  would  act  as  a  detonating-powder,  the  decomposition  being  instan- 
taneous throughout  its  entire  mass. 

SfftSSS;  tti^oSSS      The  conversion  of  the  cake  into  granules  is  effected— 

1.  By  means  of  sieves. 

2.  By  means  of  peculiarly  constructed  rollers,  Congreve's  method ;  or 

3.  According  to  Champy's  method. 

The  granulation  of  gunpowder  by  the  aid  of  sieves  is  carried  on  in  the  following 
manner : — The  sieves  consist  of  a  circular  wooden  frame,  across  which  a  piece  of  parch- 
ment is  stretched  perforated  with  holes ;  the  sieves  are  distinguished  according  to  their 
uses,  and  by  the  size  of  these  holes ;  that  employed  for  breaking  up  the  cake  having 
larger  holes,  and  bearing  a  name  different  from  the  sieves  used  to  produce  the 
granules ;  this  sieve  again  being  distinguished  from  that  employed  for  sorting  the  powder 
into  the  variously  sized  grain  as  commercially  known.  The  sieves  are  provided  with  a 
so-called  rummer,  a  lens-shaped  disc  made  of  hard  wood,  guajao,  box,  or  oak-wood, motion 
being  imparted  to  the  sieves  by  hand  if  they  are  small,  or  by  suitably  arranged  machinery 
if  they  are  large,  in  which  case  Lefebvre^s  granulating-machine  fitted  with  eight  sieves  in 
an  octagonal  wooden  frame  is  generally  employed. 

Congreve's  granulating-machine  consists  of  three  pairs  of  brass  rollers,  0*65  metre 
in  diameter,  provided  with  diamond-shaped  projections  2  millimetres  high,  the  projec- 
tions of  the  upper  rollers  being  coarser  than  those  of  the  others.  The  broken-up  cake  is 
conveyed  to  the  upper  rollers  by  means  of  an  endless  canvas  sheet.  The  mode  of  feeding 
this  sheet  is  somewhat  peculiar  and  ingenious :  the  loose  bottom  of  a  square  box  filled 
with  coarsely  pounded  cake  is  made  to  rise  slowly  upwards,  and  discharge  the  cake  uni- 
formly upon  the  sheet  through  an  opening  in  the  side  of  the  box.  The  cake  while  passing 
through  the  rollers  is  granulated,  and  then  showered  upon  two  sets  of  wire-gauze  sieves  to 
which  a  to-and-fro  motion  is  imparted.  Below  these  sieves  again  is  a  frame  containing 
wire-gauze,  the  meshes  of  which  are  too  small  to  admit  of  the  passage  of  ordnance  powder, 
while  the  dust  and  cartridge-powder  readily  fall  through  upon  another  wire-gauze,  the 
meshes  of  which  retain  the  rifle-powder  but  lot  the  dust  pass.  The  quantity  of  dust 
made  by  the  Congreve  machine  is  very  small,  owing  to  the  fact  that  the  rollers  do  not 
crush  but  break  the  cake.  Champy's  method,  by  which  a  very  round-grained  powder  is 
obtained,  is  performed  in  the  following  manner : — Through  the  hollow  axis  of  a  wooden 
drum  a  copper  tube,  perforated  with  very  small  holes,  is  carried,  and  from  these  holes 
water  spouts  in  a  fine  spray  upon  the  broken-up  powder-cake  placed  in  the  drum,  to 
which  a  comparatively  rapid  motion  is  imparted.  Each  drop  of  water  forms  the  nucleus 
of  a  grain  of  powder,  which  is  constantly  increasing  in  size  by  being  turned  round  in  the 
midst  of  a  mass  of  damp  powder-cake ;  the  rotation  of  the  drum  is  discontinued  as  soon 
as  the  grain  has  attained  a  sufficient  size.  The  powder  thus  obtained  is  almost  perfectly 
globuliu:,  but  not  of  the  same  size ;  the  sorting  is  effected  by  means  of  sieves,  the  over- 
sized grains  being  returned  to  the  drum,  as  well  as  the  undersized  grains,  which  become 
the  nuclei  of  proper-sized  grain.  According  to  the  Berne  method,  round-grained  powder 
is  prepared  by  causing  the  angular-shaped  powder  to  be  rotated  in  stout  Unen-bags ;  but 
by  this  plan  much  dust  is  formed. 

ori^SSdlowdcr.       ^ho  aim  of  this  operation  is  to  impart  symmetry  to  the  grain,  and 

to  separate  all  the  dust.    It  is  performed  in  drums  similar  to  those  described  above ; 

5  owts.  of  the  powder  is  polished  at  a  time,  the  drums  rotating  slowly  for  a  few  hours. 


EXPLOSIVE  COMPOUNDS.  151 

In  some  ooxmtries  tho  poliBhing  is  effected  by  placing  the  powder  in  caaks  internally 
piOTided  with  qnadrangnlar  rods.  In  Holland,  Dr.  Wagner  states  that  some  black-lead 
is  added  to  the  powder  daring  this  operation  to  prevent  ignition,  bat  this  is  not  generally 
done.  Highly-polished  powder  does  not  readily  attract  moistare,  and  is  to  be  preferred 
in  a  yery  damp  climate. 

nryiiig  the  Powder.  It  is  cleoT  that  this  Operation  requires  very  great  care  in  more 
than  one  respect.  In  small  powder-works  the  powder  is  sometimes  dried  by 
exposnre  to  the  heat  of  the  son,  being  spread  ont  on  canvas  sheets  stretched  in 
wooden  frames ;  or  the  drying-room  is  heated  by  a  stove.  In  large  powder-mills 
other  methods  of  drying  the  powder  are  general. 

Tho  qnality  of  the  powder  very  mach  depends  on  the  care  bestowed  npon  the  drying. 
A  too  rapid  drying  entails  the  following  disadvantages : — a.  The  powder  may  be  very  wet 
and  not  polished ;  coarse  ordnance  and  ordinary  military  powder  is  never  polished,  and 
henee  blackens  the  hands ;  while,  althoagh  the  water  is  driven  off,  the  nitre  is  carried  to 
the  snrface  of  the  grain,  which  thereby  cakes  together,  b.  By  the  too  rapid  evaporation  of 
the  water,  channels  and  cracks  are  made  in  the  grain,  impairing  its  density,  increasing 
its  balk,  and  rendering  it  more  hygroscopic,  c.  Lastly,  rapid  drying  entails  a  large 
amoont  of  dost.  For  these  reasons  gonpowder,  before  being  placed  in  the  drying-rooms, 
is  exposed  for  some  time  to  a  gentle  heat  in  a  well-ventUated  room,  the  heat  from  a  waste 
steam-pipe  being  sofficient. 

''''^i^poSdS.'^™  Having  been  dried,  the  powder  is  sometimes  glazed,  as  it  is 
termed ;  that  is  to  say,  again  polished  in  the  manner  above  described ;  but  generally 
this  second  polishing  is  dispensed  with,  and  the  dry  powder  cleansed  from  tho  dnst 
which  adheres  to  it,  by  being  placed  in  bags,  made  of  a  peculiar  kind  of  woollen 
fabric,  and  arranged  in  frame-work  to  which  a  to-and-fro  motion  is  given  by 
machinery,  the  fine  dust  passing  between  the  threads  of  the  fabric  into  a  box.  The 
loss  thus  occasioned  amounts  on  an  average  to  0*143  per  cent,  the  dust  consisting 
chiefly  of  charcoal. 

Properue*  of  Gunpowder.  Good  powder  is  rocognised  by  the  following  properties: — 
X.  Its  colour  should  be  slate-black ;  when  blue-black  it  indicates  that  the  powder 
contains  too  much  charcoal,  while  a  deep  black  colour  shows  the  powder  to  be  damp. 
If  the  charcoal  employed  was  the  so-called  charbon  roux,  the  colour  of  the  powder 
will  be  a  brown-black.  2.  It  should  not  be  too  much  polished  so  as  to  ^hine  like 
bomished  black-lead.  Small  shining  specks  indicate  that  the  saltpetre  has  crystal- 
lised on  the  surface.  3.  The  grains  should  be  uniform  in  size,  unless,  of  course, 
two  differently  sized  powders  have  been  mixed.  4.  The  grain  should  crack  uniformly 
when  strongly  pressed,  should  withstand  pressure  between  the  fingers,  and  should 
not  be  readily  crushed  to  powder  when  pressed  between  the  hands.  5.  When  pul- 
verised the  mass  should  feel  soft ;  hard  sharp  specks  show  that  the  sulphur  has  not 
been  well  pulverised.  6.  Powder  should  not  blacken  the  back  of  the  hands  or  a 
sheet  of  white  paper  when  gently  rubbed.  If  it  does  so,  there  is  either  powder-dust 
or  too  much  moisture.  7.  When  a  small  heap  of  powder  is  ignited  on  paper  the 
combustion  should  bo  rapid,  completely  consuming  the  powder  and  not  setting  fire  to 
the  paper.  If  black  specks  remain,  the  powder  either  contains  too  much  charcoal,  or 
it  is  an  indication  that  that  substance  has  been  badly  incorporated  with  the  rest 
of  the  materials.  Yellow  streaks  left  after  the  ignition  show  the  same  defects  for 
the  sulphur.  If  no  grains  of  powder  remain,  it  is  a  proof  that  the  powder  was  not 
well  mixed ;  when  any  remaining  grains  of  powder  cannot  be  separately  ignited,  the 
saltpetre  used  was  impure.  If  the  powder  on  being  ignited  sets  fire  to  the  paper,  it 
is  a  proof  that  it  is  either  damp  or  of  very  inferior  quality. 
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The  fact  that  different  kinds  of  powder,  although  of  the  same  weight  to  the  cubic 
foot,  do  not  have  the  same  specific  gravity,  is  shown  by  the  following  table  : — 

I  cubic  foot 
in  pounds  weight.        8p.  gr. 

Neisse^B  ordnance  powder 60  177 

„           „             „      (new  mill)      ..     ..  60  1-67 

Berlin  ordnance  powder 60  1*63 

BuBsian  ordnance  powder 60^  1*56 

Berne  ordnance  powder  (No.  6)       59!  i'67 

Berlin  rifle  powder  (new  mill) 60  1*63 

Berne  rifle  powder  (No.  4)       6o|  1*67  . 

Hounalow  nfle  powaor      59  1*72 

Berlin  sporting  powder  (old  mill) 62  177 

Le  Bouchet'B  sporting  powder 59i  1*87 

Very  coarse-grained  ordinary  Dutch  powder..  60^     ,  1*87 

Vezy  coarse-grained  ordinary  Austrian  powder  64 1  172 

Gunpowder  can  absorb  more  than  14  per  cent  of  moisture  from  ihe  air ;  if  the 
quantity  of  water  thus  taken  up  is  not  above  5  per  cent,  the  powder,  on  being  gently 
dried,  reassumes  its  former  activity ;  but  if  the  quantity  of  water  absorbed  exceeds  that 
amount,  the  gunpowder  will  not  bum  off  rapidly,  and  when  dried  the  single  grains 
become  covered  with  an  efflorescence  of  saltpetre,  of  course  impairing  the  composition 
and  active  qualities  of  the  powder.  Even  what  is  termed  dry  powder  contains  at 
least  2  per  cent  of  hygroscopic  moisture.  Powder  can  be  exploded  by  a  heavy  blow 
as  well  as  by  an  increase  of  temperature,  and  as  regards  its  explosion  by  a  blow, 
very  much  depends  upon  the  material  upon  which  it  is  placed  and  with  which  the 
blow  is  imparted.  The  following  list  exhibits  in  decreasing  order  the  materials 
between  which  a  blow  most  readily  ignites  powder: — Iron  and  iron,  iron  and 
brass,  brass  and  brass,  lead  and  lead,  lead  and  wood,  copper  and  copper,  copper  and 
bronze.  For  this  reason  gunpowder  magazines  are  provided  with  doors  turning 
upon  bronze  and  copper  hinges,  the  locks  also  being  of  copper.  When  dry  powder 
is  rapidly  heated  to  above  300°  it  explodes.  Even  if  only  a  very  small  portion  of  the 
powder  is  thus  rapidly  elevated  in  temperature,  the  entire  quantity,  be  it  large  or 
small,  is  exploded ;  hence  a  very  small  quantity  touched  by  a  red-hot  or  burning 
body  is  sufficient  to  effect  an  explosion.  It  is  generally  held  that  the  charcoal  is  first 
ignited,  and  that  it  spreads  the  ignition  to  the  other  materials.  Although  Mr.  Hearder 
found  by  experiment  that  powder  does  not  ignite  when  touched  with  a  red-hot 
platinum  wire  while  under  the  receiver  of  an  air-pump,  Professors  v.  Sclirbtter  and 
Abel  proved  that  gunpowder  so  placed  ignited  rapidly  when  heated  by  a  spirit- 
lamp. 

compodtion  of  aunpowdtf.       Ounpowder   consists  very  nearly  of  2  molecules  of  saltpetre, 
I  molecule  of  sulphur,  and  3  of  charcoal.    Accordingly  100  parts  of  powder  contain — 

Saltpetre        74*84 

Sulphur 11*84 

Chucoal  (No.  I.) 13*32 

The  above  figures  approximately  express  the  composition  of  the  beet  kinds  of  sporting 
and  rifle-powder.  Ordinary  powders,  such  as  blasting-powder,  consist  of  nearly  equal 
molecules  of  nitrate  of  potassa  and  sulphur,  with  6  molecules  of  charcoal.  Accordingly 
100  parts  contain — 

Saltpetre        66*03 

Sulphur io*45 

Charcoal  (No.  n.) 23*52 
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prodncuof  the  ^^'  BuDBen  and  Schisohkoff  fonnd  the  compoBition  of  asporiisg 

OonbiMtian  of  Powder,  and  rifle-powder  to  be,  in  loo  parts,  as  follows : — 

Saltpetre        78*99 

Snlphor 9*84 

i  Carbon 7*69 

Kr".  ::  ::  ::  ::  ::  ::  3-"^ 

Ash traces 

The  residue  of  this  powder  after  oombostion  was  fonnd  to  consist  of — 

Sulphate  of  potassa      56*62 

Carbonate  of  potassa     27*02 

Hyposulphite  of  potassa       7*57 

Snlphuret  of  potassium 1*06 

Hydrated  oxide  of  potassa  (caustic  potassa)     . .  1*26 

Sulphocyanide  of  potassium        0*86 

Saltpetre 5*19 

Carbon      0*97 

Carbonate  of  ammonia 

.   Sulphur 


I  traces 


100*55 

It  appears  from  this  analysis  that  the  residue  left  after  ignition  of  the  gunpowder 
oonsists  essentially  of  sulphate  and  carbonate  of  potassa,  and  not,  as  has  been  formerly 
stated,  of  snlphuret  of  potassium.  The  composition  of  the  smoke  of  the  powder  was 
ftfloertained  to  be— 

Sulphate  of  potassa 65*29 

Carbonate  of  potassa 23*48 

Hyposulphite  of  potassa     . .     . .       4*90 

Sulphuret  of  potassium      ....        — 

Caustic  potassa     1*33 

Sulphocyanide  of  potassium     . .      0*55 

Saltpetre        3*48 

Carbon  (charcoal) 1*86 

Sesquicarbonate  of  ammonia     ..      0*11 

Sulphur  . .  , — 


100*00 

From  these  figures  it  is  clear  that  the  smoke  of  gunpowder  consists  essentially  of  the 
same  substances  as  the  residue  from  the  combustion,  the  only  difference  being  Uiat  the 
sulphur  and  nitrate  of  potassa  of  the  powder  have  been  more  completely  converted  into 
sulphate  of  potassa,  while  instead  of  the  sulphuret  of  potassium,  carbonate  of  ammonia 
makes  its  appearance.  100  parts  by  volume  of  the  gaseous  products  of  the  combustion 
were  found  to  consist  of — 

Carbonic  acid        52*67 

Nitrogen 41*12 

Oxido  of  carbon 3*88 

Hydrogen       1*21 

Sulphuretted  hydrogen       . .     . .  0*60 

Oxygen 0*52 

Protoxide  of  nitrogen — 


lOO'OO 

The  fik>lid  residues  of  combustion  formed  during  the  generation  of  the  gases  were  found 
to  bo — 

Sulphate  of  potassa 62*10 

Carbonate  of  potassa 18*58 

Hyposulphite  of  potassa    . .     . .  4*80 

Sulphuret  of  potassium      . .     . .  3*13 

Sulphocyanide  of  potassium     . .  0*45 

Nitrate  of  potassa       5*47 

Charcoal        1*07 

Sulphur 0*20 

Sesquicarbonate  of  ammonia    . .  4*20 

100*00 
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The  deeompoeitibii  of  powder  by  its  ignition  may  be  repreeenied  by  the  following 
fonniilflB:^ 


'Besidue 
o'68o 


I  grm.  of  powder 


Saltpetre 
Soli^nr 

Charcoal 


0789^ 

0*098 

00-076 

H  0*004 

,00*030, 


yields  after 
oombastion 


1 


Gases 
0*314 

10*994 


rKaS04 
K2CO3 

KaS 

KCNS 

KNO3 

C 

S 

(NH4)a003 

Grm. 
.N  0*0990 
GOa  0*2010 
CO  0*0090 
H  0*0002 
SHa  0*0018 
.0       0*0014 


Grm. 
0*422 
0*126 
0*032 
0*02  T 
0*003 
0*037 
0*007 
0*001 
0*028 

Co. 

79-40 
101*71 

7*49 

234 
1*16 

1*00 


193*10 

Aoeordlng  to  the  recent  researches  of  Mr.  Craig,  and  later  investigations  of  M.  Fedorow 
(1869),  the  prodncts  of  the  oombastion  of  powder  vary  according  to  the  pressnre  this 
substance  is  6abjected  to  while  being  ignited.  There  has  not  hitherto  been  found  any 
really  effective  substitute  for  gunpowder ;  fulminates  and  mixtures  containing  chlorate 
of  potassa  ignite  too  quickly  and  cause  the  bursting  of  the  gun,  while  gun-cotton  yields 
among  its  products  of  ignition  water  and  nitrous  acid,  which  act  destructively  on  the 
metal,  and  also  interfere  with  continued  firing. 

MewUnda  of  Biutiiig  Under  the  name  of  pyronone  there  is  sold  a  new  kind  of  blasting- 
Powd«r.  powder,  consisting  of  nitrate  of  soda  52*5  parts,  sulphur  20,  and 

spent  tan  27*5  parts.  It  is,  of  course,  far  cheaper  than  ordinary  powder,  but  presumably 
not  very  useful  nor  active.  Captain  Wynands,  of  Belgium,  has  successfully  introduced 
a  substance,  to  which  he  has  given  the  name  saxifragine,  consisting  of  nitrate  of  baryta 
76,  charcoal  22,  and  nitrate  of  potassa  2  parts.  Schultze's  (1864)  wood-gunpowder  consiBts 
of  granulated  wood  treated  with  a  mixture  of  i^tric  and  sulphuric  acids,  and  next 
impregnated  with  a  solution  of  nitrate  of  potassa;  this  material  is  manufactured  at 
Edgeworth  Lodge,  Hants.  M.  Bandisch  has  invented  a  process  by  which  this  wood- 
gunpowder  may  be  compressed  into  a  solid  substance  exerting  great  power,  and  free 
from  danger  by  transport.  Litho&acteur,  a  white  blasting-powder  used  in  Belgium, 
is  a  substance  similar  to  gun-cotton.  The  haloxylin  of  MM.  Neumeyer  and  Fehleisen  is 
a  mixture  of  charcoal,  nitre,  and  yellow  prussiate  of  potassa.  Gallon's  blasting  powder 
is  a  mixture  of  chlorate  of  potassa  and  orpiment.  Nitroleum  is,  in  fact,  nitroglycerine, 
which,  with  dynamite  and  dualin,  will  be  spoken  of  presently.  Picrate  of  potassa  is  used 
in  France  and  in  England  for  filling  shells  intended  for  the  destruction  of  armour-plated 
ships,  and  for  the  manufacture  of  picrate  gunpowder. 

TMtinff  the  strcsgth  ^  Order  to  determine  Uie  strength  or  projectile  force  of  gunpowder, 
ofOnnpowder.  and  whlch  for  equality  of  composition  is  dependent  on  the  mechanical 
treatment  the  powder  has  undergone,  the  following  apparatus  are  used : — Test  mortar, 
rod  testing  machine,  lever  testing  machine,  ballistic  pendulum,  and  chronoscope.  The 
first  of  these  contrivances  is  a  piece  of  heavy  ordnance,  charged  with  92  grms.  of  powder, 
and  a  ball  weighing  29*4  kilos.,  the  mortar  being  placed  at  an  angle  of  45*".  The  bore  of 
the  mortar  is  191  millimetres  in  diameter  by  239  in  depth.  Powder  of  good  quality  should 
propel  the  ball  a  distance  of  225  metres,  and  frequently  the  ball  is  carried  a  distance  of 
250  to  260  metres.  The  rod  gunpowder  testing  apparatus  consists  of  a  mortar  placed 
vertically,  and  which,  when  charged  with  22  to  25  grms.  of  powder,  lifts  a  weight  of  8  lbs., 
made  to  move  between  toothed  rods ;  by  the  height  this  weight  is  raised,  springs  attached 
to  the  weight  fastening  in  the  notches  of  the  rods  and  holding  it,  the  quality  of  the  powder 
is  judged. 

whii«  otmpowder.  In  the  year  1849  M.  Augendre  brought  out  a  new  kind  of  gunpowder, 
which,  xmder  the  the  names  of  German  white  and  American  white  gunpowder,  has  been 
occasionally  employed.  This  powder  consists  of  yellow  prussiate  of  potassa,  chlorate  of 
potassa,  and  cane  sugar.  These  materials,  having  been  thoroughly  mixed  in  a  dry  state, 
can  be  used  in  powder  or  in  grains,  igniting  in  contact  with  red-hot  and  flaming  substances, 
but  not  by  friction  nor  percussion.     This  white  gunpowder  may  be  preferred  to  the 
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ordinaiy  powder  for  the  following  reasons: — ^Being  composed  of  onTarying  fiubstanoeB, 
this  powder  can  always,  by  weighing  ont  the  proper  quantities  of  eacii  ingredient,  be 
obtained  of  nniform  strength  and  qnality.  The  ingredients  are  not  hygroscopio  to  any 
extent,  and  are  not  acted  npon  by  exposure  to  the  air.  The  manofactiire  requires  but  a 
Tery  short  time,  the  projectile  force  is  far  greater,  and  the  powder  need  not  be  granulated* 
(hi  the  other  hand,  this  powder  acts,  during  its  ignition,  so  very  strongly  npon  iron  and 
steel  that  it  can  only  be  used  in  bronze  ordnance,  and  in  the  filling  of  shells,  &o.  It 
ifl  more  readily  fired  than  ordinary  gunpowder,  although  less  so  than  other  mixtures 
containing  chlorate  of  potassa.  Fmally,  its  manufacture  is  very  expensive.  According 
to  the  experiments  of  J.  J.  Fohl  (1861)  on  this  subject,  the  following  is  the  best  recipe 
for  this  powder : — 

Yellow  prussiate  of  potassa    . .     . .    28  parts 

Loaf  sugar 23    „ 

Chlorate  of  potassa 49    „ 

This  Boixture  is  approximatively  equal  to— 

I  molecule  of  Prussiate  of  potassa, 

I  „  Sugar, 

3  molecules  of  Chlorate  of  potassa ; 

corresponding  in  100  parts  to  28*17  of  prussiate  of  potassa,  22*78  of  sugar,  and  49*05  of 
chlorate  of  potassa.  As  no  accurate  and  reliable  analyses  of  tne  products  of  the  com- 
bustion of  this  powder  have  been  made,  and  as  these  products  will  vary  with  respect  to 
the  conditions  under  which  the  ignition  takes  place,  whether  in  open  air  or  in  a  dose 
Tessel,  it  can  be  merely  calculated,  that  assuming  complete  combustion  to  take  place, 
xoo  parts  of  this  powder  will  yield : — 

Nitrogen 1*865  PW^B 

Carbonic  oxide 11*192    „ 

Carbonic  acid 17*587    ft 

Water 16788    „ 


Total  gaseous  products      . .  47*442    „ 

The  solid  residue  will  consist  of — 

Cyanide  of  potassium     . .  17*385  parts 

Chloride  of  potassium    . .  29*840    ,, 

Carburet  of  iron  (FeCa)  . .  5*333    t» 


Total  non-volatile  products      52*558    „ 

The  bulk  of  gaseous  matter  evolved  by  the  ignition  of  100  grms.  of  this  powder,  taken 
at  0°  and  760  m.m.  Bar.,  is  as  follows : — 

Nitrogen     . .     . .  1927*0  cubic  ccntims. 

Carbonic  oxide  . .  8942*9 

Carbonic  acid    . .  8942*9 

Aqueous  vapour  20867*9 


ft 

»» 


40680*4  „ 

As  the  temperature  of  combustion  is  estimated  at  2604*5°  the  quantity  of  the  gases  is 
431 162  c.c. 

***"^uSSy?*"  °'       Under  the  name  of  fireworks  wo  include  certain  mixtures  of 

combustible  substances  employed  as  signals,  as  destructive  agents  (for  instance, 

congreve  rockets),  and  for  purposes  of  display. 

The  various  forms  are,  according  to  the  end  in  view,  so  contrived  as  to  bum 

off  either  rapidly  or  slowly,  and  with  more  or  less  emission  of  gaseous  matter,  heat, 

and  light.     These  mixtures  are  mainly  distinguished  as  heat-producing,  ignition 

oonununicators  (technically  termed  a  match),  and  light-producing.     The  principle 

of  the  rational  manufacture  of  fireworks,  applying  the  word  in  its  extended  sense,  is 

that  neither  any  excess  of  the  combustible  nor  of  the  combustion  promoting  and 

supporting  agents  should  be  employed,  and  that  unavoidable  accessory  materials, 

viz.,  such  as  are  intended  only  to  keep  the  essential  ingredients  in  a  certain  required 

shape,  the  paper  casings.  &c.,  be  in  precisely  the  quantity  required.     The  best 
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proportionB  of  the  eombnstible  and  combustion-supporting  substances  can  be  readily 
ascertained  by  theoretical  calculations ;  for  instance,  it  will  be  evident  that  a 
mixture  of  2  equivalents  of  saltpetre  and  i  equivalent  of  sulphur  (i),  or  a  mixture 
of  2  equivalents  of  saltpetre  and  3  equivalents  of  sulphur  (2),  is  in  each  instance 
wrong ;  in  the  latter,  too  much  of  the  combustible  body  is  used ;  and  in  the  former 
case,  too  much  of  the  supporter  of  combustion  is  employed : — 

(i).  S  can  take  up  from  2KN03  at  most  3O,  consequently  3O  remain  inactive. 

(2),  3S  and  2KNO3  yield  either  KaS  and  2SO3,  or  a  mixture  of  KJ1SO4,  KaS, 
and  SOa ;  in  each  case  some  sulphur  remaining  unbumt. 
We  have  to  bear  in  mind,  however,  that  it  is  not  always  possible  to  elucidate 
theoretically  the  decomposition  of  firework  mixtures,  as  the  affinity  of  the  substances 
which  react  upon  each  other  is  not  well  known,  and  depends  on  accessory  con- 
ditions and  comparatively  unknown  influences.  It  will  require  a  more  advanced 
knowledge  of  the  products  of  the  decomposition  of  the  different  substances  and 
their  specific  heat  before  we  can  predict  with  some  degree  of  certainty  the  best 
mixtures.  As  regards  the  existing  mixtures,  they  are  the  result  of  a  lengthy  series 
of  experiments,  really  made  by  rule  of  thumb,  though  with  a  certain  correspondence 
with  the  best  composition  theory  can  give,  that  is  to  say,  many  of  tliese  mixtures 
have  been  somewhat  modified  and  improved  by  modem  science. 

The  mora  eommoniy  naed  These  miztureB  consist  mainly  of  saltpetre,  sulphur,  and  charcoal, 
Finwoxii  MixtoTM.  either  in  the  same  proportions  as  those  in  use  for  gunpowder,  or 
with  an  excess  of  sulphur  and  charcoal.  Some  mixtures  contain  instead  of  saltpetre 
chlorate  of  potassa  and  other  salts,  not  always  essential  to  the  combustion,  but  intended 
either  to  intensify  the  light  evolved  or  impart  to  it  a  distinctive  colour,  as  in  signals 
and  Bengal  lights. 

oanpowdcr  Is  uscd  in  fireworks  when  it  is  desired  that  there  should  be  projectile  force. 
A  slower  combustion  of  the  powder  is  obtained  partly  by  tiie  use  of  the  so-called  flour  of 
powder,  that  is  pulverised,  not  granulated  powder,  partly  by  compressing  the  mixture.  If, 
however,  it  is  intended  to  produce  loud  reports,  granulated  powder  is  used. 

saitpetra  and  Bnipirar  Mixture.  Thls  consists  of  2  molecules  (75  parts  by  weight)  of  saltpetre, 
and  I  molecule  (25  parts  by  weight)  of  sulphur,  and  is  used  as  the  chief  constituent  of 
such  firework  mixtures  as  are  intended  to  bum  off  slowly  and  evolve  a  strong  light. 
However,  this  mixture  is  not  used  by  itsdf  for  two  reasons,  viz.,  it  does  not  develope 
a  sufficient  degree  of  heat  to  support  its  continued  combustion,  and  does  not  possess  a 
sufficient  projectile  force,  being  capable  of  producing  in  the  best  possible  condition  of 
complete  ignition  only  i  molecule  of  sulphurous  add — 

2KNOa+S»KaS04+SOa+N ; 
that  is  to  say,  i  part  by  bulk  of  this  mixture  only  yields  7*28  volumes  of  gas.    For  these 
reasons  the  saltpetre-sulphur  mixture  is  employed  with  charcoal  or  floury  gunpowder. 

Gny-eoionred  Mixtu*.  Such  a  mixture.  Sanctioned  by  long  use,  is  that  known  as  grey- 
ooloured  mixture,  consisting  of  93*46  per  cent  of  saltpetre-sulphur,  and  6*54  of  floury 
gunpowder.  This  mixture  is  the  chief  constituent  of  oihei  compounds  intended  to  bum 
^owly,  emitting  at  the  same  time  a  brilliant  Ught,  owing  to  the  fact  that  the  sulphate  of 
potassa  formed  by  the  combustion  acts  similarly  to  a  solid  brought  to  an  incandescent 
state.  All  mixtures  intended  to  emit  Ught,  including  coloured  lights,  are  prepared  upon 
the  same  principle,  that  the  salt  which  is  to  give  colour  shall  be  non-volatile  at  the  tem- 
perature of  combustion. 

Chlorate  of  PoiMM  Miztan*.  This  Salt  EGIO3,  when  in  presence  of  combustible  sub- 
stances, gives  off  its  oxygen  to  the  latter  more  readily,  rapidly,  and  completely  than  salt- 
petre ;  accordingly  this  salt  is  used  in  all  mixtures  in  which  it  is  desired  to  combine  rapid 
Ignition  with  combustion.  Formerly  a  mixture  of  80  parts  by  wdght  of  chlorate  of 
potassa  and  20  parts  of  sulphur,  was  added  to  intensify  and  quicken  the  combus- 
tion of  mixtures  consisting  of  more  slowly  burning  s^ts.    A  mixture  of  sulphur,  char- 

FrieUon  Miztnreft.        ooal,    and   chlorate   of    potassa   constitutes   an    active   percussion 

^•reiucion  Powden.  powder.  A  mixture  of  equal  parts  by  weight  of  black  sulphuret  of 
antimony  and  chlorate  of  potassa  is  used  for  the  purpose  of  discharging  or&anco  by 
means  of  a  percussion  tube  placed  into  the  touohhole  of  the  gun.  Sir  William  Armstrong 
uses  for  this  purpose  a  mixture  of  amorphous  phosphorus  and  chlorate  of  potassa. 
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ViztnreforiBnitiiigtho  This  mixtoTO  coiiBistg  oithor  of  chlorate  of  potassa  and  black  enl- 
oartridgeti  of  Needie-guM.  phuTct  of  antimony,  or  a  compound  containing  fulminate  of  mercury. 
The  following  is  a  good  preparation : — 16  parts  of  chlorate  of  potassa,  8  parts  of  black 
Bolphuret  of  antimony,  4  of  flour  of  sulphur,  i  of  charcoal  powder,  are  moistened  with 
either  gum  or  sugar  water,  and  about  5  drops  of  nitric  acid  added.  A  small  quantity, 
technically  known  as  the  piU^  is  placed  in  the  cartridge,  and  ignited  by  the  friction  pro- 
duced by  the  sudden  passage  of  the  steel  needle  through  it.  In  this  country  either  the 
ftbove  or  a  mixture  of  amorphous  phosphorus  and  chlorate  of  potassa  is  used.  Leaving 
the  fulminates  of  silver  and  mercury  out  of  the  question,  the  explosive  bodies  and 
their  applicability  to  warlike  purposes  and  war  pyrotcchny  have  not  been  sufficiently 
investigated.  Nitromannite  or  fulminating  mannite,  the  piorates  of  the  alkalies 
and  nitroglycerine,  of  which  we  shall  presently  treat  more  fully,  especially  deserve  notice. 
M.  Dessignolles,  who  suggests  that  instead  of  saltpetre,  picrate  of  potassa  should  be  used 
in  the  manufacture  of  gunpowder,  states  that  quite  different  products  are  formed  by  the 
ignition  of  picrate  of  potassa,  when  effected  in  the  open  air  (a),  or  under  pressure  (/3) : — 

a.  2C6H2K(N02)30=K2C03+5C+2N+N0+N02+4C0a+CHN. 

' , ' 

Picrate  of  potassa. 

/3.  2C6H2K(N02)30  =  K2C03+6C+3N+5C0a+2H2+0. 

' , ' 

Picrate  of  potassa. 
Fulminating  aniline,  chromato  of  diazobenzol,  obtained  by  the  action  of  nitrons  aoid 
upon  aniline,  and  the  precipitation  of  the  product  by  the  aid  of  a  hydrochloric  acid  solu- 
tion of  bichromate  of  potassa,  is,  according  to  MM.  Caro  and  GriesB,  an  efficient  substitute 
for  fulminating  mercury. 

Heat-producing  Mixture*.  These  cousist  chicfly  of  floury  gunpowder  and  grey  mixture, 
to  which  are  added  those  organic  substances,  as  pitch,  resin,  tar,  igniting  readily,  but 
consumed  more  slowly  than  any  firework.  The  heat  generated  by  the  combustion  of 
fireworks  is  much  higher  than  is  required  to  ignite  wood,  but  not  of  sufficient  duration  to 
cause  the  thorough  burning  of  the  wood,  hence  the  addition  of  tar,  &q. 

Coloured  Pirmi.  lie  salts  employed  to  produce  coloured  flames  are — the  nitrates  of 
baryta,  strontia,  and  soda,  and  the  ammoniacal  sulphate  of  copper.  The  so-called  cold 
fused  mixture,  composed  of  grey  mixture,  floury  gunpowder,  and  sulphuret  of  antimony, 
moistened  with  brandy  and  then  mixed,  produces  a  white  flame.  The  mixtures  for 
coloured  fires  used  in  artillery  laboratories  are  the  undermentioned,  calculated  for  100 
parts  of  each  mixture : — 

1.  Chlorate  of  potassa    .. 

2.  Sulphur 

3.  Charcoal 

4.  Nitrate  of  baryta 

5.  Nitrate  of  strontia      ....  —  457  —  —  — 

6.  Nitrate  of  soda  ....  —  —  9*8  —  — 

7.  Ammoniacal  sulphate  of  copper  —  —  —  27*4  — 

8.  Saltpetre  . .         . .         . .  —  —  62*8  —  60 

g.  Black  sulphuret  of  antimony  . .  —  57  —  —  5 

10.  Floury  gunpowder       ....  —  —  —  —  15 

It  is  hardly  necessary  to  mention  that  great  care  is  required  in  mixing  these  mate- 
rials, and  that  each  ingredient  ought  to  be  pulverised  separately. 

According  to  M.  Uhden  a  beautiful  white  flame  edged  with  blue  is  obtained  by 
the  ignition  of  the  following  mixture  : — ^20  parts  of  saltpetre,  5  of  sulphur,  4  of  sulphuret 
of  ca<lmium,  and  [1  part  of  charcoal.  Chloride  of  thallium  wiUi  other  ingredients  yields  a 
beautiful  green  flame.  Magnesium  was  used  during  the  Abyssinian  war  in  various  wavs 
when  a  brilliant  light  was  required.  The  chlorates  of  the  alkaline  eiurth  bases  and  the 
ohlofate  of  soda  would  be  preferable,  were  it  not  for  the  expense,  and  for  the  facts 
that  these  salts  are  rather  hygroscopic  and  liable  to  spontaneous  combustion.  The  car- 
bonates of  baryta  and  of  strontia  are  sometimes  used  instead  of  the  nitrate.  According 
to  MM.  Dessignolles  and  Castelhaz,  most  brilliant  coloured  flames  are  obtained  with  picrate 
of  ammonia  in  the  following  proportions : — 

Yellow  I  ^®''**®  ^'  ammonia         . .  50 

I  Picrate  of  protoxide  of  iron  50 

fi^^^  f  Picrate  of  ammonia  . .  48 

ween    titrate  of  baryta   . .         . .  52 

•n^      { Picrate  of  ammonia  . .  54 

(Nitrate  of  strontia . .        . .  46 


a. 

b. 

c. 

d. 

e. 

reen. 

Bed. 

Yellow. 

Blue. 

White. 

327 

297 

54*5 

• 

9-8 

17*2 

236 

20 

52 

n 

3-8 

181 

— 

52*3 

— 
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b.  Nitroglycerine. 

Nitrogiyoarine.      Thls  fiubstance,  also  known  as  Eliminating  oil,  nitroleom,  trinitrine, 

glyceryl-nitrate,  glonoine,  was  discovered  in   1847  ^7  ^''  •^-  Sobrero,  while  a 

student  in  the  laboratory  of  Professor  Pelouze,  at  Paris.  Since  the  year  1 862,  M.  Alfred 

Nobel,  a  Swede,  has  mannfactnred  this  liquid  on  the  large  scale.    The  formula  of 

nitroglycerine  is  CjHsNsOg  or  f^f\\  \  O3 ;    consequently  it  consists  of  glycerine, 

H  1  ^3'  ^  wl^ch  3  atoms  of  H  have  been  replaced  by  3  atoms  of  NOg.     100  parts 

of  nitroglycerine  yield  on  combustion — 

Water        20    parts. 

Carbonic  acid       58        „ 

Oxygen      ...        ...        ...  3  5      »» 

Nitrogen    ...         ...         ...  18*5      ,, 

loo'o  parts. 

As  the  sp.  gr.  of  nitroglycerine  is  16,  i  part  by  bulk  will  yield  on  combustion— 

Aqueous  vapour    554  volumes. 

Carbonic  acid 469 

Oxygen    39 

Nitrogen 236 


ff 


)* 


f» 


1298 

According  to  experiments  made  in  Belgium,  the  combustion  of  nitroglycerine 
does  not  yield  free  oxygen,  but  a  large  quantity  of  protoxide  of  nitrogen ;  accordingly, 
the  following  equation  will  give  some  idea  of  the  mode  of  explosion : — 

Carbonic  acid,  6C0a. 


2  molecules  of 
Nitroglycerine,  CaHjNsOg 


Water,  sH^O. 

Protoxide  of  nitrogen,  N2O. 

Nitrogen,  4N. 


M.  Nobel  states  that  the  heat  set  free  by  explosion  causes  the  gases  to  expand  to 
eight  times  their  bulk ;  accordingly,  i  volume  of  nitroglycerine  will  yield  10384 
volumes  of  gas,  while  i  part  by  bulk  of  powder  only  yields  800  volumes  of  gas ;  the 
explosive  force  of  nitroglycerine  is,  therefore,  to  that  of  powder — 

By  volume  as  13  :  i, 
By  weight  as   8:1. 

In  order  to  prepare  nitroglycerine,  very  strong  nitric  acid,  density  49°  to  50°  B. 
=  1*476  to  1-49  sp.  gr.,  is  mixed  with  twice  its  weight  of  concentrated  sulphuric 
acid.  3300  grms.  of  this  mixture,  thoroughly  cooled,  are  poured  either  into  a  glass  flask 
or  into  a  glazed  earthenware  jar,  placed  in  a  pan  of  cold  water,  and  there  is  next 
gradually  added  500  grms.  of  concentrated  and  purified  glycerine,  having  a  dqpisity 
at  least  of  30°  to  31°  B.  =  sp.  gr.  i'246  to  i'256,  care  been  taken  to  stir  constantly. 
According  to  Dr.  £.  Kopp's  recipe  (1868)  the  acid  mixture  should  consist  of  3  parts 
of  sulphuric  acid  at  66"*  B.  =  1767  sp.  gr.,  and  i  part  of  fuming  nitric  acid.  To 
350  grms.  of  glycerine  2800  grms.  of  the  acid  mixture  are  added ;  and  in  performing 
this  operation  care  should  be  taken  to  avoid  any  perceptible  heating  for  fear  of 
converting  by  a  violent  reaction  the  glycerine  into  oxalic  acid.  The  mixture  is  now 
left  to  stand  for  five  or  ten  minutes,  and  afterwards  poured  into  five  or  six  times  its  bulk 
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of  veiy  cold  water,  to  which  a  rotatory  motion  has  been  imparted.  The  newly- 
formed  nitroglycerine  sinks  to  the  bottom  of  the  vessel  as  a  heavy  oily  liquid,  which 
is  washed  by  decantation ;  but  if  not  intended  for  transport — and  experience  has 
proved  the  transport  of  nitroglycerine  to  be  highly  dangerous — the  washing  may  be 
dispensed  with,  as  neither  any  adhering  acid  nor  water  impairs  the  explosive 
properties.  Nitroglycerine  is  now  generally  made  on  the  spot  in  America  and  else- 
where by  those  whom  experience  in  mining,  quarrying,  and  engineering  matters  has 
taught  the  real  value  of  this  very  powerful  agent. 

Nitroglycerine  is  an  oily  fluid  of  a  yellow  or  brown  colour,  heavier  than  and 
insoluble  in  water,  soluble  in  alcohol,  ether,  and  other  fluids;  when  exposed  to 
continuous  cold,  not  of  great  intensity,  it  becomes  solidified,  forming  long  needle- 
shaped  crystals.  The  best  means  of  exploding  nitroglycerine  is  a  well-directed 
blow,  neither  a  spark  nor  a  lighted  body  will  cause  the  ignition,  which  even  with  a 
thin  layer  takes  place  with  difficulty,  only  part  being  consumed.  A  glass  bottle  filled  with 
nitroglycerine  may  be  smashed  to  pieces  without  causing  the  contents  to  explode.  Nitro- 
glycerine may  even  be  gently  heated  and  volatilised  without  decomposition  or  com- 
bustion, provided  violent  boiling  is  carefully  prevented.  When  a  drop  of  nitroglycerine 
is  caused  to  fall  on  a  moderately  hot  piece  of  cast-iron  the  liquid  is  quietly  volatilised ; 
if  the  iron  is  red-hot  the  liquid  bums  ofi"  instantaneously,  just  as  a  grain  of  powder 
would  do  under  the  ssune  conditions ;  if,  however,  the  iron  is  at  that  heat  which 
will  cause  the  immediate  boiling  of  the  nitroglycerine,  it  explodes  with  great  force. 
Nitroglycerine,  especially  if  sour  and  impure,  is  liable  to  spontaneous  decomposition, 
which,  accompanied  by  the  formation  of  gas  and  of  oxalic  acid,  may  have  been  the 
proximate  cause  of  some  of  the  dreadful  explosions  of  this  substance,  it  being 
surmised  that  the  pressure  exerted  by  the  generated  gases  upon  the  fluid  in 
hermetically  closed  vessels  had  something  to  do  with  the  occurrences.  On  this 
account  M.  K.  List  advises  that  vessels  containing  nitroglycerine  should  be  only 
loosely  stoppered,  or  if  being  transported  provided  with  safety-valves.  Nobel 
secures  nitroglycerine  from  explosion  by  dissolving  it  in  pure  wood-spirit,  from 
which  it  may  be  again  separated  by  the  addition  of  a  large  quantity  of  water.  Mr. 
Seeley  on  this  score  observes  that: — i.  The  wood-spirit  is  expensive,  and  lost  in  the 
large  quantity  of  water  required  for  precipitating  the  nitroglycerine ;  2.  Wood-spirit, 
being  volatile,  may  evaporate,  and  leave  the  nitroglycerine  unprotected ;  3.  There 
is  a  change  of  chemical  action  between  these  bodies ;  4.  The  vapour  of  wood-spirit 
is  very  volatile,  and  forms  with  air  an  explosive  mixture.  Many  suggestions  have  been 
made  as  to  rendering  nitroglycerine  safe  to  warehouse ;  among  them  may  be  noted 
the  mixing  with  pulverised  glass  in  a  manner  similar  to  Gale's  process  for  gun- 
powder. Wurtz  recommends  the  mixture  of  nitroglycerine  with  equally  dense 
solutions  of  either  of  the  nitrates  of  zinc,  lime,  or  magnesia,  so  as  to  form  an 
emulsion,  the  nitroglycerine  being  recovered  simply  by  the  addition  of  water.  The 
taste^f  nitroglycerine  is  sweet,  but  at  the  same  time  burning  and  aromatic ;  it  is  a 
violem  poison  even  in  small  doses,  and  its  vapour  is  of  course  equally  virulent,  hence 
great  care  is  required  in  working  with  this  substance  in  localities  where,  as  in  mines 
and  pits,  the  supply  of  fresh  air  is  limited.  Instead  of  manuflBusturing  nitroglycerine 
in  works  specially  arranged  for  that  purpose,  and  transporting  this  dangerous 
compound,  it  is  better,  as  advised  by  and  executed  under  the  direction  of  Dr.  K 
Kopp,  at  the  Saveme  quarries,  to  have  the  quantity  required  for  daily  use  prepared 
on  the  spot  by  intelligent  workmen.    Notwithstanding  the  very  serions  accidents 
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which  have  been  caused  by  the  explosions  of  nitroglycerine  in  this  country  as  well 
as  abroad,  and  the  consequent  prohibition  of  its  use,  there  is  no  reason  why  this 
powerful  agent  should  not  be  employed  according  to  Kopp's  suggestion.  Instead  of 
the  acid  mixture  used  in  the  preparation  of  nitroglycerine,  M.  Nobel  suggests  the 
following: — In  34  parts  of  strong  sulphuric  acid  of  183  sp.  gr.  is  dissolved  i  part 
of  saltpetre,  and  the  fluid  cooled  down ;  the  result  is  the  separation  of  a  salt  consisting 
of  I  molecule  of  potassa,  4  molecules  of  sulphuric  acid,  and  6  molecules  of  water, 
and  which  at  32°  F.  is  altogether  eliminated  from  the  fluid,  leaving  an  acid  which, 
by  the  gradual  addition  of  glycerine,  is  converted  into  glonoine,  afterwards  separated 
by  water,  as  already  described. 

Nobeig Dyiumite.  Under  the  name  of  dynamite,  Nobel,  in  1867,  brought  out  a  new 
explosive  compound,  consisting  of  75  parts  of  nitroglycerine  absorbed  by  25  parts 
of  any  porous  inert  matter,  as  finely  divided  charcoal,  silica.  As  evidenced  by  the 
experiments  of  Bolley  and  Kundt,  dynamite  has  the  advantage  over  nitroglycerine 
of  not  being  exploded  even  by  the  most  violent  percussion,  therefore  requiring  a 
peculiarly  arranged  cartridge.  The  explosion  is  attended  with  such  force  that 
large  blocks  of  ice  are  shattered  to  atoms.  Dynamite  bums  off  quietly  in  open 
air,  or  even  when  loosely  packed,  the  combustion  being  accompanied  by  an  evolution 
of  some  nitrous  acid;  but  when  dynamite  is  exploded  there  are  generated  only 
carbonic  acid,  nitrogen,  and  aqueous  vapour,  no  smoke  being  formed,  and  only  a 
white  ash  left.  Dynamite  is  not  affected  by  damp,  and  undoubtedly  offers  great 
advantages  as  regards  its  use  in  mining,  quarrying,  and  similar  operations,  for 
although  the  price  exceeds  four  times  that  of  powder,  dynamite  performs  eight  times 
as  much  work  with  less  danger,  and  less  labour  in  boring  blast  holes.  The  dynamite 
is  placed  in  cartridges  of  thick  paper,  and  ignited  by  means  of  a  fusee,  which  passes 
through  the  sand  serving  the  purpose  of  a  wad.  Dynamite  can  be  transported 
without  danger  of  explosion.  Dittmar's  duaHn  is  a  mixture  of  nitroglycerine  with 
sawdust  or  wood-pulp  as  used  in  paper  mills,  both  previously  treated  with  nitric  and 
sulphuric  acids. 

c.  Oun- Cotton. 

onn-cotton,  This  substaucc,  also  known  as  pyroxylin  and  fulmicotton,  was  discovered 
in  1846,  simultaneously  by  the  late  Professor  Schonbein,  at  Basle,  and  by  Dr.  R. 
Bottger,  at  Frankfort-on-Main.  The  mode  of  preparing  this  substance  is  as  follows : — 
Equal  parts  of  strong  concentrated  sulphuric  acid,  sp.  gr.= 184,  and  fuming  nitric  acid 
are  poured  into  a  porcelain  basin ;  as  much  cotton-wool  is  steeped  in  the  fluid  as  the 
acid  is  capable  of  thoroughly  moistening,  and  the  vessel  covered  with  a  glass  plate, 
and  left  for  a  few  minutes.  The  cotton-wool  is  then  removed  from  the  acid, 
immediately  transferred  to  a  vessel  containing  a  large  quantity  of  water,  and  washed 
with  care,  the  water  being  renewed  until  no  more  acid  adheres  to  the  gun-cotton, 
which  is  next  dried  in  a  current  of  warm  air,  and  finally  combed  to  remove  all  the 
lumps.  The  cotton  should  not  be  left  too  long  in  the  acid  as  it  might  lAome 
entirely  dissolved.  According  to  experiments  instituted  at  Paris  in  one  of  the 
powder  mills — ^for  in  France  no  one  is  allowed  to  manufacture  powder  or  gun-cotton 
except  the  Government — ^the  following  are  the  conditions  under  which  the  best  results 
are  obtained: — i.  Equal  parts  of  sulphuric  and  nitric  acids  and  well  cleansed 
cotton.  2.  Time  of  immersion  in  acid  mixture  from  10  to  15  minutes.  3.  The  same 
acid  may  be  used  once  again,  but  then  the   time  of  immersion  of  the  cotton 
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should  be  longer.  4.  The  gun-cotton  having  been  thoroughly  washed  should  be  dried 

slowly  at  a  gentle  heat.    5.  Impregnating  with  nitre  inoreases  the  strength  of  the 

gun-cotton. 

propMtiM  of  oim-ootton.      In   its   outward   appearance  gun-cotton  does  not  differ  from 
ordinary  cotton,  neither  is  any  difference  perceptible  by  microscopic  investigation.    It  is 
insoluble  in  water,  alcohol,  and  acetic  acid,  di33&caltly  soluble  in  pure  ether,  but  readily 
soluble  in  ether  which  contains  alcohol,  and  in  acetic  ether.    Gun-cotton  is  Uable  to  spon- 
taneous decomposition,  which  may  even  induce  its  spontaneous  combustion ;  this  decom- 
position is  attended  with  the  evolution  of  aqueous  vapour  and  of  nitrous  acid  fumes,  the 
remaining  substance  containing  formic  acid.    As  regards  the  temperature  at  which  gun- 
cotton  ignites  statements  differ ;  it  has  in  some  instances  been  dried  at  90°  to  100* 
without  any  dangerous  consequences,  while  it  has  been  found  to  ignite  at  43**.    Instances 
are  on  record  of  serious  explosions  of  gun-cotton  having  taken  place  under  conditions 
which  leave  no  doubt  that  the  greatest  care  is  required  in  handling  and  warehousing 
this  substance ;  for  instance,  a  small  magazine,  fiUed  with  gun-cotton,  sitxuted  in  the 
Bois  de  Vincennes,  Paris,  was  exploded  by  the  sun*s  rays ;  and  at  Faversham  the  Le  Bouchet 
drying  rooms,  which  could  not  possibly  be  heated  above  45**  to  50*,  exploded  with  great 
violence.    Gun-cotton  explodes  by  percussion,  leaving  no  residue  after  its  ignition.  Good 
gun-cotton  may  be  burned  off  when  placed  on  dry  gunpowder  without  igniting  the  latter. 
It  is  very  hygroscopic,  but  may  be  kept  for  a  length  of  time  under  water  without  affecting 
its  explosive  properties. 

According  to  the  best  chemical  analysis,  gun-cotton  is  trinitro-cellulose, 

C6H7lNOa)305, 

consequently  it  is  cotton  considered  in  a  pure  state  as  cellulose,  C6H10O5,  3  atoms  of 
the  hydrogen  of  which  have  been  replaced  by  3  atoms  of  hyponitric  acid.  100  parts 
of  gun-cotton  contain — 

Carbon       24*24 

Hydrogen 2*36 

Oxygen      59*26 

Nitrogen     14*14 

lOOOO 

The  conversion  of  c6tton  into  gun-cotton  may  therefore  be  expressed  by  the  following 
formula : — 

C6H,o05+3HN03=C6H7(NOa)305+3HaO  ; 

« — , "^^ , " 

Cotton.  Gun-cotton. 

the  sulphuric  acid  being  employed  only  for  the  purpose  of  absorbing  water. 
Assuming  that  the  cellulose  is  entirely  converted  into  trinito-cellulose,  100  parts  of 
cotton  ought  to  yield  185  parts  of  gun-cotton,  and  when  the  conversion  forms  binitro- 
cellulose,  100  parts  of  cotton  ought  to  yield  155  parts  of  gun-cotton.  The  under- 
mentioned are  the  results  of  direct  investigation.     For  100  parts  of  cotton — 

Pelouze  (in  ten  experimente,  1849)  ^"^^^^  ^^^  ^  ^7°  pa^s  of  gun-cotton. 

Schmidt  and  Heckcr  (1848)  m  169 

Van  Kerckhoff and  Renter  (1849)  m  1762 

W.  Cram  (1850)  V  178 

Redtenbacher,  Schrottcr,  and  Schneider  (1864)     „  178  „ 

V.  Lenk  (1862)  »*  i55 

Blondeau  (1865)  ,.  165  25 

By  the  explosion  of  gun-cotton  in  vaeuo,  carbonic  oxide,  aqueous  vapour,  and 
nitrogen  are  evolved.  The  same  products,  with  the  addition  of  nitrous  acid  and 
cyanogen,  are  generated  by  the  explosion  of  gun-cotton  in  closed  vessels,    i  grm.  of 


It 
»» 
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gun-cotton  yields,  according  to  Schmidt,  588  c.c.  gases,  these  gases  consisting  in 
100  parts  by  volume  of — 

Carbonic  oxide      30 

Carbonic  acid ... 

Marsh  gas 

Deutoxide  of  nitrogen  ... 

Nitrogen...     

Aqueous  vapour    


..•     ... 


20 
10 

9 
8 

23 


•  •         •  •  • 


•  •         •  •  • 


100 

I  part  by  weight  of  gun-cotton  is  equal  in  projectile  power  to  45  to  5  parts  of  gun- 
powder. 

*«n^oj««^jj*g|"*nte  Gun-cotton  has  not  yet  been  adopted  in  practice  as  a  good 
substitute  for  gunpowder ;  its  large  bulk,  coupled  with  the  fact  that  the  explosion  is 
attended  with  the  evolution  of  much  water  and  nitrous  acid,  render  it  inconvenient 
as  a  substitute  for  powder. 

ouMTOiMof  oon-ooiton.  Gun-cotton  is  advantageoosly  employed  in  blasting,  and  has  been 
used  as  a  substitate  for  fulminating  meroory  in  gun-caps  when  mixed  with  chlorate  of 
potassa.  ^e  experiments  of  Professor  Abel,  of  Woolwich,  have  led  to  great  improve- 
ments in  the  manufacture  of  gun-cotton,  carried  into  practice  by  Messrs.  Prentice,  of 
Stowmarket,  and  consisting  chiefly  in  mechanical  operations.  The  cotton,  either  by 
spinning  and  weaving,  by  pulping,  or  the  aid  of  suitable  solvents,  is  brought  into  a  con- 
dition in  which  it  has  been  found  an  excellent  and  cleanly  substitute  for  gunpowder, 
having  the  advantages  of  not  giving  off  smoke,  exploding  with  less  noise,  and  not  fouling 
the  guns.  The  detailed  description  of  the  method  of  these  operations  is  not  necessary 
here.  Gun-cotton  in  many  oases  may  serve  the  purpose  of  asbestos  for  filtering  strong 
acids  and  other  concentrated  fluids  which  cannot  be  filtered  through  paper. 

Collodion.  Maynard  employs  a  solution  of  gun-cotton  in  ether  as*  a  kind  of  glue  or 
varnish,  and  gives  it  the  name  of  collodion.  This  solution  has  the  a|;j[>earance  of  a 
syrup,  and  a  thin  film  poured  on  the  skin,  leaves,  by  the  evaporation  of  the  ether,  a 
Strongly  adhesive  compact  layer ;  hence  collodion  is  applied  in  surgery,  photography, 
and  as  a  waterproof  coating  instead  of  varnish,  especially  to  protect  the  composition 
of  ludfer-matches  from  the  effects  of  damp.  The  film  of  pyroxylin,  deposited  after 
the  evaporation  of  ether,  is  insoluble  in  water  and  alcohol,  becomes  highly  negatively 
electric  when  rubbed  with  the  dry  hand,  and  may  be  obtained  so  thin  as  to  exhibit 
the  colours  of  the  Newton  rings.  Legray  prepares  in  the  following  manner  a  gun- 
cotton  quite  soluble  in  ether : — 80  grms.  of  dried  and  pulverised  nitrate  of  potassa 
are  mixed  with  120  grms.  of  concentrated  sulphuric  acid,  and  in  the  pulpy  acid  mass 
are  thoroughly  immersed  by  the  aid  of  a  glass  rod  or  porcelain  spatula  4  grms.  of 
cotton,  which  is  stirred  about  for  a  few  minutes ;  next  the  vessel  containing  acid  and 
cotton  is  placed  in  a  leu*ge  quantity  of  water,  and  the  converted  cotton  washed  until 
all  the  acid  is  eliminated,  when  it  is  dried.  Soluble  cotton  may  be  made  with 
nitrate  of  soda,  17  parts;  sulphuric  acid,  sp.  gr.  =  I'So,  33  parts ;  cotton,  k  part. 
The  converted  cotton  is  soluble  in  acetic  ether,  acetate  of  oxide  of  methyl, Vood- 
spirit,  and  aceton ;  the  usual  solvent  is  a  mixture  of  18  parts  of  ether  and  3  parts  of 
alcohol. 
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Common  Salt. 

oeeonuee.       Common  salt,  or  chloride  of  sodium,  consists  of — 

Chlorine,  CI       35*5  60*41 

Sodium,  Na       230  3959 

58"5  loooo 

and  is  found  on  our  globe  in  the  solid,  as  rock-salt,  as  well  as  dissolved  in  sea- water 
in  enormously  large  quantities.  It  occurs  as  rock-salt  in  extensive  layers  alternating 
with  those  of  clay  and  gypsum  at  an  average  depth  of  100  metres.  The  following  are 
a  few  of  the  localities  where  rock-salt  is  met  with  in  the  tertiary  formation: — 
Wieliczka,  Poland ;  the  northern  slopes  of  the  Csu^athian  mountains,  and  in  several 
districts  of  Hungary;  in  the  chalk  formation  of  Cardona,  Spain;  in  the  Eastern 
Alps,  Bavaria,  Salzburg,  Styria,  and  the  Tyrol.  Among  the  trias  formation  are  the 
salt  deposits  of  the  Toutoburg-wood,  Germany,  and  a  great  many  others,  among  them 
the  celebrated  Stassfurt  deposits.  In  England  rock-salt  is  found  in  Cheshire,  this 
ooonty  being  also  plentifully  supplied  with  saline  springs,  the  water  of  which  yields 
on  evaporation  an  abundance  of  salt.  Petroleum  wells  are  found  with  salt  in  many 
parts  of  Asiatic  Russia,  in  Syria,  Persia,  and  the  slopes  of  the  Himalaya.  Salt 
occnrs  plentifully  in  several  districts  of  Africa,  America,  and  other  parts  of  the 
world,  and  mixed  with  clay  and  marl,  formiug  salt-clay.  Salt  occurs  secondarily  by 
liaving  been  dissolved,  at  a  depth  varying  in  Germany  from  91  to  555  metres,  by 
water,  which  carries  it  again  to  the  surface,  there  forming  salt  springs  and  salt  lakes, 
from  which  the  salt  is  obtained  by  evaporation.  Among  the  salt  lakes  may  be 
noticed  the  lake  near  Eisleben,  Germany,  the  Elton  Lake  near  the  Wolga,  Russia,  the 
Dead  Sea,  and  the  Salt  Lake  of  Utah,  United  States. 

There  can  be  no  doubt  that  the  common  salt  met  with  in  salt  springs  owes  its 
origin  to  the  solvent  action  of  water  upon  rock-salt,  and  as  rock-salt  is  largely  met 
with  in  sedimentary  geological  formations,  the  prevalence  of  tliis  formation  in  Ger- 
many has  there  given  rise  to  a  large  number  of  salt  springs.  Common  salt  is  also 
found  in  sea- water,  and  if  obtained  by  its  evaporation  is  often  termed  sea- salt ;  or  if 
deposited,  as  is  the  case  in  the  Polar  regions,  by  intense  cold  on  the  surface  of  ice- 
fields, it  is  known  as  rassoL  Common  salt  is  largely  obtained  as  a  by-product  of 
some  chemical  operations,  as  in  the  conversion  of  sodium-nitrate  into  potassium- 
nitrate  by  the  aid  of  chloride  of  potassium. 

*''**8itirS!rS!?^iS?"°°  The  constituent  salts  of  sea- water  do  not  differ  in  any  part 
of  the  world ;  even  the  difference  in  quantity  is  very  small,  and  is  generally  due  to 
local  causes,  as  the  dilution  of  the  sea-water  by  river-water,  melting  icebergs,  &c. 
The  sp.  gr.  of  sea- water  at  17',  varies  from  1*0269  to  1*0289,  the  sp.  gr.  of  the  water 
of  the  Red  Sea  being  as  high  as  10306.    One  hundred  parts  of  sea- water  contain — 


Pacific 

Atlantic 

Oerman 

Bed 

Ocean. 

Ocean 

Ocean. 

Sea. 

Chloride  of  sodium     . . . 

25877 

27558 

2-5513 

3030 

Bromide  of  sodium     . . . 

00401 

00326 

00373 

0064 

Sulphate  of  potassa    . . . 

01359 

0*1715 

0*1529 

0295 

Sulphate  of  lim  e 

01 622 

02046 

0*1622 

0179 

Sulphate  of  magnesia ... 

0*1104 

00614 

00706 

0*274 

Chloride  of  magnesium 

04345 

0*3260 

04641 

0404 

Chloride  of  potassium... 

— 

— — 

0-288 

34708 

35519 

34384 

M 

4534 

2 

58-25 

7939 

8470 

7804 

7707 

7703 

3655 

1-37 

107 

— 

2*09 

248 

389 

4*57 



— 

— 

0*20 

— 

— 

11-38 

lOOO 

738 

973 

8'8i 

876 

786 

4520 

• 

— 

003 

— 

028 

049 

1-30 

085 

778 

060 

013 

382 

276 

4*63 

045 

19-68 

832 

496 

658 

8*34 

529 

— 
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The  composition  of  the  salt  contained  in  the  water  of  the  several  seas  is  shown  by 
the  following  table : —  ^ 

lis 

*  3  ^  (D 

$  S  •         S  *         O  • 

«  §  «o.2      go.2     ^o.S      C8  0.2 

I    i    -o    HI  III  III  fii 

I    I     I    IM  %h  IM  in 

Average  quantity  of  salt  and  water — 

Solid  salt 0-63        177        177        3-31        337        363      2230 

Water 99*37      9823      98*23      96'69      9663      9637      7770 

The  dissolved  solid  matter  consists  in  100  parts  of — 

Chloride  of  sodium  .. 

Chloride  of  potassium    1*27 

Chloride  of  calcium  . 

Chloride  of  magnesium  1000 

Bromides  of  sodium 
and  magnesium    ... 

Sulphate  of  lime 

Sulphate  of  magnesia 

Carbonates  of  lime  and 
magnesia       302        3*21        0*48        018        010         —  — 

Nitrogenous  and  bitu- 
minous matter      ...     —  —  —  —  —  —  100 

One  cubic  metre  (35*3165  cubic  feet)  of  sea- water  contains  consequently  about 
28  to  31  kilos  of  chloride  of  sodium,  and  5  to  6  kilos,  of  chloride  of  potassium. 
Chloride  of  sodium  (common  salt)  is  obtained  from  sea- water : — 

a.  By  the  evaporation  of  the  water  by  the  aid  of  the  sun's  heat. 

h.  In  winter,  by  freezing. 

0.  By  artificial  evaporation. 
Method  of^oM^n^common  ^his  method  of  obtaining  common  salt  from  sea- water  is 
limited  to  certain  of  the  coast-lines  of  Southern  Europe,  and  is  never  effected 
beyond  48**  N.  latitude.  The  countries  best  situated  for  this  industry  are  France, 
Portugal,  Spain,  and  the  coasts  of  the  Mediterranean.  The  arrangement  of  the 
salines,  or  aiJt-gardens,  is  the  following : — On  a  level  sea-shore  is  constructed  a 
large  reservoir,  which,  by  a  short  canal,  communicates  with  the  sea,  care  being 
taken  to  afford  protection  against  the  inroads  of  high  tides.  The  depth  of  water  in 
these  reservoirs  varies  from  03  metre  to  2  metres.  The  sea-water  is  kept  in  the 
reservoir  until  the  suspended  matter  has  been  deposited,  and  is  then  conveyed  by  a 
wooden  channel  into  smaller  reservoirs,  from  which  it  is  conducted  by  underground 
pipes  to  ditches  surrounding  the  salines,  where  the  salt  is  separated  from  the  water. 
The  salt  is  collected,  placed  in  heaps  on  the  narrow  strips  of  land  which  separate  the 
ditches  from  each  other,  and  sheltered  from  rain  by  a  covering  of  straw.  As  these 
heaps  are  left  for  some  time,  the  deliquescent  chlorides  of  magnesium  and  calcium 

*  Aooording  to  the  experiments  of  Baron  Sasa,  the  water  of  the  Baltic  from  the  Great 
Sound  between  the  Islands  of  Oesel  and  Moon  on^  contains  0*666  per  cent  of  solid  matter^ 
and  is  of  a  sp.  gr.  s  z*00474« 
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are  absorbed  in  the  soil,  consequently  the  salt  is  comparatively  pure.  The  mother- 
liqnor  is  used  in  the  production  of  chloride  of  potassium  (see  ante,  p.  119),  sulphate 
of  soda,  and  magnesia  salts,  the  process  employed  being  that  originally  suggested  by 
Professor  Balard,  and  afterwards  improved  by  Merle. 

ByFrMsinK.  This  proccss  is  based  upon  the  fact  that  when  a  solution  of  common 
sah  is  cooled  to  several  degrees  below  the  freezing-point,  it  is  split  up  into  pure  water, 
which  freezes,  and  a  strong  solution  of  salt.  The  solution  becomes  more  con- 
centrated by  repeated  freezing  and  removal  of  the  ice,  until  at  last  a  solution  is 
obtained  which  by  a  slight  evaporation  yields  a  crop  of  salt.  In  order  to  render  the 
product  purer,  some  lime  is  added  to  the  solution  before  evaporation  to  decompose 
the  magnesia  salts. 

ByAxtifldAiBTaponuon.      Commou  Salt  cvaporatcd  from  sea- water  by  the  aid  of  fuel, 
or  isl  ignifhre,  is  chiefly  prepared  in  Normandy,  in  the  following  manner : — The  sand 
impregnated  with  salt  is    employed   to    saturate    the  sea-water,  which  is  next 
evaporated.    Very  frequentiy  an  embankment  of  sand  is  thrown  up  on  the  shore,  so 
as  to  be  covered  at  high  tides  only ;  in  the  interval  between  two  tides  a  portion  of  the 
salt  dries  with  the  sand,  which  in  hot  summer  weather  is  collected  twice  or  three 
times  daily.    The  sand  is  lixiviated  in  wooden  boxes,  the  bottoms  of  which  are  con- 
structed of  loose  planks  covered  with  layers  of  straw;    the  sand  having  been 
put  in  the  boxes  sea-water  is  allowed  to  percolate  through  them  till  the  specific 
gravity  of  the  water  increases  to  i*  14  or  to  i  17,  the  density  being  observed  by  means 
of  three  wax  balls  weighted  with  lead.    The  salt  boilers  at  Avrauchin  consider  that  a 
solution  or  brine  of  116  sp.  gr.  is  the  most  suitable  for  evaporation.    The  evapora- 
tion is  carried  on  in  leaden  pans,  and  during  the  process  the  scum  is  removed  and 
fresh  brine  added  until  the  salt  begins  to  crystallise  out,  when  again  a  small  quantity 
of  brine  is  added  to  produce  more  scum,  which  is  at  once  removed,  and  the  evapo- 
ration continued  to  dryness.     The  salt  thus  obtained,  a  finely  divided  but  very 
impure  material,  is  put  into  a  conical  basket  suspended  over  the  evaporating  pan, 
the  object  being  to  remove  by  the  action  of  the  steam  the  deliquescent  chlorides  of 
calcium  and  magnesium.     The  salt  is  next  transferred  to  a  warehouse,  the  floor 
of   which  is  constructed  of  dry,  well-rammed,  exhausted  sand,  and  here  it  is 
gradually  purified  by  the  loss  of  deliquescent  salts,  the  consequent  decrease  in  weight 
amounting  to  20  to  28  per  cent.    700  to  800  litres  of  brine  yield,  according  to  the 
quantity  of  salt  contained  in  the  sand,  150  to  250  kilos,  of  salt.    A  very  similar 
method  is  in  use  at  Ulverstone,  Lancashire. 

At  Lymington  and  the  Isle  of  Wight,  sea-water  is  concentrated  by  spontaneous 
evaporation  to  one-sixth  of  its  original  bulk,  the  brine  being  then  evaporated  by  the  aid 
of  artificial  heat.  In  the  neighbourhood  of  Liverpool  salt  is  obtained  by  employing 
sea- water  in  refining  crude  rock-salt ;  in  this  way  at  least  23  per  cent  of  common 
salt  results  as  a  by-product.  During  a  continuation  of  hot  summer  weather,  salt  is 
deposited  from  the  water  of  many  of  the  salt  lakes  in  immense  quantities,  amounting, 
for  instance,  at  the  Elton  Lake,  Russia,  to  20  millions  of  kilos. 

Boek-Mjt  This  mineral  is  frequentiy  accompanied  by  anhydrite,  clay,  and  marl, 
and  is  sometimes  found  in  what  are  termed  pockets  of  irregular  shape,  interspersed 
with  clay.  Again,  in  some  cases  saline  deposits  are  separated  by  layers  of  marl. 
With  rock-salt  other  minerals  sometimes  occur,  as,  for  instance,  brongniartine 
(NatS04+CaS04),  near  Villarubia,  in  Spain,  and  the  remarkable  minerals  of  the 
salt  deposit  near  Stassfurt.  Above  the  latter  deposit  is  a  layer  65  metres  thick, 
of  bitter,  many  coloured,  deliquescent  salts,  consisting  of  55  per  cent  of  camallite. 
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Bylvin,  and  kamite ;  25  per  cent  of  common  salt ;  16  per  cent  of  kieserite ;  and  4  per 
cent  of  chloride  of  magnesium.  As  this  saline  layer  contains  12  per  cent  of 
potassa  it  is  an  important  deposit  in  an  industrial  sense. 

The  composition  of  rock-salt  is  as  follows : — 

I.  White  rock-salt  from  Wieliczka;  II.  White,  and  m.  yellow  rock-salt  from 
Berchtesgaden ;  IV.  From  Hall  in  the  Tyrol;  V.  Detonating  salt  from  Hallstadt ; 
VI.  From  Schwabischhall. 

n.         m.         IV. 
9985      9992      9943 


I. 

Chloride  of  sodium  loo'oo 

Cliloride  of  potassium  — 

Chloride  of  calcium  — 

Chloride  of  magnesium  traces 

Sulphate  of  lime  — 


V. 

9814 
traces 


traces 
015 


007 


0-25 
012 
020 


VI. 

9963 
009 

028 


1-86  — 
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The  so-called  detonating  salt,  found  at  Wieliczka  in  crystalline-granular  masses, 
has  the  property  when  being  dissolved  in  water  of  giving  rise  to  slight  detonations 
accompanied  by  an  evolution  of  hydrocarbon  gas  from  microscopically  small  cells, 
the  walls  of  which  becoming  thin  when  the  salt  is  dissolved  in  water,  give  way,  and 
cause  the  report.  If  the  solution  of  the  salt  takes  place  naturally  in  tlie  mine,  the 
gas  partly  escapes,  partly  becomes  condensed,  forming  petroleum,  often  met  with  in 
beds  of  rock-salt.  The  minerals  of  the  salt  deposit  of  Stassfurt  are,  according 
to  MM.  Bischof,  Reichardt,  Zincke,  and  others,  the  following : — 


2    • 
Anhydrite  ....-     CaS04    100  of  Sulphate  of  lime    2968 


Chemical 
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In  100  parts  are 
contained : 


100  parts  of 
water  dis- 
solve at 

isr  c. 
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Synonyms 
and  Obser- 
vations. 

Karstenite. 


2682  Magnesia 


Boracite 


/  2002  Magnesia  \ 

I B16O30CI2  65*57  Boric  acid  I 

"*1       Mg7      106 1  Magnesium chlo-' 

V  ride  J 


29 


.^^^*    I  Stassfurtite. 
insoluble 


Camallite 


2676  Chloride  of  potas-' 


Slum 


Red  oxide  of 
iron 

Kieserite 


Afiu  A  34*50  Magnesium  chlo- 1  i'6i8 
3874  Water  j 

Fe^Os     100  of  Oxide  of  iron         335 
MffSO  4-  ®7'^°  Sulphate  of  mag-' 


645 


Contains 
Bromine. 


Insoluble.  — 


HaO* 


nesia 
12*90  Water 


2-517 


409 


Martinsite? 


1 


'  4518  Sulphate  of  lime 

2CaS04  1993  Sulphate  of  mag 

PolvhaUte       ■<   MgS04  nesia 

I'oiynaute  ...-^    ^^^^^    ^g.^  Sulphate  of  po 

2HsO  tassa 

599  Water 

*  According  to  Bammelsberg  it  is  probable  that  kieserite  is  originally  an  anhydrous 
mineral,  a  conclusion  which  seems  justified  by  the  variable  quantity  of  water  found  in 
different  analyses. 


I  Is  decom- 
posed while 
being  dis- 
solved 
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Chemical 
fonnnla. 


In  100  parts  are 
contained : 


I'd 


& 


100  parts  of 

water  dis- 

soWe  at 

isrc. 


Bock-salt    ...         NaCl       100 Chorideof Bodium     2200        362 


Synonyms 
and  Obser- 
vations. 


Sylvin 


KCl 


100  Chloride  of  potas- 
sium 


1 


2025        345 


Tachhydrite 


Kainite 


Schonite  or 
Pikromerite 


21  50  Chloride  of  cal- 
CaCla  cium 

2MgCla    3698  Chloride  of  mag- 
12H2O  nesium 

41  52  Water 


KaS04 


3634  Sulphate  of  po- 
tassa 


M^SO*     *5'24  Sulphate  of  mag- 

73  /?   .  1 8*95  Magnesium  chlo- 
^^^^  ride 

1 9*47  Water 

43"  18  Sulphate  of  po-\ 
K3SO4  tassa 

MgS04    2985  Sulphate  of  mag- }■ 
6H2O  nesia 

2697  Water. 


1671       i6o'3 


Contains 
Bromine. 


Sylvin  is  also  found  in  large  quantities  in  the  salt  deposit  near  KaJucz,  G^cia. 

Mode  of  woridiw  Boek^ait.  Rock-salt,  like  Other  minerals  and  according  to  its  mode  of 
occurrence,  is  either  quarried  or  mined.  If  it  happens,  however,  that  the  rock-salt 
is  mixed  with  other  minerals,  clay,  gypsum,  dolomite,  &c.,  a  solution  in  water  is 
effected,  which  is  pumped  up  from  the  mine  as  a  concentrated  brine.  In  many 
instances  rock-salt  is  wrought  in  extensive  and  deep  mines,  as  in  the  celebrated  rock- 
salt  mines  of  Wieliczka. 

Mod*  of  Working  sait-KpriuRt.  Natural  salt-spriugs  sometimes  occur  which  have  been 
imitated  artificiaUy  by  boring  to  a  great  depth  into  layers  of  earth  containing  saline 
deposits.  In  this  manner  a  brine  may  be  obtained  sufficiently  concentrated  to 
be  at  once  boUed  down.  The  method  of  working  the  natural  salt-sp|ings  is  to  form 
a  convenient  reservoir  from  which  the  saline  solution  is  immediately  pumped  up  for 
the  purpose  of  being  gradated  (see  p.  168).  The  solution  previous  to  being  boiled 
down  is  left  to  allow  the  suspended  matter  to  settle.  The  salt-springs  obtained 
by  boring  either  yield  a  native  brine,  or  the  borings  are  carried  into  solid  rock-salt 
and  water  caused  to  descend  into  the  salt  deposit.  This  artificial  brine  is  then  pumped 
up,  unless  there  is  naturally  an  artesian  formation.  The  brine  previous  to  further 
operations  is  left  for  some  time  in  reservoirs  to  deposit  suspended  insoluble  matter. 

These  saUne  solutions  are  not  always  free  from  impurities ;  in  considering  their  admixture 
brine  may  be  divided  into  two  classes ;  the  first  containing  sulphate  of  magnesia  or  soda, 
with  chloride  of  magnesium;  the  other  class  embraces  brine  containing  the  chlorides 
of  calcium  and  magnesium.  If  the  brine  happens  to  pass  through  peaty  soil  or  layers  of 
lignite,  there  often  accrues  organic  matter,  humio,  cronic,  and  apocrenic  acids.  * 
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**'*^^^^mS!T°      ^^^"^  operation  is  duplex  and  consists  in — 

a.  Concentrating  the  brine. 

a.  By  increasing  the  quantity  of  salt. 
p.  By  decreasing  the  quantity  of  water. 

b.  The  boiling  down  of  the  concentrated  brine. 

ooDMntnttiiicthaBzin*.  Native  brines  or  salt-springs  seldom  contain  enough  common 
salt  to  make  it  profitable  to  boil  them  down  at  once ;  it  is  consequentiy  necessary  to 
enrich  the  brine,  and  this  may  be  done  either  (a)  by  dissolving  in  it  rock-salt 
or  crude  sea-salt,  neither  being  suited  for  culinary  and  many  other  purposes  unless 
refined,  or  (/3)  by  decreasing  the  quantity  of  water  without  the  use  of  fuel. 

suidiingbyoxBdmtion.  The  enriching  or  concentration  of  a  brine  by  decreasing  the 
quantity  of  water  it  contains  is  called  a  gradation  process,  and  may  be  proceeded 
with  by  freezing  off  the  water  in  winter  time,  or  more  generally  by  evaporating  the 
water  by  a  true  gradation  process ;  either — a.  Gradation  by  the  effect  of  the  sun's 
rays.    b.  Table  gradation,    o.  Eoof  gradation,    d.  Drop  gradation. 

Gradation  by  means  of  the  son's  rays  is  obviously  the  same  method  of  procedure  as 
that  described  under  the  treatment  of  sea-salt.  Table  gradation  has  been  only  experi- 
mentally tried  at  Beichenhall,  and  consists  simply  in  causing  the  brine  to  flow  slowly 
from  a  reservoir  down  a  series  of  steps,  oonstmcted  so  as  to  give  as  much  surface  as  pos- 
sible,  and  thus  hasten  the  evaporation.  Boof  gradation  is  effected  by  utilising  the  roofs 
of  the  large  tanks  containing  the  brine  as  evaporation  surfaces,  by  causing  the  contents  of 
the  tanks  to  flow  in  a  thin  but  constant  stream  over  the  roofs,  which,  of  course,  are 
exposed  to  the  open  air. 

F^«got  ondation.  This  Operation,  also  known  as  drop  gradation,  is  carried  on  by 
means  of  the  following  apparatus,  termed  gradation  house,  and  consisting  of  a  frame- 
work of  timber,  fitted  with  faggots  of  the  wood  of  Pninus  spinosa,  which  being 
thorny,  presents  a  large  surface.  The  entire  construction  is  built  over  a  water-tight 
wooden  tank,  which  receives  the  concentrated  brine,  and  frequently  the  top  of 
the  gradation  house  is  provided  with  a  roof.  Under  the  roof  and  above  the  faggots 
a  water-tight  tank  is  placed  containing  the  brine  to  be  gradated;  this  tank  is 
provided  with  a  number  of  taps,  from  which  the  brine  trickles  into  channels  provided 
with  holes  to  admit  of  the  brine  falling  on  the  faggots.  These  taps  are  placed 
on  both  sides  of  the  gradation  house,  and  are  generally  connected  with  levers  to 
admit  of  being  readily  turned  on  and  off  from  below.  The  gradation  process  is  con- 
tinued until  the  brine  is  suflficientiy  concentrated  to  admit  of  being  further  evapo- 
rated by  the  aid  of  fuel ;  the  brine  may  be  gradated  to  contain  26  per  cent  of  salt, 
but  the  operation  is  rarely  carried  so  far. 

The  gradatiffi  process  not  only  serves  the  purpose  of  concentration,  but  also  that 
of  purifying  the  brine,  as  some  of  the  foreign  salts  are  deposited  on  the  faggots,  this 
deposit  of  course  varying  in  composition  according  to  the  constituents  of  the  brine, 
but  chiefly  consisting  of  carbonate  of  lime,  with  the  sulphates  of  potassa,  soda,  and 
magnesia.  The  deposit  has  in  some  instances  been  used  as  manure.  In  the  tanks 
where  the  gradated  brine  is  collected  another  slimy  deposit  is  gradually  formed,  con- 
sisting of  gypsum  and  hydrated  oxide  of  iron.  As  in  the  present  day  the  brine 
obtained  from  bored  wells  is  generally  suflSciently  concentrated  to  be  at  once  boiled 
down,  gradation  is  less  frequent,  being  a  very  slow  process  and  involving  a  loss  of 
the  salt  carried  off  by  the  wind. 

Bouiof  down  iiM  Briae.  The  objoct  is  to  obtain  with  the  least  possible  expenditure  of 
fuel  the  largest  quantity  of  pure  dry  salt.    Formerly  the  evaporation  was  carried  on 
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in  large  cauldrons,  bat  at  the  present  time  evaporating  vessels  are  constmoted  of 
well  rivetted  boiler-plate,  the  shape  being  rcctangolar,  the  length  10  metres,  depth 
0'6  metre,  and  width  from  4  to  6  metres.  These  pans^^  are  supported  by  masonry, 
which  also  serves  to  separate  the  flues.  Over  the  pans  a  hood  is  fixed  and  con- 
nected with  a  tube  carried  to  the  outside  of  the  building  to  afford  egress  to  the 
steam.  The  brine,  concentrated  to  contain  from  18  to  26  per  cent  of  salt,  is  poured 
into  the  pans  to  a  depth  of  0*3  metre. 

The  boiling  down  process  is  in  many  salt  works  conducted  in  two  different  opera- 
tions:— 

a.  The  evaporation  of  water  to  produce  a  brine  saturated  at  the  boiling-point. 

b.  The  boiling  down  of  the  saturated  brine  until  the  salt  crystallises  out. 

The  boiling  down  is  generally  carried  on  for  several  weeks,  the  scum  being 
xemoved,  and  also  the  gypsum  and  sulphate  of  soda  deposited  at  the  bottom  of  the 
pan,  with  perforated  ladles.  As  soon  as  a  crust  of  salt  is  formed  on  the  surface  of 
the  liqoid,  a  temperature  of  50°  is  maintained.  At  this  stage  the  salt  is  gradually 
deposited  at  the  bottom  of  the  pan  in  small  crystals,  and  being  removed,  is  put  into 
eonical  willow  baskets,  which  are  hung  on  a  wooden  support  over  the  pan  to  admit  of 
the  mother-liquor  being  returned  to  it.    Finally,  tlie  salt  is  dried  and  packed  in  casks. 

The  quantity  of  mother-liquor  collected  after  boiling  for  some  two  or  three  weeks  is, 
compared  with  the  quantity  of  brine  evaporated,  very  small ;  it  was  formerly  thrown  away 
or  used  for  baths,  but  is  now  employed  for  the  preparation  of  chloride  of  potassium,  the 
gnlphates  of  soda  and  magnesia,  artificial  bitter  water,  and  in  some  instances  for  pre- 
paring bromine.  It  is  evident  that  by  the  boiling  down  all  the  salt  contained  in  the  brine 
is  not  reduced  as  dry  refined  salt,  a  portion  being  retained  among  the  early  deposit  formed 
at  the  bottom  of  the  pan,  another  portion  remaining  in  the  mother-liquor,  and  fincdly 
Bome  loss  accrues  from  the  nature  of  the  operations,  amounting  generally  from  4  to  9*25 
per  cent.  As  in  some  countries  salt  is  an  article  upon  which  an  excise  duty  is  levied,  in 
order  that  it  may  be  employed  duty  free  for  certain  industrial  purposes,  it  is  mixed  in 
variouB  proportions  with  substances  rendering  it  unfit  for  culinary  use. 

prop«ti«^comm<m  Chloride  of  sodium  crystallises  in  cubes,  the  size  of  the  crystals 
determining  the  varieties  kno\vn  in  the  trade  as  coarse,  medium,  and  fine  grained 
salt,  and  depending  upon  tlic  rate  of  evaporation  of  the  brine,  a  slow  evaporation 
producing  very  coarse  salt.  Perfectly  pure  common  salt  is  not  hygroscopic,  but  the 
ordinary  salt  of  commerce  contains  small  quantities  of  tlie  chloride  of  magnesium 
and  sodium.  Usually  salt  contains  from  25  to  55  per  cent  water,  not  as  a  constituent, 
but  as  an  intermixture;  hence  the  phenomenon  called  decrepitation,  duo  to  the 
breaking  up  of  the  crystals  by  the  action  of  tlie  steam  when  salt  is  heated.  Ignited 
to  a  strong  red  heat  clilondc  of  sodium  fuses,  forming  an  oily  liquid,  and  at 
a  strong  white  heat  is  volatilised  without  dc(;omposition.  Common  salt  is  readily 
soluble  in  water,  and  is  one  of  tlie  few  salts  almost  equally  soluble  in  cold  and  in  hot 
water;  100  parts  of  water  at  12°  dissolve  35'9i  parts  of  common  salt. 

In  order  to  express  the  quantity  of  salt  contained  in  a  brine,  it  is  usual  to  say  the 
brine  is  of  a  particular  fineness,  strength,  or  percentage ;  for  instance,  a  brine  at 
15  per  cent  contains  in  100  parts  by  weight  15  parts  of  salt  and  85  parts  of  water. 
The  Orddigkeit  or  degree  of  a  brine  means  the  quantity  of  water  which  holds  in  solution 
I  part  by  weight  of  salt ;  a  brine  of  15  6  Orddigkeit  contains,  therefore,  i  part  by 
weight  of  common  salt  in  15*6  parts  of  water.  The  poundage  (Pfiindigkeit)  of  a 
brine  indicates  in  pounds  tlie  quantity  of  salt  contained  in  a  cubic  foot  of  brine. 
The  following  table  shows  the  percentage  of  salt  contained  in  brines  of  the  several 
specific  gravities :— 
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Salt  per  cent. 

Sp.gr. 

Salt  per  oent. 

Sp.  gr. 

Salt  per  oent. 

Sp.gr. 

I 

10075 

75 

10565 

16                1 

[•1206 

15 

10113 

8 

1*0603 

17                ] 

I  1282 

2 

10151 

8-5 

I  0641 

18                ] 

II357 

25 

10188 

9 

I  0679 

19                ] 

I  1433 

3 

I  0226 

95 

10716 

195             ] 

[•1510 

35 

I  0264 

10 

10754 

20                ] 

ti593 

4 

I  "0302 

105 

10792 

21                ] 

[•1675 

45 

10339 

II 

I  0829 

22                ] 

[•1758 

5 

10377 

11-5 

10867 

23                1 

[•1840 

55 

10415 

12 

I  0905 

24                ] 

['1922 

6 

10452 

13 

I  0980 

25                ] 

['2009 

6-5 

1*0490 

14 

I -1055 

2639           ] 

[•2043 

7 

10526 

15 

11131 

uiM  Of  commoa  ^^  ^^  ^^^  necessary  to  enter  into  partioolars  on  this  subject.  Salt  is  used 
Salt.  as  a  necessary  condiment  to  food ;  a  man  weighing  75  kilos,  contains  in  his 
body  0*5  kilo,  of  common  salt,  and  requires  annually  775  kilos,  to  maintain  this  supply. 
Common  salt  is  used  in  agriculture,  and  is  as  necessary  for  cattle  and  horses  as  for  man. 
It  serves  industrially  in  the  preparation  of  soda,  chlorine,  sal-ammoniac,  in  tanning, 
in  many  metallurgical  processes,  the  manufacture  of  aluminium  and  sodium.  Further, 
it  is  employed  in  the  glazing  of  the  coarser  kinds  of  pottery  and  earthenware,  from  the 
fact  that  when  common  salt  is  fused  with  a  clay  contioning  iron,  the  sodium  is  oxidised 
at  the  expense  of  the  iron,  and  forms  soda,  which,  combining  with  the  alumina  and  silica, 
supplies  a  glaze,  while  the  iron  combining  with  the  chlorine  is  volatilised.  The  uses  of 
oommon  salt  for  the  preservation  of  wood,  for  curing  meat,  preserving  butter,  cheese,  &c., 
are  too  well  known  to  require  explanation.  Among  the  salt-producing  countries  of 
Europe,  England  takes  the  lead,  producing  annually  32,400,000  owts.,  while  Germany 
only  produces  10,  and  Bussia  20  million  owts. 


Manufacture  of  Soda. 

(Soda  or  Sodium  carbonate,  Na2C03=io6.    In  100  parts,  58*5  parts  soda  and 

41  5  parts  carbonic  acid.) 

BodA.      All  the  soda  commonly  used  is  derived  from  tlie  three  undermentioned 

sources: — 

a.  Natural  or  native  soda ; 

p.  From  plants ; 

y.  Chemical  production. 


Ooeamnee  of  NatlTe 
Sod*. 


a.  Native  Soda. 
Soda  is  found  in  many  mineral  waters,  as  at  Karlsbad,  where  the 
waters  yield  annually  133,700  cwts.  of  carbonate  of  soda,  and  at  Burtscheid,  Aix-la- 
Chapelle,  Vichy,  and  the  Geyser,  in  Iceland.  Soda  occurs  as  an  efflorescence  on 
some  kinds  of  rocks,  chiefly  of  volcanic  origin,  as  trass  and  gneiss.  Sesquicarbonate 
of  soda,  C308Na4+3HaO,  is  met  with  in  large  quantities  in  the  water  of  the  so-called 
soda  lakes  of  Egypt,  Central  Africa,  the  borders  of  the  Caspian  Sea  and  Black  Sea, 
in  California,  Mexico,  and  elsewhere.  During  the  hot  summer  season  a  portion  of 
the  level  country  of  Hungary  is  covered  with  an  efflorescence  of  carbonate  of  soda, 
locally  known  as  SziksOy  which  is  collected  and  brought  to  market.  The  Egyptian 
name  for  soda  is  TroNa,  hence  the  German  term  Natron.  The  soda  locally  known 
in  Columbia  as  Urao  is  obtained  from  a  lake.  La  Laf^unilla,  distant  48  miles  from 
the  town  of  Merida.     During  the  hot  season  the  urao  crystallises  from  the  water. 
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and  is  gathered  from  the  bottom  of  the  lake  at  a  depth  of  3  metres  by  divers,  with 
great  risk  of  their  lives ;  the  annual  quantity  collected  amounts  to  1600  cwts.  When 
he  Spaniards  were  in  possession  of  this  territory  the  urao  was  a  government 
monoply,  and  was  brought  to  Venezuela  for  the  preparation  of  Mo  or  inspissated 
tobacco  juice.  Very  recently  an  inexhaustible  supply  of  native  soda  has  been  found 
in  Virginia.* 

Various  theories  have  been  proposed  to  explain  the  origin  of  native  soda,  but  here 
as  in  other  instances  it  is  best  to  bear  in  mind  that  a  posse  ad  esse  non  valet  conclusio. 
Native  soda  is  rarely  exported  from  the  countries  w^here  it  is  found  and  collected* 
excepting  the  Egyptian  Tro-Na,  which  is  brought  to  Venetia  for  glass  mftlring 
purposes  and  met  with  in  the  trade  in  the  shape  of  biicks  made  up  with  sand. 

/3.  Sodnfrom  Plants,  or  Soda-ash. 

**SdfiSn^t?i!St^'  When  treating  in  a  former  chapter  of  potassa  we  saw  that  the 
ash  of  plants,  especially  of  those  grown  at  a  considerable  distance  from  the  sea, 
contains  carbonate  of  potassa ;  likewise  that  plants  grown  near  the  sea-shore  and  in 
the  localities  known  as  salt  steppes  yield  an  ash  which  contains  more  or  less  soda 
in  the  living  plant  combined  with  sulphuric  and  organic  acids,  and  which  under  the 
influence  of  the  carbonate  of  lime  is  during  the  ignition  of  the  plant  converted  into 
carbonate  of  soda.  In  addition  to  the  species  of  Fucm  growing  in  the  sea  itself, 
the  genera  known  as  Salsola,  AiripleXy  Salicornia,  &c.,  are  employed  for  the 
preparation  of  soda,  and  imtil  lately  were  largely  cultivated  for  this  purpose.  The 
process  of  obtaining  soda  from  these  plants  simply  consists  in  burning  them  in  pits 
dug  in  the  sand  near  the  sea-shore,  the  heat  of  the  combustion  becoming  so  intense 
as  to  cause  the  ash  to  ilux,  so  that  after  cooling  the  material  forms  a  hard  slag-like 
mass,  termed  in  tlie  trade  crude  soda  or  soda-ash,  the  quantity  of  carbonate  of  soda 
it  contains  vaiying  from  3  to  30  per  cent.  This  new  material  is  refined  by  exhausting 
with  water,  and  evaporating  the  Hquor.  From  the  difierent  plants  and  modes  of 
preparation  employed  we  obtain  the  following  distinctions  in  kind : — 

a.  Barilla,  from  Alicante,  Malaga,  Carthagena,  the  Canary  Islands,  and  the  Barilla 
soda  {Saltola  soda)  produced  on  the  Spanish  coast ;  contains  on  an  average  from  25  to  30 
per  cent  of  carbonate  of  soda. 

b.  Salicor,  or  soda  from  Narbonne,  obtained  by  the  ignition  of  the  Salicomia  armua^ 
planted  purposely,  and  gathered  when  the  seed  is  ripe ;  contains  about  14  parts  of  carbonate 
of  soda. 

c.  Blanquette,  or  soda  from  Aignes-Mortes,  prepared  from  the  plants  growing  wild  on 
the  tract  of  comparatively  barren  land  lying  between  Aigues-Mortos  and  Frontignan,  vLb., 
the  Salicomia  Europca^  SaUola  tragiM,  SaUola  kali,  Statice  limonium,  Atriplex  por- 
tulacoides.    This  soda  only  contains  from  3  to  8  per  cent  of  sodic  carbonate. 

d.  Araxcs  soda,  of  about  the  same  value  as  the  preceding,  is  largely  used  in  Southern 
Bussia,  and  is  obtained  from  plants  of  the  mountain  plateau  of  the  Araxes  in  Armenia, 
where  the  soda  is  prepared. 

«.  Of  less  value  oven  than  the  preceding  is  the  Varec  soda,  obtained  on  the  coasta  of 
Normandy  and  Brittany  from  the  goemon,  Fucus  ve8i4mlosus,^ 

/.  Kelp  is  obtained  in  Scotland  and  the  Orkneys  by  the  combustion  of  various  sea- weeds, 
the  Fucus  iterratns,  F.  nodosus,  Laminaria  difjitata,  and  Zostera  marina.  Notwithstanding 
that  4S0  cwts.  of  dried  plants  only  yield  20  cwts.  of  kelp,  containing  no  more  than  from 
50  to  100  lbs.  of  sodic  carbonate,  20,000  people  are  occupied  in  the  Orkneys  alone  in  the 
preparation  of  kelp. 

g.  Among  the  varieties  of  soda  derived  from  plants  may  be  mentioned  that  obtained 
in  considerable  quantity  from  the  vinasse  of  beet-root,  but  this  soda,  according  to 
Ti8Bandier*8  analysis,  always  contains  carbonate  of  potassa. 

•  See  "  Chemical  News,"  vol.  xxi.,  p.  129. 
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y.  Soda  prepared  by  Chemical  Processes. 
BodAgrai^^niieai  ^  Leblanc,  the  inventor  of  the  successful  method  of  converting 
common  salt  into  carbonate  of  soda,  may  indeed  be  considered  as  an  immediate 
benefiustor  to  his  countrymen,  who,  until  the  latter  half  of  the  last  century,  annually 
paid  20  to  30  millions  of  francs  to  Spain  for  barilla.  The  war  which  broke  out  in 
179a  terminated  the  importation  of  soda,  potash,  and  saltpetre  into  France,  and 
hence  the  Comity  du  Salut  Public  decreed  in  1793,  amongst  other  measures,  that 
all  soda  manufacturers  should  give  the  fullest  particulars  of  their  mode  of  working, 
and  the  processes  they  imagined  might  be  used  on  the  large  scale  to  obtain  soda 
equally  good  and  cheap  as  that  from  barilla  without  the  use  of  that  or  any  similar 
material.  The  manufacturer  Leblanc  was  the  first  who  sent  in  fiill  particulars  on 
this  subject,  and  his  process  was  declared  by  the  committee  to  be  the  best  and  most 
suitable,  the  verdict  standing  unshaken  to  the  present  day,  which  witnesses  the 
improvement  of  the  recovery  of  the  sulphur  from  the  soda  waste. 
LoUane't  prooeiB.      This  uow  consists  in  the  following  stages : — 

a.  The  preparation  of  sulphate  of  soda  from  salt  by  the  aid  either  of  sulphuric 
acid  or  sulphates,  or  by  the  roasting  of  common  salt  with  iron  pyrites  or 
other  native  metallic  sulphurets. 
h.  Conversion  of  the  sulphate  into  crude  soda  by  roasting  with  a  mixture  of 

chalk  and  small  coal. 
0.  Conversion  of  the  crude  soda  into  refined  soda  or  caustic  soda  by  lixiviation 

and  evaporation. 
d.  Recovery  of  the  sulphur  from  the  soda  waste. 

DwSSSj'^iiuice.  ^'  ^®  °^^s*  usual  mode  of  converting  common  salt  into  sul- 
phate of  soda  is  by  the  action  of  sulphuric  acid.  The  condensation  of  the  hydro- 
chloric acid  gas  is  generally  effected  by  a  method  introduced  in  1836  by  Mr.  Gossage, 
and  consisting  in  the  use  of  a  contrivance  known  as  coke-  or  condensing-towers. 
These  are  square  buildings  from  12  to  14  metres  in  height,  by  an  interior  width  of 
1*3  to  1*6  metres,  constructed  of  stone  not  acted  upon  by  hydrochloric  acid,  the 
joints  being  cemented  with  a  mortar  made  of  coal-tar  and  fire-clay.  To  nearly  the 
top  these  buildings  are  divided  by  a  wall,  each  compartment  thus  formed  being 
fiUed  with  pieces  of  coke  resting  on  a  perforated  stone  floor.  Water  is  caused  to 
flow  constantly  from  the  top  of  the  tower  on  to  the  coke.  The  hydrochloric  acid  gas 
resulting  from  the  decomposition  of  the  salt  by  sulphuric  acid  is  conducted  by  means 
of  stoneware  tubes  to  the  bottom  of  the  first  compartment  of  the  condensing-tower, 
and  there  meeting  with  the  moist  coke  is  condensed  to  within  95  per  cent  of  the 
entire  quantity,  the  other  compartment  of  the  condensing-tower  being  usually  in 
direct  connection  with  the  chimney-shaft  of  the  alkali- works.  The  decomposition- 
furnaces  at  fijTst  in  use  were  reverberatory  furnaces  so  constructed  that  the  smoke 
and  gases  from  the  combustion  of  the  coals  and  the  hydrochloric  acid  gas  passed  off 
together,  and  as  a  consequence  the  hot  gases  were  not  in  the  best  condition 
for  condensation.  The  furnace  now  in  general  use  is  that  invented  in  1836  by 
Gk>8sage,  and  improved  in  1839  by  Gkunble,  who  was  the  first  to  arrange  the  two 
phases  or  stadia  of  the  decomposition  in  the  separate  compartments,  o  and  £,  of  the 
furnace  exhibited  in  Fig.  71.  This  arrangement  has  been  used  for  a  very  long 
period,  the  alkali  manufacturers  employing  a  reverberatory  furnace  which  could  be 
put  into  communication  at  pleasure  with  a  kind  of  muffle,  the  bottom  consisting  of  a 
stout  cast-iron  plate,  the  flame  from  the  furnace -grate  being  made  to  play  against 
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this  moffle  prerionsly  to  entering  the  chimney.  The  muffle  commtmicated  with  a 
condansing  ApporattiB,  u  u'.  According  to  tbia  phui  of  working,  the  common  salt 
waa  placed  in  o,  and  well  warmed  snlphuric  add  made  to  flow  over  it ;  a  verj  Btiong 
and  Tiolant  reaction  took  place,  and  half  or  nearly  two-thirds  of  the  hydrochlorio 
acid  formed  was  readily  condcnBed.  as  it  was  not  mixed  with  the  hot  gases  of  the 
oombnaticai.  The  product  resulting  from  this  mode  of  operation  was  a  mixture  of 
bimlphate  of  soda  aad  common  salt,  2NaCl+H,S0^=NaHS04+NaCl+HCL 
Thia  tnixbiTe  whs  next  shovelled  into  the  reverberatory  furnace,  e,  the  muffle  being 
again  charged  with  salt  and  acid.  By  the  intense  heat  of  the  reTerberatory  fornaee 
the  mixture  of  bisulphate  of  soda  and  common  stilt  was  converted  into  nentrat 
BUlphate,  NaHSO,+  NaCl=NajS04+HCl;  the  hydrochloric  acid  gas  evolved  in 
thia  operation  was.  however,  condensed  with  difficulty,  in  consequence  of  beit^ 
mixed  with  nitrogen,  carbonic  acid,  and  carbonic  oxide ;  and  besides  the  condeosillg- 


towers  other  and  complicated  apparatus  were  required  to  prevent  the  escape  of  acid 
fumes  into  the  air.  These  defects  have  been  remedied  in  the  constniotiou  of  an 
improved  decomposition -furnace. 

■•w  DiuiaiHaiUai-rEnua.  Thia  fuiTiace  consists  of  two  mufflea,  one  of  cast-iron,  the 
other  of  fire-bricks ;  the  interior  of  the  former  is  a  segment  of  a  hollow  sphere  of 
9  feet  or  274  metres  diameter,  and  i  foot  9  JBches  or  o'5a  metre  deep,  resting  on 
brick-work.  A  cast-iron  lid  is  provided,  in  shape  also  a  segment  of  a  sphere,  having 
ft  depth  in  the  centre  of  i  foot  or  0*30  metre ;  in  this  hd  are  arranged  two  openings 
with  suitable  doors,  through  one  of  which  the  common  salt  is  introdnced,  while  the 
other  communicates  with  the  second  mnffle.  The  hearth  is  placed  obliquely,  tfaa 
flames  Bret  playing  on  the  lid,  and  then  passing  under  the  muffle :  accordingly  the 
hydrochloric  acid  gas  is  unmixed  with  other  gases,  and  its  temperature  being  00m- 
paratively  low,  condensation  is  more  readily  efiected.  The  second  01  brickwork  muffle 
encloeesaspaceof  30  feet  or  914  metres  in  length,  by  9  feet  or  274  metres  in  width; 
under  the  floor  of  this  room  a  series  of  flues  or  channels  are  built,  while  the  top  is 
formed  of  a  double  vault  to  admit  the  eircniatiou  of  the  flames,  which  are  next  con- 
ducted through  the  channels  under  the  floor. 
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The  mode  of  operation  ib  as  follows : — Into  die  iron  muffle,  previously  well  heated. 
lialfa  ton  of  common  Bait  is  introilaced.  to  which  is  added  sulphuric  acid  of  17  sp.gr., 
the  quantity  of  the  acid  being  regulated  so  aa  to  leave  i  to  3  per  cent  of  salt  undc- 
oompoBed  in  order  to  obtain  a  perfectly  neutral  Bolphate.  100  parts  of  salt  require 
for  their  complete  decompoaition  95  parts  of  an  acid  at  60°  B,  —  17  sp.  gr.,  or 
I04partBof  an  aoidat  55°  B,  —  itz  ap.gr.  The  mixture  of  acid  and  Bait  ia  occasion- 
ally well  etirred,  and  alter  the  lapse  of  il  hours  has  become  aufBciently  dry  to  be 
ntked  over  into  the  brick-work  compartment  of  the  oven,  which  is  kept  at  a  bright 
red  heat  to  asBiat  the  expulsion  of  the  hydrochloric  acid  gas.  If  it  is  desired  to 
obtain  a  concentrated  hydrochloric  acid  solution,  the  escaping  gas  must  be  cooled 
down  before  entering  the  condcnsing-towera.  There  ia  generally  a  valve  or  damper, 
by  which  the  communication  between  the  two  mufflea  may  be  closed,  in  order  that 
the  hydrochloric  acid  gas  evolved  in  each  maybe  separately  collected  and  condensed. 
With  these  contrivances,  and  well  constructed  condenaerB  supplied  plentifully  with 
water,  the  preparation  of  sulphate  of  soda  may  be  carried  on  without  any  inconveni- 
ence to  the  neighbourhood  in  which  the  worka  are  situated.  For  more  than  twenty 
years  Meaars.  Tennant,  of  Glasgow,  have  employed  this  kind  of  furnace,  decompoeiog 
500  tons  of  common  salt  per  week  without  receiiing  any  complaints.  On  the  Conti- 
nent, alkali  works  are  legally  compelled  to  have  tiie  decomposition-fumaceB  cou- 
stmcted  according  to  a  plan  first  brought  out  in  Belgium,  and  which  ia  very  similar 
to  the  furnace  already  described.  The  assertion  of  Dr.  Wagner,  in  his  arit.nnal  text, 
concerning  the  many  complaints  now  arising  in  England  in  reference  to  the  escape 
of  hydrochloric  acid  fumes  &Mm  alkali-works,  ia  altogether  unfounded,  the  faet  being 
that  according  to  the  published  reports  of  the  Inspector.  Dr.  Angus  Smith,  under  the 
Alkali  Act,  nearly  all  the  manufacturera  condense,  instead  of  95  per  cent  of  the 
hydrochloric  acid,  aa  required  by  the  Act,  fcom  97  to  985  per  cent. 

''"iSn^SBSS'"''  ^-  ^^  order  to  convert  the  sulphate  of  aoda  into  crude  or 
raw  aodic  carbonate,  the  former  salt  is  mixed  with  chalk,  or  aometiraea  with 
alaked  lime  and  small  coal,  and  thia  mixture,  fuaed  in  a  reverberatory  furnace. 
According  to  Leblanc's  directions,  the  proportiona  are — 

Sulphate    100  parts 

Chalk 100      .. 

Slaked  lima       50      ,. 

but  the  quantities  aa  employed  in  ten  different  works  vary  for  100  parts  of  sulphate 
from  90  to  121  parta  of  chalk,  and  the  quantity  of  small  coal  from  40  to  75  parts. 


In  some  alkoli-works  for  a  portion  of  the  chalk  is  snbstitnted  the  deBolphurised  and 
lixiviated  soda  waste.  The  reverberatory  furnace  generally  used  in  English  alkali- 
vorka,  and  technically  known  aa  a  balliitg  furnace,  ia  ahown  in  Fig.  71.  and  that 
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emplojed  in  Germanj  in  Fig.  73.  In  England,  the  materials  having  been  first 
heated  on  tihe  upper  stage  of  the  furnace  by  the  naete  heat,  only  remain  in  the 
working  Jumaee  {aee  Fig.  J z)  for  about  half-an-hour;  in  Gennan  works  the  mixtnra 
of  snlphat«,  chalk,  and  amall  coal  is  strongly  heated  In  m,  see  Fig.  73,  until  the  nuws 
becomes  fluxed  and  pasty,  and  lambent  flames  of  homing  carbnnic  oxide  are  ejected 
from  the  aur&ce.  VHien  this  is  seen  tlie  seini-fluid  mass  is  removed  &om  tba 
ftinuce  throngh  tbe  openings  f  p,  and  transferred  to  an  iron  car,  c,  where  it  is  left 
to  cool. 

It  is  difficult  to  say  whether  the  English  or  Continental  method  is  the  more 
preferable ;  viewed  from  a,  Uicoretical  point  of  view,  it  would  appear  that  the  t^nglji^ 
method  is  the  better  of  the  two.    As  in  English  works,   a  smaller  qnantity  of  . 
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materials,  only  about  7  cwts.,  while  in  continents]  works  from  30  to  70  cwts..  is 
operated  upon  at  a  time,  the  labonr  is  lighter ;  the  materials,  too,  are  not  exposed  to 
an  intense  heat  for  a  long  period ;  thus  a  loss  of  soda  by  tlio  volatilisation  of  the 
Bodium  is  less  likely  to  occur.  According  to  Wright's  investigations  (1S67).  tbe  loss 
of  Boda  by  the  conversion  of  the  sulphate  amonnts  hi  10  per  cent  of  the  sodium  con- 
tained in  the  sulphate,  as  shown  by  tlie  following  figures: — 

Undecomposed  siUphatc    

Insoluble  sodium  compounds    

Volatilisation  of  the  sodium      

Sodium  retained  in  the  waste 

Loss  oceasioned  by  the  evaporation  of  the  liquors 
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•gSiJISJ^g;^  In  1853  EUiot  and  RusseU  suggested  a  contrivance  which  dis- 
pensed with  the  stirring  of  the  materials  by  manual  labour,  and  consisted  of  a  cylin- 
drical vessel  made  to  rotate  on  a  horizontal  axis,  Stevenson  and  Williamson  im- 
proved upon  this  idea,  and  according  to  their  plan  of  working  (see  Fig.  74)  the 
mixture  of  sulphate,  chalk,  and  small  coal  ia  placed  in  the  iron  cylinder,  a,  lined 
idth  fire-clay.  Ribs  or  rails,  b,  csst  on  the  cylinder,  ran  on  the  wheels,  c,  receiving 
motion  from  machinery  with  which  they  gear,  and  causing  the  cylinder  to  rotate. 
Tbe  heated  air  of  the  hearth,  d,  flows  throngh  the  opening  e  into  the  cylinder,  and 
passing  throngh  p.  reaches  the  vaulted  compartment,  o.  and  is  carried  off  by  tbe  flue, 
K.  to  the  chimney.  Tbe  interior  of  the  cylinder  having  been  heated  to  redness,  the 
materials  are  aJlowed  to  fall  into  it  from  the  waggon,  j.  through  the  fonnel  ■. 
After  the  lapse  of  ten  minntes  the  cylinder  is  caused  to  make  ahalf  revolution, and  is  then 
left  for  five  minutes,  the  operation  being  continued  until  the  mass  inside  the  cylinder 
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fiises,  which  takes  place  iu  about  halF-nn-houi.  The  cjlindei  is  then  set  contiuu- 
otulf  iu  motion  so  aa  to  moko  one  revolution  every  three  minutes.  The  progress 
from  time  to  time  is  watehed  through  a  door-way  constructed  in  the  cylinder,  and 
aa  soon  aa  the  operation  is  complete  the  molten  mass  is  run  off  through  the  opening  b'. 
There  can  be  no  doubt  that  the  rotatory  furnace  is  a  great  improvement,  and  one 
whioh,  besides  saving  labour,  prevents  a  loss  of  soda  by  volatilisation.  A  cylinder 
II  feet  long  and  75  feet  in  diameter  converts  in  two  hours  14  cwts.  or  700  kilos,  of 
sulphate  at  an  expenditure  of  only  28.  id. 


Pio.  74. 


The  oompoiition  of  the  crude  or  hall  soda  la  approximately  — - 
Carbonate  of  soda  45 

SoJpharet  of  oaloinm  30 

Canstic  Imie  10 

Carbonate  of  Ume  5 

Foreign  enbstanoes  10 

In  this  country  large  quantities  of  aoda-aeh  are  used  in  glass  making,  soap  boiling, 
bleaching,  and  other  operations. 

'■"JJJJiJ^'g^''*  c.  Conversion  of  crude  into  refined  soda  by  Uxiviation  and 
evaporation,  a.  Lixiviation  of  the  crude  soda.  Wheik  the  crude  soda  is  acted  upon 
by  water  there  results  a  solution  containing  chief);  carbonate  of  Boda,  and  a  mass 
remaining  undissolved  known  as  soda  waste.     100  parts  of  raw  soda  yield: — 

Soluble  matter    450  parts 

Soda  waste 587    „ 

1037    " 

As  a  rale  Elnglish  ball  soda  has  a  deeper  colour,  and  contains  more  carbon  than 
the  Boda  of  continental  manufacture.  Ball  soda,  previously  to  being  lixiviated,  ii 
nsnally  exposed  for  at  least  two  and  sometimes  for  ten  days  to  the  action  of  the  air,  to 
gain  in  porosity,  and  bonce  be  more  readily  acted  upon  by  the  water. 

Of  the  several  methods  of  lixiviation  proposed,  and  in  more  or  lees  anecessful  use 
on  the  large  scale,  may  be  mentioned  the  following: — The  method  of  lixiviation  by 
simple  filtration  is  not  to  be  recommended  on  account  of  the  great  labour  it  requires, 
but  the  process  consistB  in  putting  the  crude  soda,  previously  broken  up  into  lumps 
of  suitable  size,  into  tanks  provided  with  a  perforated  false  bottom,  npoM  which  the 
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erode  soda  ia  placed,  water  being  panrod  un,    Tliia  arrftngoment  ia  reproeented  in 

Fig.  75,  *,  B,  c,  ».    The  perforated  false  bottom  is  about  25  eeDtiina.  from  the  bottom 

of  the  tanks.    The  wooden  channel,  k,  suspended  from  the  ceiling  of  the  shed  bj 

the  iron  bands,  f  f',  conveys  water. 

which  bymeaDS  of  ttie  ptt^,  t.  (',  aud 

t",  can  be  let  into  tbe  tanks,  these 

being  provided  with  taps,  r,  r',  and 

r",  by  which  Uic  liquid  cnn  he  run  off 

into  tbe  channel,  k'.  To  illustrate  the 

mmfiu  operamli  three  tanks,  a,  it.  c, 

are  snf&eient ;  a  is  filled  with  fresh 

ball  soda,  b   with  ball  soda  oucc, 

and  c  with  ball  Boda  twice  lixiviated. 

We  then  begin  by  Ailing  cac]i  tank 

witli  the  liquor  wliich  lias  been  used 

for  washing  the  soda  waste  the  last 

time  before  throwing  it  aside :  this  liquid  remains  is  each  tank  for  a  period  of  eight 

hours,  and  tlie  alkaline  ley,  which  then  marks  30°  IS.,  is  run  off  from  a,  aud  Uie 

operation  repeated  nith  weulter  liqtiorH  in  n  and  r.  the  leys  being  all  conveyed  to  a 

large  reservoir,  the  contunts  of  which  mark  25°  II.    Fresli  liquor  is  poured  into  a 

and  B,  and  into  d.  wliich  ia  tilled  witli  huU  soda.    By  this  arrangement  a  constant 

supply  of  ley  at  25°  It,  is  kept  up. 

DcBormos's  lixiviation  apparatna,  Fig.  76,  consists  of  a  series  of  twelve  to  fourteen 
tanks,  of  whicli  only  five,  a,  b,  c,  i>.  k,  are  exiiibiljirt  in  the  woodcut.  By  means  of 
tbe  bout  tubes,  fitted  about  15  centiiua.  from  the  bottom  of  each  tauk,  tlie  liquor 
flows  into  the  next  lower  tank  of  the  serioH.  and  bo  ia  the  taukH,  f  v'.  called  tbe 
clearing  or  settling  tanks,  of  which  there  arc  six  connected  together  by  tubes.  The 
baU  soda  to  be  lixiviated  is  ground  to  powder,  and  placed  in  the  perforated  sheet- 
iron  vessels,  1;  c.  il  il.  aud  so  on.     At  the  commencement  the  tanks  are  fdlcd  with 


warm  water,  and  two  perforated  vessels  placed  in  y  filled  with  50  kilos,  of  ball  soda; 
after  twenty-five  minutes  these  vessels  are  removed  to  ii,  and  others  filled  with  fresh 
soda  placed  in  s.  In  this  manner  the  operation  proceeds,  m  tliat  after  eight  hours. 
when  fourteen  lixiviation  tanks  are  worked,  there  arc  found  in  a  perforated  vessels 
which  lutre  been  gradually  removed  frtnn  the  lowest  to  the  highest  tank,  a,  two 
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vessels.//,  having  been  removed  from  that  tank  and  placed  upon  the  shelf,  k.  t<> 
drain,  where  having  remained  for  about  half-an-honr  the;  are  removed,  the  contents 
emptied,  and  other  vessels  placed  to  drain.  Each  time  that  two  of  the  perforated 
vessels  filled  with  ball  soda  are  placed  in  the  lowest  tank,  there  is  poured  into  the 
uppermost  as  much  waler  as  corresponds  with  the  hulk  of  the  fresh  soda ;  thin  water 
displaces  the  heavy  ley  which  mns  through  the  tube  from  4  to  a,  and  so  on,  until  at 
last  the  concentrated  and  nearly  saturated  liquor  runs  from  e  into  f  f.  where  any 
suspended  matter  is  deposited.  The  temperature  of  the  liquor  in  these  tanks  shoold 
be  from  45°  to  50°;  but  not  higher,  in  order  to  prevent  any  decomposition  of  the 
sulphide  of  calcium.  The  lixiviadoD  tanks,  as  well  as  the  clearing  tanks,  are 
provided  with  steam  pipes  for  the  purpose  of  keeping  the  liquor  sufficiently  heated. 
^d  to  prevent  any  soda  crystalliBing  out  by  cooling.  It  is  almost  evident  that  this 
method  of  lixiviation  is  the  best  which  can  be  adopted,  as  the  concentrated  liquor 
caunot  adhere  to  the  solid  substance  which  it  is  intended  to  dissolve,  because  in 
consequence  of  its  high  sp.  gr.  the  liquor  sinks  to  the  bottom  of  the  tank.  Fig.  77 
represents  two  lixlviation  tanks  drawn  to  a  larger  scale,  and  of  a  somewhat  different 
Bjrangement.  Each  tank  is  divided  into  three  compartments  by  means  of  a  double 
partition  wall,  communication  between  the  two  compartments  being  provided  by  the 
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holes  a  and  b  and  the  space  between  the  partition  plates  receiving  the  steam  pipes. 
h  k.  J  jj  are  the  tubes  for  conveying  the  liquor,  and  n  ti  the  perforated  vessels,  to 
which  are  rivetted  iron  bars  serving  the  purpose  of  handles.  Mr.  James  Shanks,  of 
St.  Helen's,  was  the  first  to  found  a  rational  and  economical  plan  of  lixiviation,  on 
what  is  termed  methodical  filtration,  based  upon  the  fact  that  a  solution  becomes  more 
dense  the  more  saline  matter  it  has  in  solution,  and  that  a  column  of  weak  ley  of  a 
certain  height  equilibrates  a  shorter  column  of  a  stronger  ley.  In  accordance  with 
this  principle,  the  tanks,  four  or  eight  in  number,  are  placed  as  shown  in  Fig.  7S, 
abd  through  them  water  is  caused  to  flow,  exhausting  the  crude  soda  in  its  passage, 
and  becoming  consequently  denser  in  each  consecutive  tank  of  the  series;  henca, 
the  level  of  the  liquid  is  lowered  in  each  tank  from  the  first,  which  contains  pure 
water,  to  the  last,  from  which  a  saturated  ley  runs  off.  The  length  of  the  tanks  is 
2'6  metres  by  2  metzes  in  depth ;  f  is  a  perforated  false  sheet-iron  bottom  supported 
by  iron  bars.  From  the  bottom  of  each  tank  an  open  tube,  r,  the  lower  opening 
being  cut  diagonally,  and  at  the  top  a  smaller  tube,  t,  soldered  on,  connect  the  tanks. 
The  wator  pipes,  t  r  r  r,  fitted  with  taps  are  placed  to  admit  of  water  being 
supplied  to  each  tank ;  by  means  of  the  taps,  B  r',  the  ley  can  be  run  off  into  the 
channel,  <f.    Four  lixiviations  as  a  role  soffice.    The  working  ia  as  follows : — The 
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first  Unk  contains  ball  aoda  alreadj  three  times  lixiviated;  the  liquor  added  lo  it  is  a 
very  weak  soda  solution  from  a  fonner  operation,  wliich  percolaleB  into  the  second  tank. 
The  liquid  there  meets  with  soda  which  lias  been  twice  submitted  to  the  lixiviation 
procese.  and  next  flows  otht  into  the  third  tank,  the  solid  contents  of  which  have 
been  only  once  previoosly  lixt^iF3t<'<1.    FinaJly,  the  lye  arrives  in  the  fourth  tank,  in 
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irhichfreshballsodahasbeenplaced,  and  from  this  tank  flows  into  alarge  reservoir. 
The  first  tank  having  been  cleared  of  soda  waste  is  now  fiUed  with  fresh  ball  soda, 
and  the  succession  of  the  operation  reversed  by  the  aid  of  taps  fitted  to  the  tubes 
connecting  the  tanks.  The  larger  the  number  of  tanks  the  more  rapidly  within 
certain  limits  a  given  weight  of  cmde  soda  can  be  exhausted.  The  density  of  the 
ley  ought  to  be  from  rz-;  to  1-286,  a  cubic  foot,  or  0-028  cubic  metre,  containing 
from 4'5  to  495  kilos,  of  solid  matter.  The  advantages  of  this  mode  of  lixiviation 
are — i.  That  the  carriage  of  the  crude  soda  from  one  tank  to  onotlier  is  dispensed 
with,  and  consequently  much  labour  saved.  2.  The  soda  being  always  covered  with 
liquid  cannot  cake.  3.  As  the  current  is  always  downwards  the  most  concentrated 
portion  of  the  fluid  is  conveyed  forward,  and  consequently  less  water  is  required. 

4.  By  the  continuity  of  the  operation  any  reaction  between  the  alkali  and  the 
insoluble  calcium  sulphuret  is  prevented,  or,  in  other  words,  the  formation  of  soluble 
ftlkaline  and  other  sulphurels,  entailing  a  loss  of  soda,  is  reduced  to  a  minimura. 

5.  The  high  degree  of  concentration  of  the,ley  effects  a  considerable  saving  in  the 
expense  of  the  evaporation. 

The  nature  of  the  ley,  after  the  suspended  matter  has  been  deposited,  greatly 
depends  npon  the  condition  of  the  ball  soda  employed,  the  dnratinn  of  the  proceBS, 
and  the  temperature  of  the  water;  it  is,  therefore,  difficnlt  to  make  any  general 
observation.  Kynaston.  Scheurer-Kestner,  and  Kolb  have  proved  that  ball  soda 
does  not  contain  canstic  soda,  and  that  consequently  the  presence  of  this  substance 
in  flie  ley  is  due  to  the  action  under  water  of  the  lime  upon  the  sodic  carbonate. 
Sulphuret  of  calcium  can  only  be  present  in  the  dry  ball  soda  in  very  small  qnontities, 
but  snlphoiet  of  sodium  may  exist  in  the  ley  to  a  greater  extent  than  caustic  soda, 
the  quantity  varying  with  the  mode  of  lixiviation.  Commonly,  only  raonosulphuret 
of  sodium  is  present  in  the  ley ;  even  if  a  polysulphuret  were  temporarily  formed  it 
would  bo  immediately  converted  into  monosulphuret  by  the  presence  of  the  caustic 
soda.  The  'dry  ball  aoda  contains  peroxide  of  iron,  converted  into  sulphuret  of  iron 
by  the  action  of  the  water ;  this  sulphuret  dissolving  in  the  sulphuret  of  sodium 
causes  the  green-  or  yellow-brown  colour  of  the  ley.    Tha  quantity  of  water  employed 
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in  the  lixiviation  has  no  effect  upon  the  causticity  of  the  ley,  hut  the  quantity 
of  sulphuret  of  sodium  increases  with  the  quantity  of  water,  the  duration  of 
the  lixiviation,  the  temperature,  and  the  concentration;  tliis  is  owing  to  the 
increased  solubility  of  the  sulphuret  of  calcium,  which,  when  in  contact  with  water, 
is  converted  into  hydrosulphuret  of  calcium  and  hydrate  of  lime,  the  former  yielding 
with  caustic  soda  the  more  sulphuret  of  sodium  the  higher  the  concentration  of  the 
ley.  The  same  reasoning  holds  good  for  carbonate  of  soda,  which  is  also  converted 
into  sulphuret,  but  only  in  very  dilute  solutions,  at  a  higher  temperature  after  a 
lengthened  contact. 

According  to  Kolb's  researches,  ball  soda  should  be  lixiviated  rapidly,  with  but  a 
small  quantity  of  water,  and  at  a  low  temperature.  If  it  were  possible  it  would  be 
a  great  improvement  to  contrive  an  apparatus  in  which  ball  soda  could  be  lixiviated 
in  a  few  hours  with  only  so  much  cold  water  as  would  yield  a  very  concentrated  ley ; 
the  liquors  obtained  under  such  conditions  would  be  free  from  sulphuret  of  sodium. 

The  following  analysis  will  give  some  idea  of  the  composition  of  the  crude  ley. 

The  sample  was  obtained  from  the  alkali- works  of  Matthes  and  Weber,  at  Duisburg, 

the  sp.  gr.  =  1*25,  I  litre  containing  313*9  grms.  of  solid  saline  matter,  consisting  in 

100  parts  of — 

Carbonate  of  soda 

Caustic  soda    

Common  salt 

Sulphite  of  soda      

Hyposulphite  of  soda     

Sulphuret  of  sodium      

Cyanide  of  sodium 

Argillaceous  earthy  matter   ... 

OiXxi/t«  •«•         •••         •••         •••         ••• 

AX  vIXX     •••  •••  •••  •••  •••  ••• 
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Another  crude  ley  from  some  works  near  Aix-la-Chapelle  was  of  a  sp.gr.  =  1*252, 
and  contained  311  grms.  of  solid  matter  per  litre. 

Evapomtioii  of  the  Ley.  p.  The  clarified  liquor  contains  essentially  carbonate  of  soda 
and  caustic  soda,  with  common  salt  and  other  soda  salts  in  smaller  quantities.  Owing 
to  the  presence  of  the  double  sulphuret  of  iron  and  sodium,  the  ley  is  coloured 
during  the  evaporation,  if  it  be  performed  with  the  liquor  immediately  from  the 
lixiviation  tanks ;  to  prevent  this  result  it  is  necessary  that  the  leys  should  stand  for 
a  considerable  time  in  the  clearing  reservoirs  to  effect  a  slow  oxidation  of  the  com- 
pound salt,  more  rapidly  attained  by  forcing  a  current  of  air  through  the  ley,  as 
suggested  by  Gossage.  Bleaching-powder  and  nitrate  of  soda  are  used  as  oxidising 
agents ;  a  lead-salt,  oxide  of  copper,  and  spathose  iron  ore  have  been  employed.'  As 
Kolb*s  researches  have  proved  that  monosulphuret  of  iron  is  insoluble  in  caustic  and 
in  carbonate  of  soda  solutions,  an  addition  of  sulphate  of  iron  will  have  the  effect  of 
converting  the  double  sulphuret  of  iron  and  sodium  into  monosulphuret  of  iron  and 
sulphate  of  soda,  the  former  salt  settling  rapidly  and  3rielding  a  clear  colourless 
liquid,  and  on  evaporation  a  colourless  salt. 

The  ley  is  treated  in  either  of  the  two  following  ways : — 

a.  Evaporated  to  dryness,  the  result  being  a  homogeneous  product  which  contains 
unaltered  all  the  constituents  of  the  ley,  including  the  caustic  soda. 


71-250 

24-500 

1-850 

0-102 

0369 

0235 

0*087 

1-510 

o-i86 
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p.  The  ley  ia  evaporated  to  a  certain  degree  of  concentration,  the  anperaatanted 
solution  depositing  ou  cooling  carbonate  of  soda  as  a  cijstalline  powder,  contaiiung 
I  molecule  of  water,  NajCOj+HjO ;  the  ealt  ia  gradnally  removed  from  the  liquor 
1^  perforated  ladles.  During  the  avaporatioD  fresh  lej  is  run  into  the  pan  from  a 
reeervoir  at  a  higher  level,  and  in  this  waj  the  operation  is  contdnned  for  several 
months.  It  is  clear  that  by  conducting  the  evaporation  in  this  manner,  the  carbonate 
of  soda  collected  becomes  gradually  less  and  leas  pure,  being  mixed  with  chloride  of 
sodium  and  sulphate  of  soda ;  at  last  a  mother-ley  is  left,  containing  chiefly  caostio 
soda  and  snlphuret  of  sodinm,  and  in  a  concentrated  solntjon  of  these  substances  the 
other  salts  are  inaolable.  The  crystalline  carbonate  of  soda  is  first  drained,  an  opera- 
tion sometimes  performed  m  centrifugal  turbmes  and  then  calcined  in  a  reverbera- 
tory  fiimace  to  oxidise  any  sulphnret  of  sodium  that  might  be  present ;  after  tMa 
calcination  the  salt  constitutes  the  calcmed  soda  of  commerce  The  quaUty  of  the 
commercial  article  'vtmes  considerably  the  difference  bcmg  partlv  dne  to  the  care 
taken  in  the  evaporation  Tlie  first  crop  of  salt  is  always  tlie  best,  that  is  to  say, 
contains  the  lai^est  percentage  of  sodic  carbonate   sometimes  amounting  to  90  per 


cent.  When  the  ley  is  to  be  evaporated  to  dryness,  tlie  operation  is  carried  on  in  a 
reverberatoiy  fiimace.  Fig.  79.  The  hearth  is  floored  with  fire-bricks,  on  to  which  a 
thick  coating  of  carbonate  of  soda  is  well  rammed.  The  fuel  burning  in  a  is  co^e ; 
as  soon  as  the  furnace  has  become  thoroughly  red-hot,  ley  previously  evaporated  to 
33°  B.  in  the  pans  u  and  k,  is  run  into  the  fomace,  effecting  a  very  rapid  evapo- 
ration to  dryness,  caro  being  taken  to  stir  the  saline  mass  to  keep  the  salt  in  a 
pulverulent  state.  By  means  of  the  dampers,  r  a.  and  the  flues,  c  c',  the  hot  air  and 
flame  of  the  burning  fuel  may  be  conducted  under  the  pans  d  and  e 


chimney.    The  composition  of  soda  tbns  evaporated  ti 
analysis  of  two  samples  by  Mr.  J.  Brown,  as  foUows:- 


cordinglp  the 


Carbonate  of  soda    ... 

Caustic  soda     

Sulphite  of  soda 
Hyposnlpliite  of  aoda 
Snlphuret  of  sodium 
Chloride  of  Bodium  ... 
Aluminate  of  soda  ... 
Silicate  of  soda 


68907 
14433 
7018 


65513 
1607a 

7-812 
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The  salt  is  next  oaloined,  and  the  sulphnret  of  sodinm  converted  into  sulphite  of  soda, 
a  portion  of  the  oanstio  soda  heing  converted  into  carbonate  of  soda.  The  calcined  salt 
is  now  ready  for  the  market ;  bat  in  some  of  the  large  alkali-works  near  Newcastle-on- 
Tyne  it  is  re-dissolved  in  water,  treated  with  carbonic  acid,  and  again  evaporated.  A 
better  product  results  from  another  method,  namely,  evaporating  the  ley  to  a  known 
degree  of  concentration,  and  obtaining  small  crystals  of  soda-sUlt  (NaaC0^+H20).  In 
this  case,  as  regards  the  methods  of  evaporation  employed,  the  two  following  are  most 
general: — Heat  is  brought  to  bear  on  the  surface  of  the  liquid  contained  in  shallow 
rectangular  iron  pans  fitted  to  the  hearth  of  a  reverberatory  furnace ;  the  liquid  rapidly 
boils  at  the  surface,  and  a  saline  crust  is  formed,  which  is  constantly  broken  up  and 
collected  with  iron  rakes  by  the  workmen.  Now  and  then  the  salt  deposited  at  the  bottom 
is  removed  and  placed  on  a  sloping  ledge  to  drain.  This  method  of  evaporation  is  econo- 
mical, but  attended  with  the  disadvantage  that  the  ley  is  constantly  in  contact  with  the 
carbonic  and  sulphurous  acid  gases  arising  from  the  combustion  of  the  fuel,  the  conse- 
quence being  that  a  portion  of  the  caustic  soda  is  converted  into  carbonate  and  sulphite 
of  soda,  the  latter  by  the  subsequent  calcining  operation  being  converted  into  sulphate. 
By  the  second  plan  of  evaporation  the  heat  is  conveyed  to  the  bottom  of  the  pans,  but 
then  many  precautions  are  required  to  prevent  the  bottom  being  burned  in  consequence  of 
the  settling  down  of  a  saline  mass  not  conducting  heat.  Mr.  Gamble,  at  St.  Helens, 
employs  a  pan  of  a  peculiar  form,  the  section  being  like  that  of  a  boot ;  it  is  heated  by  the 
waste  heat  of  the  soda  furnace,  and  the  inclination  of  the  sides  of  the  pan  greatly  assists 
the  removal  of  the  salt,  which,  having  been  drained,  is  calcined,  yielding  a  grey-coloured 
salt,  afterwards  purified  by  solution  with  the  aid  of  steam  in  a  small  quantity  of  water, 
decanting  the  clear  solution,  and  again  evaporating  it.  Balston  obtains  a  purer  product 
by  washing  the  impure  carbonate  with  a  cold  saturated  solution  of  pure  carbonate  of  soda, 
the  chloride  and  sulphuret  of  sodium  and  the  sulphate  being  thus  removed.  As  already 
stated,  the  evaporation  is  not  always  continued  to  dryness,  but  to  a  degree  of  concentra- 
tion determined  by  experience.  By  varying  the  relative  bulk  of  the  liquid  a  more  or  less 
pure  product  may  be  obtained;  when,  for  instance,  the  ley  of  the  lixiviation  tanks 
(—  1*286  sp.  gr.)  is  evaporated  to  j^,ths  of  its  bulk  and  the  s^t  separated  removed,  this 
salt  corresponds  to  a  purified  soda  salt  of  57  per  cent ;  by  evaporating  the  remaining 
liquid  to  f  ths  of  its  bulk,  a  salt  of  50  per  cent  is  obtained.  When  the  mother-liquor  is 
evaporated  to  dryness,  a  very  caustic  and  impure  salt  is  obtained.  Euhlmann,  at  Lille, 
employs  pans  which  are  graduated  so  that  the  bulk  of  the  fiquid  may  be  readily  ascer- 
tained for  the  purpose  of  fractioned  evaporation.  The  purification  of  the  crude  ley, 
containing  sulphuret  of  iron  dissolved  by  sulphuret  of  sodium,  may  be  effected,  as 
suggested  by  Gossage,  in  1853,  by  filtering  the  liquid  through  a  coke-tower  (one  of  the 
towers  used  for  condensing  hydirochloric  acid),  a  current  of  air  being  forced  upwards  to 
assist  in  oxidising  the  sulphuret  of  sodium. 

T^  composition  of  refined  soda,  according  to  Tissandier*s  analyses,  is : — 

I.  2.  3.  4.  5. 


Moisture    . .     . . 
Insoluble  matter 
Chloride  of  sodium 
Sulphate  of  soda 
Carbonate  of  soda 


2*22  3*11  1*15  I'oo  0*40 

o*i2  o*22  o*o8  —  0'06 

12*48  6-41  3*28  2*11  0*99 

851  325  215  1-50  035 

76-67  87-01  92*34  95*39  98*20 


100*00       100*00       loo'oo       100*00       XOO'OO 

The  composition  of  soda,  containing  caustic  soda,  is : — 

I.  2.  3.  4. 

Moisture 2*10  1*50  2*48  1*38 

Insoluble  matter       ..     ..  0*12  o'Xi  0*21  0*09 

Chloride  of  sodium  ..     ..  4*32  2*43  3*50  4*11 

Sulphate  of  soda       . .     . .  8*80  1*62  2*15  2*50 

Carbonate  of  soda     . .     . .  82*47  88*09  84*54  81*67 

Caustic  soda      2*11  6*25  7*12  10*25 

100*00    100*00    XOO'OO    lOO'OO 

In  order  to  obtain  crystalliaed  soda,  NaaCOa+ioHaO,  with  63  per  cent  of  water, 
a  saturated  solution  of  calcined  soda  in  hot  water  is  poured  into  large  iron  vessels, 
and  yields  crystals  on  cooling.  The  calcined  soda  is  generally  dissolved  in  conical 
vessels  (Fig.  80),  mad£  of  boiler-plate,    c  is  a  steam-pipe,  b  a  water-pipe,  d  a  per- 
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feasted  Teasel  to  contain  the  calcined  eoda  to  ba  diasolved.  The  boiler  is  Qix%e- 
fonrtha  filled  with  water,  the  perforated  veaael  filled  with  eoda  is  then  lowered  into  the 
liqnid,  and  the  steam  ttimed  on.  The  soda  ie  ropidlj  dissolved,  and  when  the 
Bolatioii  marks  30°  to  32°  B.  it  is  run  into  the  ciyBtaUisiiig  Teasels ;  the  crjatalliaa- 
lion  is  complete  in  five  to  six  Axya  in  moderately  cool  weather.  The  crystAls  ere 
broken  np,  and  again  dissolved  in  water  in  the  vesHel  a  (Fig,  81),  heated  by  the  fire 
At  c  PS  are  fines  carrying  flame  and  heated  air  round  the  vesaet ;  b  is  a  water-pipe. 
The  vessel  having  been  filled  with  crystals,  a  small  qnantity  of  water  is  added,  and 
as  soon  as  the  aalt  is  completely  dissolved,  the  fire  is  extinguished,  the  liqnid  being  left 
to  settle.    The  clear  liqnid  is  next  a)'phoned  into  a  reaervoir.  and  from  this  poured 

Fio.  80. 


into  cast-iron  crystaUiaing  vessels.  After  seTen  oi"  oinht  da^s  tlie  mother  bquor  is 
removed,  and  the  crystals  are  detached  from  the  surface  of  the  iron  by  placing 
the  crystallising  vesaels  for  a  few  moments  in  hot  water  the  reault  bemg  that  by  the 


incipient  fusion  of  the  crystals 
from  the  metal  to  which  they  adhere. 
heated  to  15°  to  18°.  and  then  packed  i 
rally  purer  than  a  non-crystalliBed  ma 
in  crystalliaed  carbonate  of  soda 


water  of  crystallisation  they  are  loosened 
After  draining  the  salt  is  dried  m  rooms 
casks.  Although  a  crystalline  salt  is  gene 
,  yet  the  large  quantity  of  water  contamed 
1  impediment  to  its  extensive  nse  both  on 
aceonnt  of  expense  of  carriage  and  the  weakness  of  the  alkali  In  this  country 
however,  owing  to  the  great  facility  of  water  carnage,  crystallised  carbonate  of  soda 
is  very  largely  nsed. 

ThBTTDf  LiMuri  prwHi.  Tbc  process  of  M.  Leblanc  has  been  best  elucidated  by  the 
more  recent  researches  of  Gossage  and  Schemer  Kestner  Formerly  it  was 
aaanmed  that  when  a  mixture  of  aulpliate  of  soda  carbonate  of  hme  and  carbon 
were  calcined.  Uie  carbon  while  yielding  carbonic  oxide  converted  the  sulphate  of 
eoda  into  sulphuret  of  sodium,  in  its  turn  decomposed  by  the  carbonate  of  lime  the 
result  being  the  formation  of  carbonate  of  soda,  oxysulphuret  of  calcium,  and 
the  evotntion  of  a  portion  of  the  carbonic  add;  (n)  NaiS04~|-2C=NaiS+zC0ii 
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(p)  2NaaS-f3CaC03=2Na2C03+CaO,2CaS-f-C02.  According  to  Unger  the  car- 
bonate of  lime  loses  its  carbonic  acid  as  soon  as  sulphuret  of  sodium  is  formed, 
there  remaining  a  mixture  of  caustic  lime,  sulphuret  of  sodium,  and  carbon,  which 
becomes  converted  into  oxysulphuret  of  calcium,  and  caustic  soda,  the  latter 
by  taking  up  the  carbonic  oxide  resulting  from  the  combustion  of  the  carbon 
becoming  sodium-carbonate ;  this  view  appears  to  be  nearest  the  truth,  but  as  proved 
by  Scheurer-Kestner,  Dubrunfaut,  J.  Kolb,  and  Th.  Petersen,  it  is  not  necessary  to 
assume  the  existence  of  oxysulphuret  of  calcium  for  the  purpose  of  explaining  the 
fact  that  the  sulphuret  of  calcium  does  not  act  upon  the  sodium-carbonate,  because 
sulphuret  of  calcium  is  almost  insoluble  in  water,  125  parts  of  water  dissolving  at 
12*6**  only  I  part  of  sulphuret  of  calcium.  This  view  is  also  confirmed  by  the 
results  of  experiments  made  by  Pelouze.  During  the  formation  of  soda  in  the  cal- 
cining furnace  the  carbon  is  only  converted  into  carbonic  acid,  viz. : — 

o.  5NaaS04+ioC=5NaaS-f  10CO2. 

(3.  5NaaS-f7CaC03=5NaaC03-|-5CaS+2CaO-f 2C0a. 

However,  as  there  is  formed  during  the  calcination  process,  especially  towards  the 
end  of  this  operation,  a  not  inconsiderable  quantity  of  carbonic  oxide  which  bums 
ofif  with  a  bluish  flame,  this  substance,  although  a  secondary  product,  has  to  be  taken 
into  account  in  the  formula ;  moreover,  the  formation  of  this  gas  is  important,  for  as 
soon  as  it  makes  its  appearance  the  chief  reaction  is  being  completed,  proving 
the  heat  to  be  at  its  proper  degree. 

The  researches  of  Unger  have  imdoubtedly  proved  that  when  the  sulphate 
is  reduced  by  carbon  there  is  only  carbonic  acid  and  not  a  trace  of  carbonic  oxide 
formed,  so  that  carbonic  oxide  is  the  result  of  the  action  of  the  excess  of  carbon 
upon  the  carbonate  of  lime ;  this  reduction  of  the  carbonate  of  lime  by  carbon  takes 
place  at  a  much  higher  temperature  than  that  at  which  the  sulphate  is  reduced, 
therefore  the  formation  of  carbonic  oxide  takes  place  after  that  of  the  carbonate 
of  soda.  Consequently  there  must  be  distinguished  three  phases  in  the  formation  of 
soda,  viz. : — 

a.  The  reduction  of  the  sulphate,  with  evolution  of  carbonic  acid  gas — 

(l^a2S04-f2C=Na^S-f2C02). 

p.  Double  decomposition  of  the  newly  formed  sulphuret  of  sodium  and  carbonate 
of  lime  (NaaS-fCaC03=Na2C03-|-CaS). 

y.  The  reduction  of  the  excess  of  carbonate  of  lime  by  the  carbon — 

(2CaC03-f2C=2CaO-f4CO). 

During  the  lixiviation  the  presence  of  caustic  lime  aids  the  formation  of  caustic 
soda.  According  to  theory,  100  parts  of  sulphate  only  require  20  of  carbon,  but  it 
is  the  practice  to  employ  an  excess  of  carbon,  as  much  as  40  to  75  per  cent,  to  pro- 
vide against  incomplete  mixture,  the  combustion  of  carbon  witliout  effect,  and 
because  of  the  necessity  of  obtaining  the  reaction  of  the  carbonic  oxide  in  order 
that  the  progress  of  the  operation  may  be  observed,  as  experience  has  proved  that  the 
mass  should  not  be  removed  from  the  furnace  imtil  this  combustion  is  nearly  over. 

utiiiaauon  of  so<u  WMte.  The  greater  part  of  the  soda  now  employed  is  obtained  by 
Leblanc's  i)rocess,  which,  wlule  it  admits  of  lixiviating  the  soda  readily  and  com- 
pletely, is  defective,  inasmuch  as  the  residue,  or  waste  as  it  is  teclinically  called, 
contains  nearly  all  the  sulphur  used  in  the  manufacture  ;  and  that  this  is  not  a  slight 
loss  may  be  inferred  from  Oppenheim's  statement,  Uiat  in  the  alkali  works  at  Dieuze, 
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Lorraine,  the  accumulated  waste  contains  an  amount  of  sulphur  valued  at  £150,000. 
For  every  ton  of  alkali  made  there  is  accumulated  i^  tons  of  waste,  containing 
80  per  cent  of  the  sulphur  used  in  the  manufacture ;  and  this  waste,  until  lately 
thrown  on  a  refuse  heap  in  some  field  adjacent  to  the  works,  often  proved  a  nuisance 
in  hot  weather,  giving  rise  to  fumes  of  sulphuretted  hydrogen.  For  the  last  forty 
years  much  time  and  money  have  heen  spent  in  trying  to  recover  the  sulphur, 
but  not  until  1863  was  any  attempt  successful.  Three  different  processes  are  now 
resorted  to,  viz. — Guckelherger's,  modified  and  practised  by  Mond ;  Schaffner's  plan; 
and  the  process  invented  by  M.  P.  W.  Hofinann,  at  Dieuze.  Since  the  first  suc- 
cessful experiment  the  methods  have  been  so  rapidly  improved  that,  at  the  Paris 
Exhibition  of  1867,  no  fewer  than  nine  samples  of  recovered  sulphur  were  sent  in. 
All  the  methods  mentioned  above  are  based  upon  the  same  principle — the  conversion 
of  the  insoluble  sulphurets  of  calcium  contained  in  the  waste  into  soluble  compounds 
by  the  aid  of  the  oxygen  of  the  atmosphere ;  the  lixiviation  of  the  oxidised  mass, 
and  precipitation  of  the  sulphur  contained  in  the  leys  by  a  strong  acid,  practically 
hydrochloric  acid. 

**^SSiI)2  pSS^*'      M.  Schaffiier's  plan  for  the  regeneration  of  sulphur  from  soda 
waste  involves  the  following  operations : — 

a.  Preparation  of  the  liquor  containing  sulphur. 
p.  Decomposition  of  the  liquor. 
7.  Preparation  of  the  sulphur. 

a.  The  soda  waste  is  submitted  to  a  process  of  oxidation  by  the  action  of  the  air, 
and  for  this  purpose  is  placed  in  large  heaps,  where  heating  takes  place,  together 
with  the  formation  of  polysulphurets  and  subsequently  hyposulphites.  After  a  few 
weeks  the  interior  of  the  heap  assumes  a  yellow-green  colour,  when  the  material 
is  ripe  for  lixiviation ;  the  heap  is  then  broken  up  into  large  lumps,  which  remain  for 
another  twenty-four  hours'  oxidation.  These  lumps  are  next  submitted  to  lixiviation 
with  cold  water,  and  a  concentrated  liquor  obtained.  After  this  process  follows 
another  oxidation,  effected  by  placing  the  lixiviated  residues  in  a  pit  dug  in  the  soil 
to  a  depth  of  i  metre,  and  situated  close  to  the  lixiviation  tanks ;  by  this  burying  the 
heat  generated  by  the  oxidation  suffers  less  dissipation  than  when  the  material  is  ex- 
posed on  all  sides  to  currents  of  air.  The  second  oxidation  proceeds  more  rapidly  than 
the  first  in  consequence  of  the  greater  porosity  of  the  mass,  so  that  beside  poly- 
sulphurets more  hyposulphites  are  formed.  Instead  of  effecting  the  second  oxida- 
tion by  burying,  the  waste  may  be  left  in  the  lixiviation  tanks,  and  the  oxidation 
accelerated  by  forcing  the  hot  gases  from  a  chimney  under  the  perforated  bottom  of 
the  tank ;  by  these  means  both  time  and  labour  may  be  saved,  the  oxidation  being 
complete  in  8  to  10  hours.  According  to  the  quality  of  the  alkali  waste,  this  process 
of  oxidation  may  be  repeated  three  to  four  times ;  the  gases  accompanying  the  smoke 
of  burning  fuel  are  exceedingly  well  suited  for  effecting  the  decomposition  of 
tlie  sulphuret  of  calcium  in  such  a  manner  as  to  cause  the  formation  of  poly- 
sulphurets and  hj-posulpliites.  The  liquors  resulting  from  tiie  first  lixiviation  con- 
tain chiefly  polysulphurets  and  hyposulphites ;  but  the  liquors  obtained  after  the 
second  and  third  oxidation  contain  essentially  hyposulphites ;  all  the  liquors  are  col- 
lected in  one  reservoir. 

/3.  The  decomposition  of  the  lixiviation  liquor  by  means  of  hydrochloric  acid  is 
carried  on  in  a  closed  apparatus  of  cast-iron  or  stone,  and  is  based  upon  the  fact  that, 
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byposnlphitea  when  treated  with  hjdroohloric  acid,  evolve  snlpbnratu  add  gas, 
anlphnr  being  predipitated  (CftS,03+2HCl  yields  CaCl,+80,+S+HjO),  and  upon 
the  reaetiDii  exerted  by  solphnrons  acid  upon  the  poljsnlphuret,  which,  while 
sulphur  ia  depontad,  is  again  converted  into  hypoimlphite  of  hme — 

(2CaSr+3SO,= 2CftS,03+ St) . 
The  liquor  is  tested  by  titration  to  determine  the  quantity  of  polyBulphnret  and  of 
bypoealpbites  contained,  and  according  to  the  result  the  residue  is  more  or  less 
oxidised. 

The  BpparatnH  generally  employed  in  the  decomposition  ia  ahoim  in  Fig.  8a  ;  i  and  b 
are  the  veaselB  to  contain  the  liqaor ;  I  is  the  pipe  by  which  the  liqnor  is  conveyed  to 
*  or  B,  regulated  by  a  piece  ol  elaBtic  tubing  entering  at  q  ~'-  ■  — '  ~'-  -  -  '~'  -' 
are  earthenware  tubes  by  which  the  hydrot^loric  ac"  '- 


tnbeE,  c  ia  fitted  to  the  top  of  i,  and  has  a  longerleg  dipping  into  the  Snid  ate;  the  reverse 
ia  the  case  for  d,  the  ghort  leg  of  which  is  fitted  to  b,  while  the  longer  leg  dips  into  the 
fluid  In  t.  liie  tap,  a,  is  dosed  when  the  gases  shonld  enter  through  e  into  the  fluid 
oontained  in  b,  but  the  tap,  A,  is  shut,  and  a  opened,  when  the  gases  passing  through  dare 
to  enter  the  flnid  contained  in  A.  The  eioees  of  gas  is  carried  off  by  the  tube  a.  As  soon 
aa  the  decompositioD  by  the  action  of  the  hydrochloric  acid  ia  effected,  steam  is  injected 
through  the  valves,  v  v',  to  eipel  the  last  traces  of  snlpfauroas  acid  from  the  liquor. 
The  liquor  and  finely  divided  Ealpboj  are  mn  off  at  o  and  o' ,  care  being  taken  to  let  the 
ehloride  of  oaleinm  solution  run  off  by  removingthe«oodenplug,p.  In  order  to  ascertain 
whether  all  the  sulphurous  acid  is  expelled,  the  wooden  taps,  h  h',  are  opened,  the  emeU 
of  the  gas  being  a  suffloient  indication  of  ita  presenoe.  The  taps,  /  and  /,  are  employed 
M  test  cocks  to  ascertain  the  progresa  of  the  operation,  and  also  to  see  whether  the 
vessels  are  properly  filled  with  hqaor. 

The  sulphur  obtained  by  this  procees  is  fine-grained,  and  mixed  with  some  gypsmn, 
chiefly  due  to  the  Bnlphniic  acid  contained  in  the  hydrochloric  acid.  The  sulphur  and 
chloride  of  calcium  liquor  are  conducted  by  the  spout,  jf,  to  a  veBsel  with  a  false  bottom, 
perforated  and  covered  with  a  flannel  cloth,  through  which  the  liquor  passes,  the  snlphor 
b^ng  retained. 

J.  The  Bulphur  is  prepaxed  for  the  market  by  a  very  simple  process.  It  ia  mixed 
with  eufficient  water  to  constitnte  a  paste,  which  is  put  into  a  cast-iron  vessel,  and 
Bteam  at  a  pressure  of  li  atmospheres  admitted  to  melt  the  enlphor,  the  water 
taking  up  any  adhering  chloride  of  calcium  aolution,  and  also  the  gypsnm.  The 
molten  Bnlphur  collects  in  the  bottom  of  the  vessel,  and  is  tapped  off  into  moulds: 
the  supernatant  liquor  does  not  mix  with  the  sulphur  owing  to  the  greater  spedfie 
weight  of  the  latter.   In  order  to  perfectly  saturate  any  free  add  whi(^  might  still  be 
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present  some  milk  of  lime  is  added ;  by  this  addition  another  end  is  gained,  viz., 
the  removal  of  any  arsenic » in  the  following  manner: — If  during  the  melting  process 
an  excess  of  lime  be  present,  sulphoret  of  calcium  is  formed,  and  this  sulphuret 
dissolves  any  sulphuret  of  arsenic  which  is  thus  removed  to  the  supernatant  liquor. 
The  advantages  of  melting  and  purifying  the  sulphur  by  the  above  process  are — 
the  sulphur  need  not  first  be  carefully  washed  and  dried,  fuel  is  saved,  the  sulphui^ 
fireed  from  arsenic,  and  brought  to  the  best  state  for  pouring  into  moulds.  Figs.  83 
and  84  represent  the  melting  vessel ;  the  cast-iron  cylinder,  b,  is  surrounded  by  a 
wrought-iron  cylinder,  a,  and  the  whole  inclined  to  admit  of  the  molten  sulphur 
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collecting  at  the  lowest  part  of  b.  The  sulphur  paste  is  kept  stirred  by  an  apparatus 
in  gearing  at  b  with  some  motive  power.  The  paste  is  poured  into  b  at  m ;  at 
a  steam  is  introduced,  passing  at  o  into  the  inner  cylinder,  and  let  off,  when  the 
melting  is  finished  through  d  and  the  valve,  v  ;  the  molten  sulphur  is  run  off  at  z ; 
8  is  a  safety  valve.  By  this  process  50  to  60  per  cent  of  the  sulphur  contained  in 
the  soda  waste  is  recovered,  for  every  cwt.  recovered  2  to  2}  cwts.  of  hydrochloric 
acid  being  employed.  If  this  acid  were  too  expensive,  the  residues  of  chlorine 
manufacture  might  be  used,  these  residues  consisting  mainly  of  chloride  of  manganese, 
firee  hydrochloric  acid,  and  chloride  of  iron ;  the  first  step  would  then  be  to  free 
these  residues  from  the  chloride  of  iron  by  means  of  the  lixiviated  soda  waste 
added  in  small  quantities  at  a  time ;  sulphuretted  hydrogen  would  be  given  off,  and 
FcaCle  reduced  to  FeCl^,  the  changed  colour  indicating  the  end  of  the  reaction. 
The  dirty  grey-coloured  sulphur  from  this  reaction  should  be  burnt  in  the  pyrites  or 
sulphur-burning  furnace.  The  prepared  residue  would  now  be  fit  for  employment 
as  a  substitute  for  hydrochloric  acid.  Should,  however,  some  monosulphuret  of 
calcium  be  present  in  the  soda  waste  liquor — not  a  very  likely  occurrence — some 
hydrochloric  acid  must  be  added  before  using  the  residues. 
8iindxTM«iiiodaof  Amoug  the  many  methods  which  have  been  proposed  for  the 
iSiiStL  of  8od»?  preparation  of  soda  the  following  especially  deserve  notice.  According 
to  Kopp's  methods  of  soda  manufacture  sulphate  of  soda,  oxide  of  iron,  and  carbon 
are  smelted  together  in  an  ordinary  soda  fdmace: — 
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2Fea03 

3NaaS04 

i6C 


jdeld  by 
calcination 


Fe.NaeSa. 
14CO. 
.  2CO2. 


The  crude  soda  absorbs  from  the  air  water,  oxygen,  and  carbonic  acid,  becoming 
converted  into  carbonate  of  soda  and  an  insoluble  residue  of  sulphuret  of  iron 
containing  sodium,  Fe4Na6S3 : — 

Fe4Na6S3' 


2C0a  J  (J?e4JNaa&3 


The  lixiviation  is  effected  with  warm  water  at  30®  to  40** ;  the  liquors  yield  after 
twenty-four  to  twenty-eight  hours,  without  any  previous  concentration,  a  large  crop 
of  beautifully  crystallised  soda.  The  insoluble  residue  of  the  lixiviation  is  dried 
and  roasted  to  produce  sulphurous  acid,  employed  in  the  manufacture  of  sulphuric 
acid,  used  in  its  turn  for  the  conversion  of  common  salt  into  sulphate  of  soda.  Thus 
the  cycle  of  changes  in  the  sulphur  is  complete : — 


Fe4NaaS3 
14O 


yield 


2Fe203 

NaaS04 

.2S0a 


The  sulphate  of  soda  present  in  the  calcined  residue  is  removed  by  lixiviation. 

It  cannot  be  denied  that  this  process  presents  certain  advantages. 

Direct  conTenion  of  ^  P^*^  '^'  *^®  direct  oonverslon  of  common  salt  into  soda  has  long 
Common  Salt  been  sooght,  but  hitherto  not  successfnly  carried  into  practice.  When 
Into  Sod*.  ^  concentrated  solution  of  bicarbonate  of  ammonia  is  mixed  with 
strong  brine,  or,  better  still,  the  pulverised  bicarbonate  stirred  through  a  concentrated 
solution  of  salt,  and  this  mixture  left  to  stand,  the  result  will  be  that  after  some  hours 
bicarbonate  of  soda  will  be  deposited  in  crystalline  state,  the  supernatant  liquid  being  a 
solution  of  sal-ammoniac.  As  bicarbonate  of  soda  on  being  gradually  heated  to  redness 
loses  a  portion  of  its  carbonic  acid,  and  is  converted  into  monooarbonate  of  soda,  this 
process  has  been  suggested  as  suited  for  the  manufacture  of  soda,  'and  has  been 
tried  by  Dyar  and  Hemming  in  England.  Schloesing  and  Holland  in  1855  took  out  a 
patent  for  some  improvements  on  this  method  of  soda  manufacture,  of  which  the 
following  is  an  outline: — The  first  operation  consists  in  the  action  of  ammonia  and 
carbonic  acid  upon  a  concentrated  salt  solution ;  to  100  parts  of  water  30  to  33  parts  of 
common  salt,  8^  to  10  of 'ammonia,  and  carbonic  acid  in  excess  are  taken.  The  next 
step  is  the  separation  of  the  bicarbonate  of  soda,  which  is  effected  by  a  centrifugal 
machine.  The  third  stage  is  the  calcination  of  the  bicarbonate  of  soda  in  cylindrical 
iron  vessels,  the  carbonic  add  gas  given  off  being  coUeoted.  The  fourth  and  fifth 
operations  aim  at  the  recovery  of  the  carbonic  acid  and  ammonia  from  the  liquid  drained 
from  the  bicarbonate  of  soda  while  in  the  centrifugal  machine.  The  liquid  is  heated  in 
a  boiler,  the  result  being  the  escape  of  the  ammonia  and  carbonic  acid,  which  are  con- 
ducted to  a  cylinder  filled  with  coke,  through  which  a  cold  aqueous  solution  of  car- 
bonate of  ammonia  trickles,  causing  the  condensation  of  the  ammonia,  the  carbonic 
acid  escaping  into  a  gasholder.  Next,  milk  of  lime  is  added  to  the  liquid,  and  the  heating 
being  continued,  all  the  ammonia  is  expelled.  Lastly,  the  clear  supernatant  Uqnid  is 
evaporated  to  recover  the  common  salt.  According  to  Heeren^s  researches  on  this  subject, 
this  process  is  more  suited  for  the  preparation  of  bicarbonate  of  soda ;  it  is  stated,  how- 
ever, that  the  researches  of  Marguerite  and  Sourdival  have  resulted  in  improvements  on 
this  method  which  may  in  future  lead  to  its  being  advantageously  adopted  in  some 
localities  for  the  manufacture  of  soda. 

Soda  from  cryoute.      Cryolite  (Alallg.eNaFl)  is  largely  employed  for  the  manufacture 
of  soda  by  decomposing  the  mineral  by  ignition  with  lime : — 

I  mol.  of  Cryolite)  |6  mols.  of  Fluoride  of  calcium. 

6  mols.  of  Idmo    )    ^^        \\  mol.  of  Aluminate  of  soda. 

This  last  compound  being  soluble  in  water  is  decomposed  by  carbonic  acid,  and 
alumina  precipitated,  soda  remaining  in  solution.     100  kilos,  of  cryolite  yield — 
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Dry  caustic  soda    44    kilo^ 

Calcined  soda 75 

Crystallised  carbonate  of  soda    ...  203 
Bicarbonate  of  soda      iiQ'S 

Bauxite  (see  under  Alumina),  on  ignition  vith  sulphate  of  soda  and  carbonaceous 

matter,  yields  in  a  similar  manner  soda  and  alumina. 
• 
Sod*  from  Nitrate      ^7  ^^^  conversion  of  nitrate  of  soda  into  nitrate  of  potasRa  by  the  aid 
of  Soda.        of  carbonate  of  potassa  (see  under  Saltpetre)  not  inconBidcrable  quantities 
of  a  strong  solution  of  soda  are  obtained ;  the  sodium  of  the  Rodium  nitrate  may  be 
converted  by  any  of  the  following  means  into  soda  or  caustio  soda: — 

a.  By  igniting  nitrate  of  soda  with  carbonaceous  matter. 

b.  By  igniting  nitrate  of  soda  with  silica,  and  decomposing  the  silicate  of  lodium 

by  carbonic  acid. 
r.  By  igniting  nitrate  of  soda  with  manganese. 
d.  By  the  decomposition  of  nitrate  of  soda. 
a.  By  means  of  carbonate  of  potassa ;  or, 
/3.  By  means  of  caustic  potassa. 
In  the  latter  case,  besides  nitrate  of  potassa,  caustic  soda  is  formed. 

Grasucsoda.  This  substauce,  sodium  hydroxide  (NaHO),  is  met  with  in  commerce 
as  a  highly  concentrated  solution,  or  more  frequently  as  a  solid  mass,  fused  hydrate 
of  soda,  consisting  in  loo  parts  of  775  parts  of  soda  and  225  parts  water.  For 
many  years  a  moderately  strong  solution  of  caustic  soda  was  prepared  by  treating 
a  carbonate  of  soda  solution  with  caustic  lime,  but  Dale  was  the  first  to  use  this 
solution  instead  of  water  in  his  boilers,  and  thus  concentrate  the  lye  to  a  sp.  gr.  of 
1*24  to  I  25,  after  which  the  ley  was  further  evaporated  in  cast-iron  cauldrons  to  a 
sp.  gr.  of  1*9,  at  which  point  it  solidifies  on  cooling. 

Instead  of  using  caustic  lime,  caustic  soda  is  now  directly  produced  by  simply 
increasing  the  quantity  of  small  coal  added  to  the  mixture  of  sulphate  and  chalk, 
tlie  crude  soda  being  at  once  lixiviated  with  water  at  50^.  After  the  liquor  has 
cleared,  it  is  rapidly  concentrated  to  1*5  sp.  gr.,  when  carbonate,  sulphate,  and 
chloride  of  sodium  are  deposited,  the  liquor  assuming  a  brick-red  colour,  due  to  a 
peculiar  compoimd  of  double  sulphuret  of  sodium  and  sulphuret  of  iron.  The  ley 
is  next  strongly  heated  in  large  cast-iron  cauldrons,  and  there  is  added  3  to  4  kilos, 
of  Chili- saltpetre  for  every  100  kilos,  of  caustic  soda  required ;  by  tliis  operation  the 
nitrate  of  soda  reacts  upon  the  sulphuret  of  sodium  and  cyanide  of  sodium  present, 
causing  an  abundant  evolution  of  ammonia  and  nitrogen.  This  somewhat  com- 
plicated process  may  be  elucidated  by  either  of  the  two  following  formulsB : — 
o.  2Na^S4-2NaN03-f4H20=2Na2S04-f2NaH0+2NH3. 
p.  5NaaS-|-8NaN03-f4HaO=5Na2S04+8NaHO-|-8N. 

According  to  Pauli,  the  kind  of  reaction  depends  chiefly  on  the  temperature  of  the 
heated  ley ;  at  155°  ammonia  is  largely  evolved ;  above  155°  and  with  greater  con- 
centration of  the  ley  nitrogen  is  given  off.  As  for  every  ton  of  caustic  soda  produced 
this  process  absorbs  075  to  i  cwt.  of  nitrate  of  soda,  the  ley  is  in  some  works  oxidised 
by  filtering  it  through  a  column  of  coke,  or  by  forcing  air  through  it  in  minute  jets. 

New  Methods  of  cansUe  Amoug  these  Is  the  decomposition  of  sulphate  of  soda  by  means  of 
sodA  Manafaetare.  oaustic  baryta,  a  rather  expensive  process,  baryta  white  or  permanent 
white  being  a  by-product.  Ungerer  uses  caustic  strontia  instead  of  caustic  baryta.  Caustio 
soda  may  be  prepared  by  treating  cryolite  for  sulphate  of  alumina  (see  Alum),  or  by 
igniting  nitrate  of  soda  with  manganese ;  or  by  decomposing  silioo-nnoride  of  sodium 
or  fluoride  of  sodium  with  caustio  lime.  In  England  very  pure  caustio  soda  is  prepared 
from  sodium  by  carefully  oxidising  the  metal  with  pure  water  in  bright  iron  or  silver 
vessels. 
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According  to  Dalton's  researches : — 

A  canfltic  soda  liqnor  of  tho  Contains  percentage  of  canstio 

undermentioned  sp.  gr.  soda  (NaHO.) 

200  77*8 

1-85  636 

172  538' 

I  63  46*6 

1*56  412 

150  368 

1*47  340 

144  310. 

140  29*0 

136  260 

132  230 

1 29  190 

123  160 

118  130 

1*12  9*0 

106  47 

Canstio  soda  is  largely  used  in  soap  making,  paraffin  and  petroleum  refining,  and  iho 
preparation  of  silicate  of  soda  and  artificial  stone  by  Bansome  and  Sims*s  method. 

Bicarbonate  of  Soda.      Thls  substancc,  NaHCOs,  Called  erroneously  carbonate  of  soda 

in  many  of  the  London  shops,  consists  in  100  parts  of  369  soda,  1073  water,  and 

52*37  carbonic  acid,  and  is  prepared  by  passing  a  current  of  washed  carbonic  acid 

gas  through  a  solution  of  carbonate  of  soda.    If  the  solution  is  concentrated  the 

bicarbonate  is  deposited  as  a  powder,  but  from  a  dilute  solution  large  crystals  are 

obtained.    It  is,  however,  more  advantageous  to  cause  the  carbonic  acid  to  act 

upon  crystallised  and  effloresced  carbonate  of  soda ;  a  suitable  mixture  consists  of 

I  part  of  crystallised  and  4  parts  of  effloresced  carbonate  of  soda.    The  sources  of 

carbonic  acid  may  difier,  but  in  this  country  the  gas  is  generally  prepared  by  the 

action  of  weak  hydrochloric  acid  upon  chalk  or  limestone ;  of  course  the  carbonic 

acid  evolved  during  the  fermentation  of  wort,  or  must,  may  be  applied. 

When  carbonic  acts  upon  crystallised  carbonate  of  soda  there  is  first  formed 

sesquicarbonate  of  soda ;  the  9  equivalents  of  water  which  are  displaced  from  each 

equivalent  of  crystallised  carbonate  of  soda  are  collected  in  a  reservoir,  and  this 

liquid  having  of  course  dissolved  a  portion  of  the  bicarbonate  is  employed  at  a 

future  operation  for  moistening  the  crystallised  soda  carbonate.    The  bicarbonate 

is  dried  at  40°  in  a  current  of  carbonic  acid  gas.    The  preparation  of  the  bicarbonate 

by  withdrawing  from  the  monocarbonate  by  the  aid  of  an  acid  one-half  of  the  soda 

it  contains  has  been  suggested ;  for  this  purpose  28  i  parts  of  crystallised  sodic 

carbonate  are  dissolved  in  twice  their  weight  of  warm  water,  and  ^j%  parts  of 

sulphuric  acid  added,  care  being  taken  not  to  move  the  vessel.    Being  left  to  stand 

for  several  days  the  bicarbonate  is  deposited  in  crystals.      It   has   been    seen 

that  when  a  solution  of  common  salt  is  treated  with  bicarbonate  of  ammonia,  the 

result  is  the  formation  of  bicarbonate  of  soda  and  sal-ammoniac,  which  remains  in 

solution.    Bicarbonate  of  soda  crystallises  in  monoclinical,  tabular  crystals ;  has  a 

weak  alkaline  reaction ;  loses  its  carbonic  acid  at  70°,  and  becomes  monocarbonate 

of  soda ;  and  by  exposure  to  dry  air  is  gradually  converted  into  sesquicarbonate. 

The  bicarbonate  is  employed  generally  in  the  preparation  of  effervescing  drinks,  and 
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with  hydrochloric  or  phosphoric  acid  in  makiiig  brecid  without  fermealAtion.  Tho 
6irther  oses  of  this  salt  axe — the  precipitation  of  the  alumina  from  Bodiam-alnminate 
solntionB,  for  the  preparation  of  baths,  for  gilding  aud  platinising,  and  for  purifjing 
■■d  cleansing  ailk  and  wool,  i  grm.  of  the  bicarbonate  yields,  when  completelf 
decomposed  by  an  acid,  about  270  c.c.  of  oatbonic acid  gas  =  053  grm.  by  weight 

The  total  production  of  soda  in  Europe  autoimted  in  1S70  to  11,850,000  owta.,  of 
wHieli  Oreat  Britain  produced  6,250,000  cwts, 

PRBPASAIION   OF   loDINE   AND   BrOUINE. 

rn(BUi«  01  ledini.  This  element  occurs  in  sea- water,  from  which  it  is  taken  up  by 
Tsrions  sea-weeds ;  from  these  sea-weeds  iodine  ia  derived  industrially.  Chili-salt- 
petre and  some  saline  springs  (for  instance,  the  Suiza,  Sadism  Weimar]  contain 
iodine  in  considerable  qoantity.  Although  iodine  ia  found  in  the  mineral  kingdom 
(for  instance,  in  the  iodide  of  lead  and  phosphorites  of  Amberg,  Bavaria,  and  Diez  on 
the  Lahn),  it  is  not  in  this  case  industrially  important.  The  chief  seat  of  iodine 
mannfactnre  is  at  Glasgow,  where  there  are  twelve  factories ;  there  aro  two  iodine 
factories  in  Ireland,  and  two  at  Brest,  in  France. 

pnfuMian  bom  Kttp.  In  order  to  obtain  iodine  from  sea-weeds,  the  latter  are  first  con- 
verted into  kelp,  that  is  to  say,  they  are  incinerated,  the  product  broken  to  pieces 
and  lixiviated  with  water,  leaving  an  insoluble  residue  of  30  to  40  per  cent,  and 
yielding  to  the  liquid  60  to  70  per  cent.  This  solution,  having  a  sp.  gr.  of 
t'lS  to  t'20,  contains  chlorides,  sulphates,  and  carbonates  of  alkalies,  sulphnret 
of  potasdnm,  iodide  of  potassium,  and  hyposulphites  of  alkalies ;  by  evaporating 
and  cooling  the  liquor,  the  sulphate  of  potaasa  and  chlorides  of  potassium  and 
sodium  are  removed.  To  the  remaining  mother-liqnor,  previously  poured  into 
shallow  open  vessels,  dilute  sulphuric  acid  is  added,  the  result  being,  that  while  a 
strong  evolntJon  of  gases,  sulphuretted  hydrogen,  and  carbonic  acid  takes  place, 
there  is  formed  a  thick  scum  and  a  deposit  of  sulphur  at  the  bottom  of  the  vessel ; 
the  sulphur  when  washed  and  dried  is  sold.  When  the  evolution  of  gas  has 
completely  ceased,  more  sulphuric  acid  is  added,  and,  according  to  Wollaston's 
nfethod,  the  required  quantity  of  manganese ;  this  mixture  is  poured  into  a  large 
leaden  distill mg  apparatus,  c.  Fig  85.    By  this  means  the  iodine  is  set  free,  carried 

Fio.  85. 


over  in  the  slate  of  vapour  to  the  receivers,  b,  b',  b",  and  condensed  as  a  solid 
crystalline  mass.  In  Paterson's  lai^e  iodine  works  at  Glasgow  this  operation  ia 
carried  on  in  a  cast-iron  hemispherical  vessel  of  13  metres  diameter,  the  cover 


)  iodine  ie  Beparatfiil,  and  if  too  largo 
,  both  of  which  being  volatile  escape, 
is  drained  on  porous  bricks  or  tiles. 
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being  a  leaden  dome,  to  which  ore  fitted  two  earthenware  atiUheads,  connected 
by  means  of  porcelain  tubing  with  two  earthenware  receivers,  Fig.  85,  eai'li 
condsting  of  4  to  5  parts.  At  Cherbourg,  iodine  ia  obtained,  according  to  Bamiel's 
plan,  by  passing  chlorine  gas  into  tho  mother-liquor ;  by  this  plan  the  iodine  is  sepa- 
rated from  the  iodide  of  ma^esium,  the  latter  taking  up  chlorine  instead — 

(MgI,+Cl,=MgCU+I,). 
A  more  recent  method,  by  which  all  the  iodine  present  in  the  niothcr-litiuor  is  obtaiDcd , 
consists  in  distilling  the  liquor  with  chloride  of  iron — 

(2NaI+Fe,Cl6= 21+ 2Naa+  aFeCy . 
As  iodine  is  only  very  sUghtly  soluble  in  water,  i  part  of  iodine  requiring  5524  parts 
of  water  at  10°  to  12'  for  its  solution,  that  ia,  i  grain  of  iodine  b>  iz  ounces  of  water, 
it  is  carried  over  with  tho  Bteum  and  deposited  at  tho  bottom  of  the  recpiver  in  tho 
form  of  a  black  powder.  When  iodine  is  prepared  by  the  aid  of  chlorine,  tho 
quantity  of  gas  should  bo  exactly  sufScient  to  decompose  the  iodide  of  magneaium, 
for  if  the  quantity  of  cMorine  be  too  small  n 
chloride  of  iodine  is  formed  and  free  bromint 
The  iodine  when  removed  Irom  the  receivers 

and  dried  between  folds  of  blotting-paper.    It  need  hardly  be  said  that  the  iodine 
FiQ.  86.  should  not  come  in  contact  with  a 

metallic  surface.  The  iodine  thus 
obtained  has  to  be  purified  by  sub- 
limation, an  operation  carried  on  in 
the  apparatns  represented  in  Fig.  86, 
consisting  of  stoneware  retorts,  <:c, 
placed  in  the  sand-bath,  b.  heated 
as  shown  m  tho  woodcut.  Each  of 
these  retorla  is  filled  witli  upwards 
of  40  lbs  of  crude  iodiuo,  and 
entirely  surrounded  by  sand  in  order 
to  prevent  the  sublimation  of  any 
iodine  m  the  necks  of  tlic  retorts. 
These  are  then  connected  with  tho 
ir  condenser,  KB,  in  which  the  crystalline  iodine  is  deposited,  the  tubes,  «  h, 
ah,  being  for  the  purpose  of  carrying  off  the  watery  vapour,  i  ton  of  kelp  yields  on 
an  average  4*07  kilos,  of  iodine. 

suuiird ud Horidai  ]j,  iggi  jt.  Stanford  BuggeBted  that  the  Bea-weeds  Bhonld  not 

IKS'SX^SfftS.V'SS'  be  calcined,  but  pimply  dietilled  with  superheated  steam,  bo  8«  to 
prevent  volatiliBation  of  the  iodine,  while  the  tarry  and  gaHBOus  produotB  should  be  eep^ 
rately  ntilised.  This  oarboniaad  Bea-weeil,  when  quite  cold,  iB  liiiviated  with  water,  and 
the  Bolntion  treated  for  iodine  and  chloride  of  potaaBiom  (sea  p.  130).-  The  volatile  pro- 
ducts o[  the  diHtiUation  aie  iliomiuating  gas,  aoetio  acid,  ammonia,  mineral  oil,  and 
paraffin.  M.  Moride,  of  Nantes,  has  modified  this  prooeBB;  he  prepares  by  evaporatino; 
the  liquor  from  the  liiiviation  of  tho  oarbonisod  aea-weed,  sulphate  and  chloride  of 
potasBium,  &c.  The  mother-liquor  is  treated  with  ohlorine  or  hyimnitric  aoid,  and  then 
with  benzine,  in  an  appaiatiw  bo  arrangad  that  the  benzine  directly  givea  up  the  iodine  it 
has  disaolved  to  Boiin  or  potassa,  the  henzme  thuH  acting  ae  a  continaona  solvent.  The 
liquor  containing  iodine  is  treated  for  the  Beparation  o(  iodine  in  the  UBnal  manner. 
Pnpu>tb>i>D(i,>dif,ilnm  Crude  Chili-saltpetre  contains  on  an  average  0-059  *"  °''75 
Oiui-a^wur.  pet   cent   of  iodine.      According   to   Nollner,  the  iodine  occurs 

from  tho  formation  of  tho  Chili -saltpetre  in  the  presanoo  of  decaying  »CA-wced» 
from  ahailow,  Btagnant,  inland  saaa,  which  have  dried  up.  The  mother-liquorB 
left  alter  the  refining  of  the  nalt,  or  from  its  use  tor  the  conversion  of  dilonde  of 
potassium  into  nitrate  of  potassa,  and  containing  o-aS  to  0-36  per  cent  of  lodmc,  are 
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treated  with  snlphnrons  acid  until  the  iodine  separated  begins  to  re-dissolve.  More 
recently  nitroas  acid  has  been  used  instead  of  solphurons  acid.  The  iodine  thus  obtained  is 
refined  by  sublimation,  while  that  remaining  in  the  residual  saline  matter  is  removed  by  a 
further  treatment  with  chlorine. 

propeitiet  and  usM  of  Iodine.  Iodine  (1=127;  ^P-  8'"-=4*94)  ^s  a  black-grey  coloured 
crystalline  substance,  with  a  metallic  appearance  not  unlike  grai)hite.  On  being 
heated  iodine  is  converted  into  vapours  which,  according  to  Stas,  when  concentrated 
exhibit  a  blue  colour,  and  a  violet  in  a  more  dilute  state.  Iodine  fuses  at  115°, 
and  boils  above  200**.  It  is  somewhat  soluble  in  water,  readily  so  in  alcohol, 
ether,  hydriodic  acid,  iodide  of  potassium  solution,  sulpliido  of  carbon,  chloroft)rm, 
benzol,  aqueous  solution  of  sulphurous  acid,  and  solution  of  hyposulphite  of  soda. 
A  solution  of  iodine  imparts  a  violet  colour  to  starch.  Adulteration  of  iodine 
with  either  pulverised  charcoal  or  grapliite  may  be  at  once  detected  by  treating 
a  sample  with  alcohol  or  a  solution  of  liy^osulx)hite  of  soda,  in  each  of  which 
the  iodine,  if  pure,  ought  to  dissolve  completely,  leaving  no  residue  on 
sublimation.  Sometimes  the  weight  of  iodine  is  fraudulently  increased  by  the 
addition  of  water.  Iodine  is  largely  used  in  photography  combined  as  iodide 
of  potassium;  for  the  preparation  of  other  iodine  compounds,  for  instance,  iodide 
of  mercury ;  also  in  the  preparation  of  some  of  the  tar  colours,  iodine  violet, 
iodine  green,  and  cyanine  blue,  tlie  latter  a  compound  from  iodine  and  Icpidin,  a  vola- 
tile base.  The  total  production  of  iodine  in  Europe  and  Chili  amounted  in  1869  ^ 
3453  cwts.,  more  than  half,  or  1829  cwts.,  being  produced  in  Scotland  and  IreLmd. 

Preparation  of  Bromin«.  Thc  element  kuowu  as  bromine  occurs  to  a  small  extent  in  sea- 
water,  a  litre  containing  0061  grms.  bromine.  The  motlier-liquors,  however,  of 
many  salt  works  (for  instance,  tliose  at  Schonebeck,  near  Magdeburg,  and  tlio 
liquors  left  from  many  of  the  Stassfurt  salts)  are  so  rich  in  bromine,  tliat  its  prepara- 
tion is  worth  the  cost  and  trouble.  In  order  to  avoid  as  much  as  possible  the 
admixture  of  chlorine,  there  is  added  to  the  mother-liquor  dilute  sulphuric  ttcid ; 
this  mixture  is  heated  to  120^  and  tlie  hydrochloric  acid  set  free  by  tlie  sulphuric 
acid  evolved,  while  the  less  volatile  hydrobromic  acid  is  left  in  tlie  liquor,  from 
which,  on  cooling,  sulphates  are  deposited.  The  decanted  liquor  is  distilled  after  the 
addition  of  more  sulphuric  acid  and  some  manganese.  Two  Woulfe's  bottles  serve 
as  receivers ;  in  the  first  are  condensed  water,  bromine,  bromoform,  and  bromide  of 
carbon,  wliile  any  bromine  vapours  which  pass  over  to  the  second  bottle  are 
absorbed  in  the  caustic  soda  it  contains.  The  ley  contained  in  tliis  vessel  is  evapo- 
rated to  (byness,  the  residue  ignited  in  order  to  convert  bromate  of  soda  into 
bromide  of  sodium  ;  the  saline  mass  being  tlien  mixed  witli  sulphuric  acid  and  man- 
ganese and  distilled,  yields  pure  bromine,  best  preserved  under  strong  sulphuric  acid. 

According  to  Leisler's  patent  (1866)  bromine  is  separated  from  the  mother-liquor  left  by 
operations  with  koinite,  or  camaUite,  or  from  the  water  of  the  Dead  Sch)  containing, 
aoeording  to  Lartet*s  analysis,  in  i  litre,  taken  from  a  depth  of  300  metres,  7*093 
grms.  s  0*7  per  cent  of  bromine)  by  adding  bichromate  of  potassa  and  an  acid  ;  heat  bcdng 
applied,  tne  bromine  is  volatilised  and  collected  in  a  condenser  filled  with  metallic  iron. 
From  the  bromide  of  iron  thus  formed,  either  the  element  itst^lf  or  any  of  its  compounds 
may  be  obtained.  The  apparatus  employed  by  this  patentee  is  a  distilling  apparatus ;  the 
acid  is  hydrochloric  diluted  with  four  times  its  bulk  of  water;  to  100  ports  by  bulk 
of  the  bromine  fluid,  i  part  by  bulk  of  acid  is  added.  The  bichromate  is  adde<l  in  a 
aaioratod  aqueous  solution.  The  bromide  of  iron  formed  becomes  dissolved  l)y  the 
aqueous  vapour,  and  condensed  in  the  receiver.  Bromine  is  the  only  metalloid 
fluid  at  ordinary  temperature.  Seen  in  thick  layers  its  colour  is  a  diK>p  l»rown-red, 
Imt  in  thin  layers  a  hyaoiiith-red ;  itt^  odour  is  strong  and  similar  to  that  of  chlorine 
fpw.  The  aqueous  solution  of  bromine  —  i  part  requiring  30  purts  of  water  for 
iU  iolution — is  of    a  yuUow-red  colour  when   freshly  made,   but  hke  chlorino-wator 

o 
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does  not  keep  well,  and  is  soon  converted,  especially  if  exposed  to  light,  into  a  colonrless 
solution  of  weak  hydrobromic  acid.  loo  parts  of  bromine  water  contain  at  15°,  3*226  parts 
of  bromine;  bromine  forms  with  water  a  solid  hydrate  at  0°.  It  is  readily  solnble 
in  ether,  alcohol,  chloroform,  and  hydrobromic  acid.  It  yields  with  an  aqueous  solution 
of  sulphurous  acid  hydrobromic  acid — 

(S02+H20+2Br=S03+2BrH). 

Bromine  boils  at  63°,  giving  off  deep  red  vapours;  at  —  7*3"  it  becomes  a  lead-grey 
coloured,  foliated,  graphite-like  mass.  Bromine  acts  upon  colouring  matters,  dyes,  and  the 
colours  of  flowers  as  does  chlorine,  while  organic  matters,  especiaUy  those  of  animal 
origin,  are  coloured  brown.  It  is  used  in  combination  as  bromides  of  potassium, 
ammonium,  cadmium,  and  hypobromite  of  potassa,  for  photographic  purposes  and  in 
medicine;  and  further  as  bromides  of  ethyl,  amyl,  and  methyl,  for  the  preparation 
of  some  of  the  tar  colours,  Hofmann's  blue,  and  the  preparation  of  alizarine  from 
anthracen.  Bromine  is  also  used  as  a  disinfectant,  and,  according  to  Beichardt,  may  with 
advantage  be  substituted  for  chlorine  in  the  preparation  of  ferricyanide  of  potassium. 
Since  the  year  1866  bromine  has  been  manufactured  at  Stassfurt,  now  the  chief  ])ronnuo 
producing  locality.  The  total  annual  production  of  bromine  in  Europe  and  America 
amounts  to  1150  cwts.,  of  which  400  cwts.  are  obtained  at  Stassfurt  and  300  cwts. 
in  Scotland. 

Sri.PHrR. 

Sulphur.  In  combination  with  coals,  rock-salt,  and  iron,  sulphur  is  the  mainstay  of 
present  industrial  chemistry.  It  is  often  found  native  between  gj-psuin,  clay,  and  marl  in 
tertiary  deposits,  more  rarely  in  veins  between  crystalline  rocks  of  the  schistose  and 
metamorphic  varieties,  and  not  unfrequently  in  coal  and  lignite  deposits.  Sulphur 
is  an  almost  constant  product  of  active  volcanoes,  being  sublimed  and  deposited  on 
surrounding  objects.  The  largest  sulphur  deposits  in  Europe  are  met  witli  in 
Sicily.  It  is  also  found  in  Egypt  on  the  banks  of  the  Red  Sea,  especially  near  Suez ; 
at  Corfu,  one  of  the  Ionian  Islands ;  near  the  Clear  or  Borax  Lake  in  California ;  on 
the  slopes  of  the  Popocatepetl,  in  the  province  of  Puebla,  Mexico,  where  yearly 
2000  cwts.  of  sulphur  are  collected.  Frequently,  sulphur  is  deposited  from  the  sul- 
phuretted waters  of  mineral  springs ;  for  instance,  the  waters  of  Aix-la-ChapeUe. 
Sulphur  occurs  in  combination  with  metals,  as  in  iron  pyrites,  FeSa,  with  53  3 
per  cent  of  sulphur ;  this  mineral  often  contains  thallium.  Tlie  quantity  of  sulphur 
contained  in  the  following  minerals  is,  from  100  parts: — Iron  pyrites  (FeSa),  53  3 ; 
copper  pyrites  (FeaCugSe),  349  ;  magnetic  iron  pyrites, mundic  (Fe^Ss,  or, according 
to  Th.  Petersen,  FeS),  395  ;  galena  (PbS),  1345  ;  black-jack  (ZnS),  330;  kieserite 
(MgS04-f-H20),  23-5  ;  anhydrite  (CaS04),  235  ;  gypsum  (CaS044-2H20),  186 ;  gas 
coal,  10.  According  to  Dr.  Wagner,  the  quantity  of  sulphur  present  in  the  coals 
used  in  the  London  gasworks  aiuuiaUy,  amounts  to  200,ocx>  cwts.,  equal  to  612,500 
cwts.  of  sulphuric  acid. 

Although  sulphur  occurs  native  as  sulphuretted  hydrogen  and  sulphurous  acid, 
especially  near  active  volcanoes,  this  is  not  of  much  industrial  use.  The  regenera- 
tipn  of  sulphur  from  soda-waste  is  decidedly  one  of  tlie  most  important  items  in  the 
sulphur  industry. 

smeiungand RcflniuR  Accoi-dlng  to  thc  Comparative  richness  of  the  raw  material,  the 
sulphur  is  separated  from  its  concomitant  impurities  by  melting  or  by  distil- 
lation. When  the  raw  material  is  rather  rich  it  is  simply  submitted  to  a  process  of 
melting  in  a  cast-iron  cauldron,  b  (Fig.  87),  heated  by  a  gen  tie  coal  or  charcoal  fire 
placed  in  a.  During  the  laelting  the  mass  is  stirred  with  an  iron  rod,  and  as  soon 
as  the  sulphur  has  become  quit^  fluid,  the  gangue  and  small  stones  are  removed  by 
means  of  tiie  ladle,  c.  This  done,  the  sulphur  is  poured  into  a  wooden  or  sheet-iron 
vessel,  D,  thoroughly  wetted  with  water  to  prevent  the  adhesion  of  the  sulphur  to  tiie 
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sides.  The  sulphur  when  cold  and  solid  is  broken  into  large  lumps  and  packed  in 
casks  ready  for  llic  market.  The  stones  oud  gangue  are  placed  in  heaps,  or  more 
oommonly  introiluced  into  a  shaft  furnace  (Fig.  88),  and,  a  portion  of  the  sulphur 
being  sacrificed  l«  servo  as  fuel,  llic  greater  port  of  the  element  ia  oliminaled  by  the 
following  plan :— A  small  portion  of  the  crude  sulphur  is  ignited  in  the  lower  part  of 
tlie  furnace,  and  the  sliaft,  e,  filled  with  large  lumps  of  the  earthy  sulphur  ore.  from 


which,  rapidly  ignited  superficially,  the  molten  sulphur  tnokles  down.  The 
openings,  ///,  give  access  to  the  air  rei]Uired  for  the  combustion  of  a  portion  of  the 
sulphur.  The  sulphur  collects  in  tlie  lower  part  of  tlie  fiimact  and  is  lopped  off 
by  the  channel  ij  into  wooden  or  sheet-iron  veasela.  A  far  better  method  of  pre- 
paring suljiliur  from  the  ore  is  by  distillation,  the  apparatus  bciug  tliat  exhibited  in 
Fig.  89.     \  is  a  cast-iron  cauldron,  which  is  filltil  witli  raw  ituiterixl.  and  covered 


with  a  tightly -fitting  inm  lid.  The  IIul^h  ore  so  constructed  as  to  liuat  the  vessel  11 
yently.  The  vapours  of  sulphur  are  carried  by  the  tnbo  m  into  the  condenser,  n, 
whence  the  molten  sulphur  runs  off  into  tlie  vessel  k.  The  previously  wanned  ore  is 
readily  admitted  to  a  by  lifting  the  damper.  7).  From  a  suggestion  maile  by  E.  aad 
P.  Thomas,  sulphur  ia  obtained  from  its  ores  by  the  applicstion  of  superheated 
sl«am  at  130°,  this  mode  of  working  being  the  same  as  that  employed  by  M.  Schatfuer 
for  purifying  the  snlphur  recovered  from  soda-waste.  In  passing,  it  may  be  men- 
tioned lliat  Tery  recently  the  extraction  of  sulphur  from  its  ores  has  been  attempted 
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by  the  aid  of  aolvents,  viz.,  sulpliido  oE  cnrbim  and  a  light  ccml-tar  oil  of  sp.  gr.  =  o'88. 
M.  Mine's  analjses  of  several  samples  of  crude  Sicilian  sulphur  obttusod  bj  smeltin-; 


nCSi) 


Bnlphnr  (aolnble  in 
CarbonnceoQB  matt 
Snlphiu  (iuaoluble  ii 

BiliceouH  saud z'3  l'5 

LimeBtane(aamBtiinoR  cccleetin)      4'i  l'8 

The  bottom  portion  of  the  blocks  of  crude  eolphu 
foreign  substances.    The  cmdo  sulphnr  is  refined  ii 
of  earthy  matter ;  and  after  thin  proeesa  it  is  brought  into  c 
rolls  or  in  powder. 

L*mi->B<iiiiii(Avpuiiiiu.  The  apparatus  for  refining  sulphur,  invented  by  Michel  and 
improved  by  Lamy.  at  Marseilles,  consists  mainly  of  two  cast-iron  cyliudera,  b 
(Fig.gol,  used  as  retorts,  and  n  largo  brick- work  conden  sing-room,  o.   The  cylinder  b 


r  often  contains  25  per  cent  of 
a  order  to  eliminate  all  traces 


is  directly  heated  by  the  fire,  the  smoke  of  wliich  is  carried  off  by  the  chimney,  k. 
The  fines,  c,  however,  surround  d,  where  the  crude  sulphur  undergoes  a  partial  reAniii;,'. 
and  whence  it  fiows  by  the  tube  r  into  Die  cylinder  it.    The  cylinder  u  is  in  commu- 
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nication  with  the  vaulted  room,  g.  At  the  bottom  of  this  room  is  placed  a  cast-iron 
plate  in  which  a  hole  is  bored,  and  fitted  with  a  conical  plug,  j,  connected  with  a  rod, 
H,  80  as  to  admit  of  being  shut  and  opened  for  the  purpose  of  tapping  sulphur  into 
the  cauldron,  l,  whence  it  is  ladled  over  into  the  moulds  placed  in  m.  n  is  a  box  for 
the  roll  sulphur  when  it  has  become  cold. 

Ron  soiphur.  If  it  is  intended  to  prepare  roll-sulphur,  the  mode  of  proceeding  is  the 
following: — Each  of  the  cylinders  is  filled  with  crude  sulphur,  the  lids  firmly 
fastened,  and  the  joints  luted.  Heat  is  at  first  applied  to  only  one  of  the  cylinders, 
and  not  until  haK  of  its  contents  are  distilled  off  is  the  second  cylinder  heated. 
Gradually  the  heat  at  d  increases  to  such  an  extent  as  to  melt  the  crude  sulphur;  by 
this  fusion  the  heavier  earthy  impurities  settle  down,  while  any  moisture  present  is 
driven  off.  When  the  distillation  of  the  contents  of  the  cylinder  first  heated  is 
finished,  that  cylinder  is  filled  with  liquid  sulphur  from  d  by  means  of  the  tube  f. 
The  quantity  of  sulphur  treated  in  twenty-four  hours  yields  1800  kilos,  pure  material 
collected  in  a.  The  temperature  of  this  room  being  112°,  the  sulphur  is  there  kept 
in  a  molten  state,  and  as  soon  as  a  sufficient  quantity  has  collected  at  the  bottom,  it 
is  tapped  off  into  l,  and  cast  in  the  moulds.    When  it  is  desired  to  prepare  flowers 

Fiowen  of  Sulphur,  of  sulphur,  the  modc  of  Operation  is  the  same,  but  the  temperature  of 
o  should  be  kept  at  or  rather  below  1 10°.  This  is  effected  by  making  the  distillation 
interrupted  instead  of  continuous,  so  tliat  in  twenty-four  hours  there  are  only  two 
distillations  of  150  kilos,  each.  As  soon  as  a  sufficient  quantity  of  flowers  of  sulphur 
has  been  condensed  in  the  room  o,  the  door  of  the  room  is  opened  and  the  sulphur 
removed. 

Dujardin  improved  upon  this  apparatus  in  1854.  By  this  process  of  distillation 
of  sulphur  a  loss  of  1 1  to  20  per  cent  is  incurred,  partly  due  to  combustion  of  a 
portion  of  the  sulphur.  The  residue  left  in  the  cylinders  and  vessel  d  is  known  as 
sulphur- slag.  The  ordinary  flowers  of  sulphur  of  commerce  always  contain  some 
sulphuric  and  sulphurous  acids,  wliich  can  be  removed  by  carefully  washing  with 
water.  Sulphur  so  treated  and  gently  dried  is  known  in  pharmacy  as  washed  flowers 
of  sulphiir,  Flores  sulphurU  loti. 

^^'^m^vytiZf^^^      Where  fuel  and  labour  are  cheap,  and  a  good  quality  of  iron  or 

other  pyrites  is  found  in  abundance,  sulphur  may  be  prepared  by  the  following 

process : — 

I.  From  iron  pyrites,  FeSa.    As  this  mineral  consists  in  100  parts  of  467  of  iron 

and  53*3  of  sulphur,  it  is  clear  that  if  half  of  the  latter  be  removed  by  distillation, 

there  will  be  left  a  compound  of  iron  and  sulphur  yielding  green  copperas  after 

oxidation.    Accordingly  iron  pyrites  might  by  distillation  lose  2665  parts  of  sulphur, 

and  the  residue  still  be  fit  for  making  green  copperas ;  but  if  this  quantity  were  to  be 

driven  off  in  practice,  the  temperature  would  require  to  be  raised  so  high  as  to  melt 

the  remaining  monosulphuret  and  lead  to  tlie  destruction  of  the  fire-clay  cylinders. 

The  quantity  of  sulphur  actually  distilled  off  on  the  large  scale  is  only  13  to  14  per 

cent,  leaving  a  pulverulent  residue  which  does  not  attack  the  fire-clay  cylinders. 

The  process  thus  briefly  outlined  is  carried  on  in  the  following  manner : — The  f^tes 
is  put  into  conical  fire-clay  vessels,  a  a,  Fig.  gi,  placed  In  a  somewhat  slanting  position  in 
the  fnmaco ;  the  lower  and  narrower  portion  of  these  vessels  is  fitted  with  a  perforated 
diaphragm  preventing  any  pyrites  failing  down  &,  while  the  volatilised  or  fluid  sulphur 
can  pass  readily  through  the  holes  into  a  receiver,  c,  filled  with  water.  After  the  vessels 
A  A  have  been  filled  with  pyrites,  the  fire  is  kindled  and  the  distillation  set  in  progress. 
The  sulphur  collected  in  the  receiver  has  a  grey-green  colour,  and  is  purified  by  being 
rc-mclted,  after  which  it  is  scut  into  the  market  in  cuorsely  broken  up  lumps.    In  order  to 
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bee  this  kind  of  sulphur  Fiom  aulphuiol  of  aiaciile,  il  is  Bubmitteil  to  diKtillation,  the 
reaidae  being  used  in  veterinary  praetiac.     The  dork  ooloiir  of  thu  sulphur  obtained 
from  pyiilee  in  due  to  on  admixture  ol  tboUiom  tar  more  than   to  the  presence   of 
orsenid.    Ur.   W.  Croakes  found  in   the 
Fia.  91.  solphnr  obtuned  from  Bpaninh  pyrites  as 

mooli  as  oig  per  cent  of  thalUaio. 
,-J''^^~  '  "  FniuuiDBiilBiiteiuirbi       !■  SulphoTmaybe 

--     -    -"-  BouUMCoipjwfjiUM.    obtained  by  the  roast- 

ing of  copper  pyritea.  and  in  this  way 
becomes  a  by-product  of  smelting  copper 
ores.  Formerly  thia  operation  was  carried 
on  in  peonliarly  constmoted  furnaces  in 
the  copper- am^ting  works  of  the  Lower 
Hartz,  Germany ;  at  the  ptesent  time 
sulphnr  from  this  source  is  only  obtained 
at  Agordo  in  Italy,  Wioklow  in  Ireland, 
and  at  Huhlbach.  Salzburg.  Anstria. 
Bojphoiow»iiui« M •  J.  Binee  Laming's 
'kui^Lun.'*  mixture  has  been  em- 
ployed in  purifying  ooal-gaa,  solphor  has 
to  some  extent  been  obtained  as  a  by- 
prodncl.  Loming'B  mixture  is  bydrated, 
or  any  aott  poroua  peroxide  of  iron  mixed 
with  sawdust;  ondin  thismiitnie  snlpfaur 
may  aconmnlBte  to  upwards  of  40  per  cent 
jFej03-)-HjS  =  iFeO-HHiO-HS).  Accord- 
ing to  Hill's  patent  the  snlphuret  of  iron 
is  calcined  to  obtain  sulphnrous  acid, 
which  is  employed  in  the  preparation  ol 
sotphnric  acid. 

JiihnitiiniiBadiWuts  4.  We  have  already 
n,  while  treating  of  the  maDufacture  of 
a  {ride  p.  185)  that  Beveral  proeesses 
duo  to  MM.8cbaffnor,Gackolborger,Hond, 
P.  W.  Hofniaun,  nml  ulbcra.  ore  in  use  for  the  regoneratioo  of  snlpbni  from  soda  waste; 
and  that  the  qnactities  recovered  arc  not  amall  may  be  inferred  from  the  fact  that  the 
Austrian  Ansociation  for  chemical  and  metallurgical  products,  under  the  management  of 
U.  SchafFner,  at  Aussig,  produces  annually  450,000  kQos.  of  snlphur  in  this  manner. 

ii^'B«Si'"ii°'(^B3iIiimu»i         5-  I'n'naB  first  mads  the  observation  that  when  one-third  of 
uidn>afnni»nBui|ihiu<<ti<  licii.  Sulphuretted  hydrogen  is  bnmed  off,  and  the  snlphurous  acid 
prodnoed  conveyed  vrith  another  one-third  of  anlphorotted  hydrogen  into  a  leaden  or  brick 
chamber,  where  uioiatore  abounds,  nearly  all  the  sulphur  ia  regenerated  :^ 
Sulphnrous  acid,  SO,  |      ■  ij    J  Snlphor.  jS. 

Sulphnreltcd  hydrogen,  aHjS  f  '^^^  (Water,  iHjO. 
By  this  reaction,  by  which,  however,  nearly  half  the  aolphur  is  lost  in  the  formation  of 
pentaChionio  acid,  it  has  t>eon  frequently  attempted  to  obtain  sulphur  from  gypsum, 
heavy  spar,  and  soda  waste.  The  proceaa  is  briefly  as  follows  ; — For  instance,  heavy  spar, 
native  snlphato  of  baryta,  is  reduced  to  sulpbaret  of  barium,  which  is  treated  with  hydro- 
chloric acid,  aolpliuretted  bydrogoo  and  chloride  of  barium  of  coorae  being  formed. 
Either  a  portion  of  the  gas  ia  burnt  and  to  the  prodactsof  the  combustion,  anlphiiroaB  acid 
and  water,  the  rest  of  the  gas  added,  or  the  snlphnrctted  hydrogen  is  conveyed  into  water 
to  which  aulphunms  acid  is  simnltaneoaBly  conveyed  from  the  combustion  or  roasting  of 
iron  pyritea.  Mr.  Ooaaago  long  ainco  proved  that,  by  conveying  sulphuretted  hydrogen  into 
chloride  of  iron,  the  sulphur  of  the  gas  ie  deposited.  Sulphur  may  be  obtained  by 
B  similar  reaction  as  a  by-product  of  the  mannfocCare  of  iodine  and  potassa  salts  from 
kelp.  At  Paterson's  iodine  factory  at  Glasgow,  3000  ewts.  of  this  si^phor  are  obttuned 
annually.  Acci>rding  to  E.  Kopp  the  incomplete  combtutioil  of  snlphnretted  hydrogen 
yields  sulpbor  economically  (Ha8-(-0  =  HjO-H8). 
ItMiIn  SI^SImi^m  ^'  Wben  Bnlphoroua  acid  gas  is  conveyed  over  red-hot  charcoal. 
Add  on  chuoMi.  the  latter  is  converted  into  carbonic  acid,  while  Bnlphnr  is  set  free- 
By  thia  reaction  the  anlphorons  acid  from  the  roasting  of  zinc  ores  (black-jack)  is  con- 
verted into  sulphnr  in  large  quantities  at  Borbock,  near  Essen,  PmssJa. 
B)- nutuui  ol  BniphuoiM  7'  Whon  Bolphuretted  hydrogen  js  passed  thTongh  red-bot  tobeB, 
Uftriiaw-  it  IB  decomposed ;  bat  thia  teaetion  is  not  indostmUy  applicable  to 

the  preparation  of  nilpbar. 
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propertiea  and  u«es  The  yellow  colour  of  solphor  ifl  generally  known  ;  at  100*  this  colour 
of  Sulphur.  deepens  and  nearly  disappears.  At  —50°,  sulphur  is  very  brittle  and 
readily  pulverised,  becoming  by  the  friction,  especially  in  warm  and  dry  weather,  so  highly 
electric  as  to  cause  the  particles  to  adhere  strongly  to  each  other.  The  sp.  gr.  of  this 
element  varies  from  1-98  to  2*06.  It  melts  at  115°,  forming  a  thin  yellow  liquid,  which,  at 
160"*,  becomes  thick  and  assumes  an  orange-yellow  colour  ;  when  heated  to  220°,  sulphur 
is  a  tough,  red,  semi-solid ;  between  240°  and  260°  the  colour  becomes  red-brown,  but 
being  heated  above  340°,  the  sulphur  is  again  somewhat  fluid,  and  at  last  boils  at  420°  without 
having  lost  its  deep  colour,  which  also  characterises  the  vapours.  When  sulphur  heated 
to  230°  is  suddenly  poured  into  cold  water,  it  remains  soft  and  so  plastic  that  it  may  be 
advantageously  employed  for  obtaining  impressions  of  medals,  woodcuts,  and  engraved 
plates,  these  impressions  as  the  sulphur  again  hardens  after  a  few  days  serving  as 
moulds.  On  being  heated  in  contact  with  air,  sulphur  bums,  forming  sulphurous  acid. 
It  is  insoluble  in  water,  very  slightly  soluble  in  absolute  alcohol  and  ether,  and  rather 
more  sohiblein  warm  fixed  and  volatile  oils,  forming  the  so-called  sulphur  balsam.  The 
best  solvents  for  sulphur  are — sulphide  of  carbon,  coal-tar  oil,  benzol,  and  chloride  of 
sulphur.*  It  also  dissolves  in  boiling  solutions  of  caustic  soda  or  potassa,  in  hot  solutions 
of  sulphurets  of  calcium  and  potassium,  in  the  solutions  of  certain  sulpho-salts ;  for 
instance,  the  compound  Sb2S3,Na2S,  which  is  converted  into  Sb2S5,Na2S,and  in  solutions 
of  alkaline  sulphites,  convert^  thereby  into  hyposulphites. 

Sulphur  is  used  in  the  manufacture  of  sulphuric  acid,  gunpowder,  fireworks,  for  sulphuring 
hops  and  vines  as  a  preservative  against  some  diseases  of  these  plants ;  the  quantity  of  sulphur 
used  for  the  purpose  of  sulphuring  vines  in  France,  Spain,  and  Italy,  amounted,  in  1863, 
to  850,000  cwts.  of  Sicilian  sulphur,  being  about  from  20  to  25  per  cent  of  the  entire 
production.  It  is  further  employed  in  the  manufacture  of  sulphurous  acid,  sulphites,  and 
hyposulphites,  sulphide  of  carbon,  cinnabar,  mosaic  gold  or  bisulphide  of  tin,  and  other 
metallic  sulphurets,  ultramarine,  various  cements,  and  for  vulcanising  and  ebonising 
india-rubber  and  gutta-percha. 

The  greater  part  of  the  total  sulphur  production  of  Europe  comes  from  Sicily,  whence, 
in  1868,  4,052,000  cwts.,  in  value  about  £1,500,000,  were  exported.  The  total  sulphur 
production  of  Europe  in  1870  amounted  to  7,012,500  cwts.,  but  in  this  quantity  the 
sulphur  recovered  from  soda  waste  is  not  included. 

Sulphurous  and  Hyposulphurous  Acids. 

suiphorona  Acid.       This  acid  (SO2,  or  hydrated  H2SO3)  may  be  obtained — 

a.  By  oxidation  of  sulphur ; 

h.  By  reduction  of  sulphuric  acid  ; 

c.  By  a  oouibiuation  ol*  the  processes  a  and  b. 
The  preparation  of  sulphurous  acid  by  the  oxidation  of  sulphur  may  be — a.  By 
burning  brimstone  in  the  air ;  /3.  By  roasting  or  jcalcining  iron  and  copper  pjintes,  or 
tlie  product  of  Laming's  mixture  from  the  purifiers  of  gas-works ;  y  By  igniting  a 
mixture  of  manganese  and  sulphur.  The  preparation  of  sulphurous  acid  by  roasting  sul- 
phurets, when  coupled  witli  metallurgical  operations,  is,  especially  since  Gerstenhofer's 
furnace  has  been  more  generally  introduced,  the  most  advantageous  plan  of  obtaining 
tliis  acid,  and  also  where  tlie  acid  is  re(iuired  for  tlie  manufacture  of  sulphuric  acid. 
^Mlen,  however,  sulphurous  acid  is  required  for  the  purpose  of  preserving  food, 
and  as  a  raw  material  in  the  preparation  of  wines,  hops,  Ac.,  it  should  not  be 

•  According  to  Cossa  (1868)  — 

100  parts  of  sulphide  oif  carbon  dlHsulvc  at 


100 
100 

»» 

benzol 

100 
100 
100 

too 

»» 
ether 

chloroform 
aniline 

»» 


15-0'' 

31*15  parts  of 

sulphur. 

38-0° 

9457 

48-5^ 

146*21 

260° 

0*96 

7 10° 

437 

235' 

097 

22*0"' 

I '20 

1300'* 

8527 

According  to  Pelouzc — 

100  parts  of  coal-tar  oil,  sp.  gr.  0*88,  dissolve,  at  i30'o',    43-0  parts  of  sulphur. 
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made  from  pyrites,  but  from  sulphur,  as,  when  obtained  from  pyrites,  it  is  always 
mixed  with  arsenious  acid.  The  Laming  s  mixture  saturated  with  sulphur  from 
gas-works  is  largely  used  in  the  preparation  of  sulphurous  acid  in  sulphuric  acid 
works  in  and  around  London.  The  ignition  in  close  vessels  of  metallic  oxides  and 
sulphur  can  only  be  advantageously  used  for  the  preparation  of  sulphurous  acid 
under  certain  conditions.  The  oxides  cliiefly  used  for  this  purpose  are  those  of 
manganese  and  copper ;  the  former  yields,  according  to  the  weight  of  the  materials 
employed,  eitlier  only  half  the  weight  of  the  sulphur  in  the  shape  of  sulphurous  acid, 
or  the  whole  of  the  sulphur  may  be  converted  into  acid.  Sulphurous  acid  is  some- 
times prepared  by  heating  a  mixture  of  sulphate  of  iron  and  sulphur — 

(FeS04-f2S=FeS+2S0a). 
When  sulphate  of  zinc  is  calcined  it  yields  sulphurous  acid  and  oxygen — 

(ZnS04=S02-fO+ZnO). 
Kieserite  (MgS044'H20),  mixed  with  charcoal  yields  all  its  sulphuric  acid  as 
sulphurous  acid. 

The  preparation  of  sulphurous  acid  by  the  reduction  of  snlphurio  acid  is  very  frequent ; 
Bolphnric  acid  is  reduced  by  being  strongly  heated  in  contact  with  certain  metab ;  for 
instance,  copper,  mercury,  and  silver : — 


Snlphurio  acid,  2H2SO4 
Copper,  Cu 


yield 


Sulphate  of  copper,  CUSO4, 
Sulphurous  acid,  SO21 
Water,  2H2O. 


Sulphuric  acid,  2H2SO4 
Chiu*coal,  C 


A  small  quantity  of  sulphuret  of  copper  is  also  formed.  The  dilution  of  sulphurous 
acid  with  carbonic  acid  and  carbonic  oxide  does  not  interfere  with  its  intended  use. 
Sulphuric  acid  is  decomposed  and  reduced  by  being  boiled  with  charcoal-dust,  sawdust, 
wood-shavings,  &c. 

1  Sulphurous  acid,  2S02. 
Carbonic  acid,  CO2. 
Water,  2H2O. 

This  mode  of  operation  may  be  made  continuous  by  keeping  up  a  supply  of  sulphuric 
acid  and  sawdust  in  the  glass  retort,  as  the  decomposition  of  both  these  substances  is 
complete,  yielding  sulphurous  acid,  water,  and  carbonic  acid.  When  the  vapours  of 
sulphuric  acid  are  passed  through  red-hot  glass  or  porcelain  tubes,  the  result  is  the 
formation  of  sulphurous  acid,  oxygen,  andwater  (H2S04sS02-hO+H20).  The  reduction 
and  decomposition  of  Sulphuric  acid  by  the  aid  of  sulphur  may  be  viewed  as  a  combined 
process  of  preparing  sulphurous  acid  by  oxidation  and  reduction : — 

Sulphuric  acid,  2H2SO4)     .^1 ,    ( Sulphurous  acid,  3SO2, 
Sulphur,  S  ]  y^®^^  t  Water,  2H2O. 

In  practice,  however,  this  operation  is  very  difficult,  owing  to  the  fact  that,  long  before 
the  reaction  begins  to  take  place,  the  sulphur  is  molten,  while  as  soon  as  the  reaction  sets 
in  it  becomes  very  tumultuous,  and  with  the  sulphurous  acid  gas  vapours  of  sulphur  are 
carried  over,  which  solidify  and  obstruct  the  passage.  At  the  ordinary  temperature  and 
pressure  of  the  atmosphere,  sulphurous  acid  is  a  gas  having  a  pungent  odour,  and  a 
sp.  gr.s2*2i.  This  gas  difisolves  readily  and  in  large  quantity  in  water,  i  volume 
absorbing  at  18**,  44  volumes  of  gas.  It  is  even  more  soluble  in  alcohoL  When  water  is 
present  cdl  the  higher  oxides  of  nitrogen  give  up  some  of  their  oxygen  to  the  sulphurous 
acid,  converting  it  into  sulphuric  acid,  the  oxides  forming  deutoxide  of  nitrogen. 
Chlorine  also  converts  moist  sulphurous  acid  gas  into  sulphuric  acid,  and  siimlar 
results  obtain  with  iodine.  The  mixture  of  sulphurous  acid  and  sulphuretted  hydrogen 
causes  their  mutual  decomposition,  water  being  formed,  and  sulphur  deposited.  Sulphu- 
rous acid  is  chiefly  employed  in  preparing  sulphuric  acid,  in  the  manufacture  of  paper,  as 
Bo-callcd  antichlorine,  in  the  preparation  of  madder  by  E.  Eopp^s  process,  the  prepara- 
tion of  hyposulphite  of  soda,  and  the  manufacture  of  sulphate  of  ammonia  from 
lant  (stale  urine).  Sulphurous  acid  is  employed  according  to  Laminne's  patent  for  the 
purpose  of  decomposing  alum-shale  in  the  manufacture  of  alum. 

It  is  further  employed  in  some  metallurgical  processes,  for  preserving  food,  bleaching 
syrups,  silk,  wool,  sponges,  feathers,  glue,  isinglass,  and  other  animal  substances,  which 
do  not  admit  of  being  treated  with  chlorine,  and  for  bleaching  straw  hats,  willow 
and  wicker  baskets,  gum  arabio,  &c.  The  bleaching  property  of  sulphurous  acid  may  bo 
considered  as  due  to  two  entirely  different  causes :  in  some  instances  the  pigment  is  only 
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masked,  not  destroyed,  as  stdphnrons  acid  enters  with  some  pigments  into  a  colourless 
oombination ;  in  other  instances,  however,  a  real  decomposition  of  the  pigment  takes 
place.  The  former  condition  obtains  with  most  of  the  bine  and  red  flowers  and  fmits  ;  a 
red  rose  bleached  by  snlphnrous  acid  has  its  colour  restored  by  immersion  in  very  dilate 
Bulphorio  acid.  The  pigments  of  yellow  flowers  are  not  affected  by  sulphurous  acid ; 
it  idso  does  not  at  first  act  upon  indigo  and  carmine  and  the  yellow  colour  of  raw  silk,  but 
by  the  combined  and  continued  action  of  this  acid  and  direct  sunlight,  the  oxygen  of  the  . 
acid  acts  as  ozone  and  determines  the  bleaching.  The  avidity  of  sulphurous  add  for 
oxygen  may  be  utilised  in  extinguishing  fires,  especially  in  the  case  of  the  soot  of 
chimneys  catching  fire,  which  may  be  very  readily  subdued  by  throwing  a  few  ounces 
of  flowers  of  sulphur  into  the  fireplace  or  stove. 

Sulphite  of  Lime.  Neutral  sulphite  of  Ume  (SCaaOj+HaO),  containing  in  loo  parts 
41  parts  of  sulphurous  acid,  deserves  attention  as  a  cheap,  commodious,  and  very  efficient 
substance  for  the  development  of  sulphurous  acid,  the  gas  being  readily  set  free  by  the 
action  of  hydrochloric  or  sulphuric  add.  Bisulphites  of  lime  and  soda,  the  former 
in  solution,  the  latter  as  a  sohd  dry  powder,  are  largely  produced  in  some  of  the  beet-root 
sugar  manufacturing  countries. 

Hypocniphite  of  sodA.  This  Salt  (S2Na203+5HaO)  is  largely  used  in  photography,  in 
metallurgy,  as  a  mordant  in  calico-printing,  and  as  antichlor  in  paper-making. 
Hyposulphite  of  soda  may  bo  prepared  by  several  methods.  According  to  Anthon,  4 
parts  of  calcined  sulphate  of  soda  are  mixed  with  i  to  li  ports  of  charcoal  powder, 
the  mixture  is  moistened  and  placed  in  an  iron  crucible,  and  calcined  at  red  heat  for 
6  to  10  hours ;  the  cooled  mass  broken  into  small  lumps  is  again  moistened  with 
water  and  then  exposed  to  the  action  of  sulphurous  acid ;  the  resulting  product  is 
dissolved  in  water,  filtered,  concentrated  by  evaporation,  and  left  to  ciystaUise. 
According  to  E.  Kopp's  method,  carried  out  industrially  by  Max  Schaffiier  at  Aussig, 
hyposulphite  of  lime  is  first  prepared  by  causing  sulphurous  add  to  act  npon 
sulphurct  of  calcium  (soda  waste).  The  lixiviated  mass  is  treated  with  sulphate  of 
soda,  Uie  result  being  the  formation  of  soluble  hyposulphite  of  soda  and  practically 
insoluble  sulphate  of  lime.  Very  recently  the  pentathionic  add  (S505,HaO), 
obtained  in  large  quantity  as  a  by-product  of  the  reaction  between  sulphuretted 
hydrogen  and  sulphurous  acid  in  preparing  sulphur,  has  been  converted  into  hypo- 
sulphite of  soda  by  boiUng  with  soda  lye  (2S505,HaO-f3HaO=5S202,HaO). 

As  hyposulphite  of  soda  possesses  the  property  of  readily  forming  with  oxide  of  silver 
a  soluble  double  salt,  hence  dissolving  easily  such  insoluble  compounds  as  chloride  and 
iodide  of  silver,  it  is  employed  in  photography  and  in  the  hydrometallurgioal  extraction  of 
silver.  Being  a  solvent  for  iodine  it  is  used  in  chemistry  for  purposes  of  volumetrioal 
analyses.  A  mixed  solution  of  sulphite  and  hyposulphite  of  soda  dusolves  malachite  and 
blue  copper  ore,  fonaing  hyposulphite  of  protoxide  of  copper  and  sodium.  Stromeyer 
has  applied  this  reaction  to  the  hydrometallurgioal  extraction  of  copper.  Hyposulphite 
of  soda  is  also  used  for  preparing  antimonial  cinnabar  and  aniline  green ;  the  hyposul- 
phites of  lead  and  copper  have  been  proposed  as  a  paste  for  lu^er  matches.  The 
property  possessed  by  hyposulphite  of  soda  of  fusing  at  a  comparativdy  low  temperature 
in  its  water  of  crystallisation,  and  of  readily  solidifying  on  cooling,  has  been  utilised  by 
Fleck,  in  the  sealing  of  glass  tubes  containing  explosive  compounds  to  be  used  under 
water  in  torpedoes.  The  enormous  consumption  of  hyposulphite  of  soda  may  be  readily 
inferred  from  the  fact  that  the  chemical  factory  near  Aix-la-Chapelle  produces  2000  owts., 
and  the  factory  at  Aussig,  Austria,  6000  cwts.  of  this  salt  annnaUy. 

Manufacture  of  Sulphdbio  Acid, 

Sulphuric  acid,  H2SO4,  consists  in  100  parts  of  81  parts  of  anhydrons  sulphuric 
add  and  18*5  parts  of  water, 
saiphaiic  Add.      There  are  in  the  trade  two  distinct  varieties  of  this  acid : — 

a.  Fuming,  or  Nordhauscn  sulphuric  add  (oil  of  vitriol),  obtained  by  distillation 
from  sulphate  of  iron,  bisulpliate  of  soda,  sulphate  of  peroxide  of  iron,  or  by  the 
decomposition  of  sulphate  of  soda  by  means  of  boric  acid  in  the  preparation  of 
borax. 
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b.  Ordiuuj  sulphuric  acid,  knaim  ubrotul  as  Eagliah  Bulphuric  add.  prepared  by 
the  oxidation  of  suIphurtiuB  adil  by  means  of  nitroiia  acid,  or,  very  rarely,  scparatecl 
from  native  sulphates. 

ruami  BGipiiiim  icid.  At  a  red  hent  all  BnlphatcB,  except  those  of  the  alkahes  aud 
alkaline  earths,  are  decomposed,  and  therefore  may  be  employed  in  the  prepuratiou 
of  fmning  sulphuric  acid;  but  on  account  of  its  cheapness  sulphate  of  iron  is  pre- 
ferred. This  salt,  on  exposure  to  red  heat,  is  decomposed  intci  anhydrous  eulphuric 
add  and  anlphurous  acid  ;— 

I  Peroxide  of  iron,  Fe,Oj, 
Sulphuric  acid,  SO3. 
Sulphurous  add,  SO,. 
Anhydrous  sulphuric  acid  would  indeed  be  obtained  from  sulphate  of  iron  if  it 
were  possible  to  procure  the  salt  perfectly  anhydrous,  but  aa  this  cannot  be  douo 
without  decomposition,  some  water  is  always  retaised,  the  result  being  the  compound 
known  aa  Aiming  sulphuric  acid,  that  is  to  say.  a  mixture  of  anhydrous  and  ordinary 
add  (HaS04),  the  former  in  very  variable  quantities. 

PnnuDg  Eolphnrie  acid  ie  prepared  on  the  large  soale  in  the  following  manner : — The 
solution  of  BtUpbate  of  iron  ia  first  evaporated  to  dryneea,  and  dried  in  open  Tessels 
M  much  as  possible.  The  dry  saline  moss,  vitriol-stone  it  is  termed  in  Oermanj,  is  next 
truuferred  to  flre-olay  flasks,  k.  Fig.  92,  placed  in  a  galley  furnace,  the  necks  passing 
throngh  the  wall  of  the  fnmaoe,  and  being  properly  secured  to  the  necks  of  the  reooivera, 
BB.  Into  each  of  the  flasks  z-s  lbs.  of  vitriol-stone  are  put ;  on  the  flnt  application  of 
heat  only  anlpburoug  add  and  weak  bydiated  snlphuric  acid  come  over,  and  ate  naually 


allowed  to  escape,  the  leceivsis  not  being  securely  Intad  until  white  vapours  of  anhydrous 
sulphurie  acid  are  seen.  Intoeacbof  the recrivlng  flasks  jogrma.  of  water  are  poured,  and 
the  distillBtiDn  continued  lor  14  to  jG  hours.  The  retort  flasks  aro  then  agun  filled  with 
taw  material,  and  Uie  operation  repeated  fooi  times  before  the  oil  of  vitriol  is  deemed 
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safficiently  strong.  The  residue  in  the  retorts  is  red  oxide  ^peroxide)  of  iron,  still 
retaining  some  sulphuric  acid.  The  quantity  of  fuming  acia  obtained  amounts  to 
45  to  50  per  cent  of  the  weight  of  the  dehydrated  sulphate  of  iron  employed;  at 
Davidsthal,  in  Bohemia,  14  cwts.  of  vitriol-stone  jield  in  thirty-six  hours,  54  cwts.  of 
fuming  sulphuric  acid. 

It  is  preferable,  however,  to  use  sulphate  of  peroxide  of  iron  Instead  of  the  dried 
protosulphate ;  the  sulphate  of  the  peroxide  can  be  readily  prepared  by  means  of  the 
peroxide  and  ordinary  sulphuric  acid.  Frequently  the  fuming  acid  is  prepared  bypassing 
anhydrous  sulphuric  acid,  obtained  by  calcining  perfectly  dehydrated  protosulphate  of 
iron,  or,  better  still?  the  persulphate  of  iron,  into  ordinary  oil  of  vitriol.  Fuming 
sulphuric  acid  is  now  and  then  prepared  from  the'bisulphate  of  soda  left  after  the 
preparation  of  nitric  acid  from  Chili-saltpetre.  In  France  calcined  sulphate  of  soda  and 
boraoic  acid  are  intimately  mixed  and  calcined,  and  the  vapours  of  anhydrous  sulphuric 
acid  disengaged  are  absorbed  by  strong  ordinary  sulphuric  acid.  Fuming  sulphuric  acid 
is  an  oily  liquid  of  a  brown-yellow  or  deep  brown  colour ;  it  emits  the  pungent  smell  of 
sulphurous  acid,  fumes  on  being  exposed  to  air,  and  yields  on  being  heated  vapours  of 
anhydric  sulphuric  acid ;  the  sp.  gr.  varies  from  i*86  to  1*92.  It  is  industrially  hardly 
used  for  any  other  purpose  than  dissolving  indigo,  i  part  of  the  latter  requiring  for  its 
solution  4  parts  of  fuming  and  8  parts  of  ordinary  scdphnric  acid. 

^J&ScAff*       The    concentrated   sulphuric    acid    (HaS04),   oil    of  vitriol   of 

<x)mmerce,  consists  in  100  parts  of  81  5  parts  of  anhydrous  acid  and  185  of  water. 

The  prepartion  of  this  acid  on  the  large  scale  in  leaden  chambers  dates  from  the 

year  1746,  when  Dr.  Roebuck,  of  Birmingham,  erected  the  first  leaden  chamber  at 

Prestonpans,  near  Edinburgh. 

The  rational^'  of  the  manufacture  of  sulphuric  acid  by  the  chamber  process,  in  which 
sulphurous  acid,  nitric  or  nitrous  acid,  and  water  are  employed,  is,  according  to  the  latest 
researches  of  R.  Weber  (1866)  and  Winkler  (1867),  the  following: — The  oxidation  of  the 
sulphurous  acid  to  sulphuric  acid  takes  place  in  the  leaden  chambers  under  the  influence 
of  the  vapour  of  water  at  the  expense  of  the  oxygen  of  the  nitrous  acid,  which  is  con- 
verted into  deutoxide  of  nitrogen.  It  is  necessary,  however,  that  the  nitrous  acid  be  first 
absorbed  in  plenty  of  water,  which  takes  up  the  free  nitrons  acid,  and  decomposes  the 
hyponitric  acid,  a  process  greatly  promoted  by  the  presence  in  the  chamber  of  sulphurous 
acid  purposely  introduced.  The  water,  usually  in  the  form  of  steam,  because  practical 
experience  proves  that  a  certain  elevation  of  temperature  is  required,  acts  in  this  process 
as  in  others  wherein  sulphurous  acid  effects  reduction.  By  the  presence  of  atmospheric 
air  in  the  chamber  the  deutoxide  of  nitrogen  is  oxidised  into  hyponitric  or  nitrous  acid, 
and  this  acid  again  decomposed  by  sulphurous  acid ;  if  the  conditions  are  favourable 
the  process  is  continuous.  It  occasionally  happens  that  the  nitrous  acid  in  contact  with 
sulphurous  acid  and  excess  of  water  forms  protoxide  of  nitrogen,  of  course  causing  a  loss 
of  the  efficient  oxides  of  the  nitrogen.  The  formation  of  the  so-called  chamber  crystals, 
consisting  according  to  R.  Weber  of  (HaS044-Na03,S03)  only  takes  place  when  the 
process  is  not  well  managed,  and  is  chiefly  due  to  want  of  water. 

^^"Tii^SSte  Add?'  "^  Although  the  use  of  leaden  chambers  is  due  to  an  Englishman, 
tlie  present  mode  of  manufacturing  sulphuric  acid  was  invented  (1774)  by  a  calico 
printer  at  Kouen,  and  improved  by  the  celebrated  Chaptal.  The  apparatus 
consists  essentially  of  four  parts,  viz. — i.  A  furnace,  f.  Fig.  93,  where,  by  the  com- 
bustion of  sulphur  or  pyrites,  sulphurous  acid  is  formed;  the  sulphurous  acid, 
carrying  with  it  the  nitrous  vapours  prepared  in  the  sulphur  burner  by  means  of  a 
peculiar  contrivance,  escapes  from  the  furnace  through  the  tube,  t.*  2.  An  apparatus 
filled  with  coke  tlirough  which  mixed  sulphuric  and  nitric  acids  percolate.  3.  A 
number  of  leaden  chambers,  a,  a\  and  a",  wherein,  under  the  influence  of  high 
pressure  steam,  tlio  sulphuric  acid  is  formed.    4.  A  large  apparatus,  k,  known  as 

*  In  order  to  convert  i  kilo,  of  sulphur  into  sulphuric  acid,  the  following  quantities  of 
air  are  required: — 

When  the  sulphur  is  present  in  free  state,  5275  litres  of  air,  containing  4220  litres 

of  nitrogen. 
When  the  sulphur  is  present  as  pyrites,  6595  litres  of  air,  containing  5276  litreB  of 
nitrogen. 
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Ofty-Lossac's  condenser,  filled  with  coke,  throngh  wbich  snlphnric  acid  of  66°  B. 
(=  i'S4  Efp.  gr.)  percolates,  the  aim  being  to  take  up  the  nitric  and  hyponitric  acids,  not 
tlie  dentoxide  of  nitrogen  as  was  believed  before  WiuUer  eluddated  this  point, 


n  the  gases  which  flow  into  the  last  chamber  previonslf  to  being  discharged. 
The  fiimace  or  bnmer,  as  it  is  technically  called  (see  Fig,  94),  is  built  of  bricks :  at  a 
height  of  80  centimB.  from  the  floor  a  stout  cast-iron  plate  is  placed  so  as  to  have 
a    slight   inclination    towards    tlie 
^°-  94-  front.    The  walls  ore  also  covered 

with  heavy  cast-iron  plates.  In 
front  of  the  burner  are  three  or  six 
largo  openings,  p,  p',  p",  which  can 
be  closed  by  iron  doors  fitted  with 
woodon  handles.  On  the  bed  or 
bottom  plate  three  iron  rails  or 
ledges,  each  10  centims.  high,  are 
placed  to  divide  the  bottom  of  the 
furnace  into  three  or  six  compart- 
ments. At  H,  h',  and  h"  are  the 
holes  for  the  necessary  supply  of 
air.  On  the  top  plate  is  firmly 
fijted  the  tube,  t,  which  conveys 
Uie  gasee  generated  in  the  burner  to  the  leaden  chamber  of  each  section  or  com- 
partment. The  burner  is  cliargcd  with  about  50  kilos,  of  sulphur ;  this  is  kindled 
at  the  top,  the  draught  of  air  tlirough  h,  h',  and  h"  being  su  regulated  eu  to  causa 
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the  sulphtir  to  be  burnt  off  without  becoming  sublimed,  for  if  any  sulphur  were 
volatilised  it  would  cause  the  sulphuric  acid  to  be  turbid  and  milky.*  Not  only 
does  the  burner  supply  sulphurous  acid,  but  also  the  nitric  acid  or  nitrous 
vapours  required  in  the  leaden  chamber;  these  are  generated  from  a  mixture  of 
nitrate  of  soda  and  sulphuric  acid  at  52*^  B.  ( =  1-56  sp.  gr.)  placed  in  the  cast-iron 
pot,  N,  which  when  filled  is  placed  on  the  burning  sulphur. 

The  construction  and  arrangement  of  the  denitri/icdteur  is  shown  in  Fig  95.    At  a 
is  placed  an  iron  grating  covered  with  thick  perforated  sheet  lead ;  the  vapours  and 
gases  generated  in  the  burner  pass  through  m  into  the 
space  immediately  below  a,  upon  which  a  column  of  ^^S*  95» 

coke  is  placed,  and  kept  saturated  with  sulphuric 
acid  strongly  charged  with  nitric  acid,  obtained  by  the 
condensation  of  the  gases  from  the  last  chamber.  This 
acid  is  forced  by  means  of  compressed  air  from  the 
vessel  Y  into  the  Mariotte  bottle,  v,  and  passes  thence 
through  T  into  h,  thence  by  t'  to  the  coke,  over  which 
it  is  delivered  in  fine  jets  by  means  of  a  perforated 
plate  fitted  to  the  lower  part  of  the  cover  a.  The  acid 
coming  in  contact  with  the  warm  gases  from  the 
chamber  yields  to  tlicm.  in  the  state  of  vapour,  fidlthe 
nitrous  compounds  dissolved  in  tlie  sulphuric  acid,  and 
charged  with  these  vapours  the  gases  pass  through 
m,  Fig.  93,  into  tlie  leaden  chambers.  The  denitrified 
sulphuric  acid  runs  off  through  the  tube  t  into  a  reservoir. 

The  formation  of  sulphuric  acid  takes  place  in  the  leaden  chambers  or  chamber.  In  many 
cases,  especially  abroad,  only  one  large  cluimber  is  worked,  which  is  then,  as  shown  in  Fig.  93 , 
divided  by  the  leaden  plates  n  a',  technically  termed  curtains,  into  three  or  more  compart- 
ments, these  curtains  reaching  to  the  bottom  into  the  acid  oolleoted  there.  If  several 
chambers  are  worked,  communication  is  maintained  by  means  of  leaden  tubes.  The 
tubes,  17  v'  v'\  convoy  steam  to  the  chambers.  The  chambers  are  not  nsnally  all  of  the 
same  size,  one  being  considerably  larger  than  the  others ;  in  the  largest  most  of  the  acid  is 
generated.  The  gases  and  vapours  contained  in  the  last  chamber  being  almost  free  from 
sulphurons  acid,  and  consisting  mainly  of  atmospheric  air  and  nitrous  vapours,  are 
conveyed  through  t'  to  the  leaden  reservoir,  d,  whore  the  last  traces  of  sulphuric  acid  are 
deposited.  The  action  of  Gay-Lussac's  condenser,  e,  is  based  upon  the  fact  that  concen- 
trated sulphuric  acid  absorbs  and  combines  with  nitorous  acid.  The  apparatus  consists 
essentially  of  a  column  of  coke  8  to  10  metres  in  height,  through  which  strong  sul- 
phuric add,  62°  or  64°  B.,  percolates,  the  flow  being  regulated  by  the  apparatus  shown  in 
Fig.  95.  The  acid  saturated  with  nitrous  acid  is  conveyed  by  the  tubes  hh  into  a 
reservoir,  o,  from  which  it  is  again  forced  by  means  of  the  monte-acid  to  the  Mariotte 
flask,  M.  By  the  tube  t'",  the  gases  are  conveyed  to  the  chimney  st^  of  Uie  works.  As 
regards  the  cubic  capacity  of  the  leaden  chambers,  each  20  kilos,  of  sulphur  consumed  in 
twenty-four  hours  requires  30  cubic  metres  (about  100  cubic  feet)  capacity;   as  this 

*  According  to  theory,  i  molecule  of  sulphur  requires  only  3  molecules  of  oxygen,  viz., 
2  to  form  sulphurons  acid,  and  i  to  convert  the  latter  into  sulphuric  acid ;  that  is  to 
say,  I  kilo,  of  sulphur  requires  1500  grms.  =  1055  Htres  of  oxygen  =  5275  litres  of  air, 
in  which  4220  litres  of  nitrogen  are  contained.  In  order  to  regulate  this  supply  of  air 
many  contrivances  have  been  adopted,  among  them  the  anemometer  invented  by  Combes; 
this  is  fitted  to  the  sulphur  burner  by  means  of  a  tube,  through  which  the  air  supplied 
has  to  pass.  In  England  reliance  is  placed  upon  the  skill  of  the  workmen  who  regulate 
the  draught,  as  it  is  termed,  simply  by  the  slides  in  the  doors  of  the  burners. 

The  air  discharged  from  the  chambers  should  not  contidn  more  than  2  to  3  per  cent  of 
oxygen.  By  careful  management  and  with  good  apparatus  the  maker  may  succeed  in 
obtaining  from  100  kilos,  of  sulphur  306  kilos,  of  strong  acid  at  1*84  sp.  gr. ;  but  the 
usual  quantity  from  100  kilos,  of  sulphur  is  seldom  more  than  280  to  290  kilos. 
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qiuuitit;  of  eolphnr  eonespondB  to  60  kiJoB.  of  h^dratod  Bolphima  acid,  a  chamber  ol 
the  capacity  moutioned  yields  i'5  kiloa.  of  solphnria  acid  por  hoar.  One  huii<1red  parta 
of  salphor  require  from  6  to  8  parts  of  nitrete  uf  utda,  but  if  pyrilea  ib  employed  tbia 
qoantity  is  often  insreased.  Also  when  pyriteii  is  bamt  iBigor  abiitmbera  are  nxed.  Lately 
Qay  LnsBao'B  cocdenier  hiw,  io  many  caaoa  fallen  into  dienao  on  account  of  the  low  price 
of  Chih  saltpetre  and  the  eipenso  of  keopmg  the  apparatus  m  workmg  order. 

''''°' JJbJoU^^SS""'""       Instead   of   sulphur    native    nunerals    containing    that 
element  are  frequently  employed  for  the  preparation  of  sulphnroua  acid.     Among 
these  minerals,  iron  pyntce    biaulphuret  of  iron   FeS,    contoming  535  per  cent 
of  anlphur  is  the  moat  largtly  used    TIil  pyrites  arc  cnlcini'd 
^FiQ  g6  m   peculiarly   constructed   kilns,   built    mth   fire-lmrs,   tlie 

epacea  between  which  may  be  adjusted  by  means  of  a  key, 
and  the  admission  of  the  air  required  fir  combustion  regu- 
lated with  great  nicety  The  best  pvntts  oven  known  on 
the  Contment  is  Oerstenlioter  H  invented  m  1864  ;  the  prin- 
ciple of  this  oven.  Fig  96  is  that  the  pyrites  is  made  Io 
fall  through  and  meet  the  column  of  heated  air  siip- 
portmg  the  combustion  In  order  to  prolong  the  fall  of 
the  powdered  pyrites,  terraces  or  banbs  are  built  at  intervals 
in  the  shafts  The  broken  up  pyntos  falls  tlirougli  the 
funnels  n  provided  nitli  groovtd  rollers  to  pulverise  it,  on  to 
the  bants  e,  from  ouf,  timtcc  as  tliey  are  termed,  to 
another  As  tlie  furnace  has  been  previously  made  red-hot. 
'  ■■        the  sulphur  orL  ignites  and  hums  off   aided  by  a  moderate 

blast  at  e  The  sulphurous  acid  formed  is  discharged  by  the  channela  '/  inlo  the 
sulphuric  acid  chambers,  sometimes  bem^  first  ccnvtjcd  Io  an  autc-room,  where 
tlie  dust  of  the  pyrites  mccliamcally  mixed  nith  the  gases  is  deposited. 

The  nitrous  acid  lapoura  arc  generated  in  a  manner  similar  to  tliat  useil  for 
sulphur  It  nill  be  seen  tliat  when  pyntts  is  burnt  a  far  larger  quantity  of  air  is 
required  for  the  samt  quantity  by  v,i  i^'ht  of  (>ulpliur  amounting  for  1  kilo,  of  pyritcH 
to  6595  litres  of  air  Ihis  excess  is  due  to  Uie  oxidation  of  the  iron  of  the  pyrites, 
and  tlie  large  bulk  of  nitrc^en  accompanying  the  excess  of  oxygen 

(aPeSj+ iiO=4SO,+Fe,OjV 
According  to  Fortmon,  the  gases  frum  tlie  pyrlles  bui-uers  also  contain  vapours  of 
anhydrous  sulpliuric  acid.  Among  the  substances  found  in  the  flue  dust  of  tli<i 
pyrites  burners  arc  selenium  and  thallium.  Carstunjen  found  Uialljum  to  the  amount 
of  3'5  per  cent  in  the  Hue  dust  of  a  sulphuric  aciil  uorks  near  Berlin,  where  n 
pyrites  from  Mczr.en  was  used. 

chuDiHr  tea.  Ab  soon  as  the  ocjd  formed  in  the  leaden  chitmliora  has  acr|iuco<l  a  xp.  er.  <i< 
i'5  =  50''B.  =  io4''T«addle,itiflr[Uioff  mtoa  reservoir,  and  i»freqnpnllyuaediu  Hint  nUte 
ol  eoneeDtratiou  for  the  purpose  of  preparing  artificial  manures  or  superi)bosphnteii  in 
alkali  works,  for  the  preparation  of  nitric  acid,  and  tor  other  purpoBOs.  This  acid  may  be 
freed  from  ar«enio  b;  treating  with  sulphuretted  hydrDgen. 
^iSKS'aSil'  Tliis  operation  is  effected  in  two  different  stages,  the  lirst  being  car 
ried  on  in  leaden  pans,  the  latter  in  platinum  or  glass  retorts.  Weak  and  cold  sul 
phuric  acid  does  not  act  powerfully  on  lead,  but  as  soon  as  the  acid  liecomes  coucen' 
trated,  and  especially  when  hot,  the  lead  is  dissolved,  sulphurous  acid  given  off,  and 
sulphate  of  lead  formed.  Many  sulphuric  acid  makers  concentrate  their  acid  to 
60°  B.  =  f7t  sp,  gr.,  in  leaden  pans  ;  others,  however,  concentrate  in  leaden  pans  Io 
55°B.=i-S9ap,  gr.  only. 
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cuMiiiBiUra  te  hmAa  p«iu,  Th«  paiia  employed  for  this  purpose  are  rectongolitr  in 
shftpe,  rather  shallow,  but  long  uid  \tiA«,  nnd  Biipported  by  iron  plates,  so  that  the 
fire  BhaJl  not  strike  the  bottom  directly.  Tlie  modes  of  placing  and  construction  are 
shown  in  Fig.  97 ;  the  acid  is  more  strongly  heated  in  the  pan,  m,  while  in  n  it  is  only 


nffccted  by  the  hot  air.  The  depth  of  the  ai;id  in  the  pans  varies  from  24  to  36 
centima.  Aa  soon  aa  the  acid  is  of  aboat  171  sp,  gr.,  it  is  further  deprived  of  its 
excess  of  water,  in  (,'lasa,  porcelain,  or  plntinnm  vessels. 

puuotni  RMoiu.      Platinum  retorts  are  now  very  frequently  employed,  although  it  in 
clear  tliat  these  vessels,  considering  llic  high  price  of  platinum,  ore  expensive, 

Fio.  98. 


1  workmanship.     Messrs.  Johnson, 
e  among  the  best  makers  of  th^se 


the  prire  depending  upon  Ihc  neight.  size,  a: 
MatUiey,  and  Co..  Hatton  Garden,  London,  a 
tuid  other  platinum  apparuiua. 

Fig.  98  is  an  enlarged  view  of  tlic  platinum  retort,  represented  together  witli  tlio 
leaden   pans   in   Fig.  97.     The  hearth   communicates   with   a.     By  means  of  the 
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Byfbon,  X,  the  acid  from  n  can  bo  transferred  to  b  ;  tho  longer  leg  of  x  dipping  into  ft 
leaden  vesael,  which  admits  of  being  lowered  to  ilhj  the  aid  of  the  pulley.  The  acid  theu 
mns  from  the  apout  e  into  the  channel  d,  Eind  thence,  throngh  the  fnimel-tuhe.  into 
the  retort,  b.  The  head,  c,  communicates  b;  means  of  tubing,  not  shown  in  the  cut. 
with  a  worm,  where  the  water  and  very  weak  acid  mechanically  carried  over  with 
the  steam  are  condensed.     VHten  the  temperature  of  the  acid  in  the  platinum  still 

and  is  condensed  in  the  worm. 
In  order  to  withdraw  tho  acid   from 

tho  Btill,  when  concentrated  to  1*78  to 
■8o(=  63° to 66°B.),theBre8iit  syphon. 


attains  to  310°  to  320°,  strong  acid 
t      3  e 


Fig.  99,  isTued.  Itismndeof  platini 
the  onter  leg  bos  a  length  of  aliout 
5  metres,  and  is  sorronndcd  by  a  copper 
tnlie  15  oentims.wide  by  36  contimit,  loiig, 
which  can  be  filled  at  a  irom  the  tank  h 
(eeo  Fig.  97)  with  oold  water,  the  ootlet 
for  the  hot  water  being  at  b.  In  order 
to  increase  the  Borfaoe  the  main  Hyphen 
tnbe  is  divided  into  fear  narrower  tubex. 
The  aypbon  is  filled  with  milplmric 
acid  by  d  and  f  after  closing  the  tap  e. 
The  very  hot  acid  cools  while  flowing 
Uuron^  the  platinun  tubes,  and  is  eolleoted  in  jars,  a,  a',  a". 

"S^SbSSS*"  When  gloss  retorts  of  good  quality  and  sufficiently  large  size  can  bo 
obtained  at  a  cheap  rate,  they  are  very  frequently  employed,  being  placed  to  the 
nombei  of  ten  or  more  (Fig.  100)  in  sand-haths.    The  retorts  are  connected  to 

Fid. 


earthonware  halloonB,  in  which  the  acid  ftunes  arc  condensed.  70  per  cent  of  On' 
strong  snlphnrio  add  sold  in  this  country  is  concentrated  in  gloss  retorts.  Very 
recently  cast-iron  vessels  have  been  used  for  concentrating  sulphnrio  acid. 
otbs  HMbob  Di  Bniptaiig  Many  methods  of  preparing  Bnlpburic  acid  bave  been  anggoeted , 
Add  Kuuiuiiin,  hot  MUierto  none  have  anywhere  anporseded  the  prooeaa  Renctally 
adopted.  For  this  reason  it  is  neceaaory  to  mention  a  few  only  ol  the  reaetioini  upon 
whiofa  these  methods  are  based.  Uahner  oxidises  snlphurons  acid  with  chlorine,  careb4.'iu^ 
taien  that  steam  is  present  at  the  time  :— 

Snlphnrone  acid,  SO]    )  fo.,i„u„,i.  „„-j   a  ar\ 

Aqueous  vapour  iH,0     yield  \  ^''P^"f  "?"*■  ^,'^%, 
Chlorine,  iCl  j  (Hydroohlono  «id,  iCllI, 
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Persoz^s  method  is  based  upon  the  following  reactions : — i.  Oxidation  of  Bnlphtirons 
add  by  means  of  nitric  acid,  the  latter  being  heated  to  loo**  and  dilated  with  four  to  six 
times  its  bnlk  of  water.  2.  The  yapoors  of  hyponitric  acid  are  again  converted  to  nitric 
acid  by  the  oxygen  of  the  air  and  steam.  In  Uiis  process  the  leaden  chambers  are  replaced 
by  a  series  of  large  stone-ware  Woulfe's  bottles.  Although  enormous  quantities  of  gypsum 
are  found  native,  all  attempts  to  prepare  sulphuric  acid  from  this  mineral  on  an  industrial 
scale  have  failed.  Gypsum  is  decomposed,  by  superheated  steam  and  at  red  heat,  into  sul- 
phuric acid,  oxygen,  and  sulphurous  acid,  leaving  caustic  lime  in  the  retort.  Shanks 
mixes  gypsum  with  chloride  of  lead  and  water  at  about  60°. 

Gvp8um,CaS04+2HaOl     .  ,,    ( Chloride  of  calcium,  CaCl,, 
Chloride  of  lead,  PbCl^  I  ^^^^ 


The  chloride  of  calcium  solution   having 


Sulphate  of  lead,  PbS04, 
Water,  2H2O. 

been  withdrawn  from  the  precipitate  of 


sulphate  of  lead,  the  latter  is  heated  with  hydrochloric  acid : — 

Sulphate  of  lead,  PbS04  1  ^«H    i  Chloride  of  lead,  PbCla, 
Hydrochloric  acid,  2CIH  j  ^^^^    I  Sulphuric  acid,  H2SO4. 
prop*rUeg  of  sniphuric  Add.       The  most  highly  concentrated  sulphuric  acid  contains  i8'46  per 
cent  of  water;  its  formula  is  H2SO4 ;  sp.  gr.  =  1*84.8.    In  a  perfectly  pure  state 'it  is  a 
colourless  liquid,  but  commonly  is  more  or  less  yellow  or  brown,  owing  to  the  presence  of 
organic  matter.    It  destroys  many  organic  substances,  leaving  a  carbonaceous  residue. 
This  sulphuric  acid  does  not  fume  on  exposure  to  air ;  it  is  very  hygroscopic,  and  when 
left  exposed  to  air,  gradually  absorbs  fifteen  times  its  bulk  of  water.     When  mixed  with 
water  great  heat  is  evolved.  The  boiling-point  of  the  most  highly  concentrated  acid  is  338'. 
The   following  table  gives   the   quantity  of  anhydrous  sulphuric  acid  contained  in 
sulphuric  acid  at  15*5"  C. : — 


Hydrated 

Sp.  gr. 

Anhydrous 

Hydrated      g 

[irv      rr*. 

Anhydrous 

Sulphuric  acid. 

acid. 

Sulphi 

aric  acid.  "^-  »'* 

acid. 

100 

1*8485 

8i*54 

76            ] 

[*6630 

61*97 

99 

1-8475 

80*72 

75            1 

[*652o 

61*15 

98 

1*8460 

79*90 

74            3 

1*6415 

60*34 

97 

1*8439 

7909 

73            3 

[6321 

59*55 

96 

1*8410 

78*28 

72            ] 

[*6204 

58*71 

95 

1*8376 

77*40 

71            ] 

['6090 

57*89 

94 

1-8336 

7665 

70            ] 

1*5975 

57-08 

93 

1*8290 

75*83 

69            1 

[•5868 

57*26 

92 

1-8233 

75*02 

68            ] 

[-5760 

55*45 

91 

1*8179 

74*20 

67            ^ 

[*5648 

54*63 

90 

1*8115 

73*39 

66            ] 

t*5503 

53*82 

89 

1-8043 

72-57 

65            ] 

r*5390 

53*00 

88 

1*7962 

71*75 

64            ] 

[*528o 

52*18 

87 

1*7870 

7094 

63            1 

[-5170 

51*37 

86 

1*7774 

70*12 

62            : 

t*5o66 

50-55 

85 

1*7673 

69*31 

61            : 

[4960 

49*74 

84 

1*7570 

68*49 

60            ] 

C4860 

4892 

83 

1*7465 

67*68 

59            3 

t*476o 

48-11 

82 

1-7360 

66*86 

58            ] 

['4660 

47*29 

81 

1*7245 

66*05 

57            ^ 

t*456o 

4658 

80 

1*7120 

65*23 

56            ^ 

['4460 

45*68 

79 

1*6993 

64*42 

55       .     3 

1-4360 

44*85 

78 

1*6870 

63*60 

54            3 

1-4265 

45*03 

77 

1*6750 

62*78 

53            ^ 

[•4170 

43*22 

Comparative  degrees  of  Baum^  and  Twaddl 

e,  with  the  conrespc 

inding  sp 

.  gr.:— 

Degrees  Baum6.            Degrees  T 

Vaddle. 

8p.gr. 

66 

168 

1*84 

63 

154 

1*77 

60 

140 

1*70 

57 

130 

• 

1*65 

50 

104 

1*52 

45 

88 

1*44 

40 

76 

1*38 

35 

62 

1-31 

30 

52 

1*26 

25 

43 

1*21 
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Tbs  reader  deairoaB  of  more  iuformutioii  as  to  the  Bpeeifio   gravities  indicated  b; 
Banmj'e  bjrdrotnetera  ie  retened  to  the  "  Chemical  News,"  vol.  miv.,  p,  28,  ct  seq. 

Tbe  tues  of  solpliario  acid  are  bo  nameruitB  that  it  would  be  impossible  to  mention  all 
of'tbem,'  anlpbnric  acid  being  to  obemictU  indnetr;  what  iron  Is  to  the  mechanical. 
Snh)hiirio  odd  is  employed  in  preparing  a  great  man;  other  acids,  among  them 
h^droohlorie,  snlphnroaa,  carbouic,  tartaric,  citric,  phosphoric,  stearic,  oleic,  and  pa 
Farther,  mlphurio  acid  ia  ased  in  making  superphosphates,  soda,  sulphate  of  am 
fttiun,  sulphates  of  copper  and  iion,  in  paraffin  and  petroleum  reSniug,  silver  refining, 
mannfactnje  of  gaiancine,  garanceni,  and  other  madder  preparations,  manufacture  of 
glucose  bom  starch,  to  diseolve  indigo,  &c. 


SULPHIDF.   OF   CaRHON. 

■oipiiUtDtou'inii.  This  compound,  consisting  in  100  paxta  of  158  parts  of  carbon 
and  84*2  of  sulphur,  formula  CS,,  was  discovered  in  1796  b;  Lampadiue,  at  Frei- 
boi^.  It  is  obtained  by  causing  the  vapour  of  sulphur  to  pass  over  red-hot  coala.  or 
by  distilling  an  intimate  mixture  of  native  metallic  sulphurets  with  charcoal  or  coke. 
Tbe  lai^est  quantity  of  sulpMde  of  carbon  ia  obtained,  according  to  Sidot  and 
W.  Stein,  a,t  not  too  high  a  red  heat,  that  ia  to  say,  at  what  is  t«ntte<l  in  gas-works 
orai^e-red  beat. 

Sulphide  of  carbon  is  best  manufactured  by  means  of  Peroucel's  apparatus 
(F^.  101).     A  is  a  fire-clay  pas-ri'tort,  supported  on  the  fire-clay  block  b  ;  e  and  >; 


are  openings,  one  beinc  (hat  of  a  pnTi-"!  iin  lube  firmly  cemented  into  the  cover  of  \. 
serving  for  the  introduction  of  sulphur  the  other  opening  is  for  the  introduction  of 
pieces  of  coke,  with  which  before  tlie  operation  commences,  the  retort  ia  filled. 
The  vapours  of  the  sulpludf  of  carbon  pass  through  the  tubes  h  and  1  into  the 
vessel  J.  wherein  part  of  the  sulpliide  iscoadenseduid  flowslhrongh  k  into  the  flask,  l, 
filled  with  water,  thence  through  h  into  o,  finally  being  runoff  by  the  tap,  n.  Any 
vapours  not  condensed  in  j  pass  tlirough  [>  p  into  the  worm,  t.  the  eondensed  sulphide 
■being  collected  in  s.  The  crude  sulphide  of  carbon  ia  rectified  by  re-distUlation 
over  zinc  or  over  bichloride  of  mercury  by  means  of  steam  or  a  water-baOi.  If  the 
bichloride  is  employe  I.  the  crude  sulphide  should  remain  in  contact  with  the  salt  for 
at  least  twenty-four  liiiura  before  re-distillalion.  With  the  apparatus  described,  the 
retort  being  I'l  melres  in  height  and  03  metre  in  diameter,  2  cwts.  of  crude  sulphide 
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of  carbon  may  be  prepared  in  twelve  hours.  The  quantity  of  sulphide  resulting 
from  a  given  weight  of  materials  is  always  much  less  than  the  quantity  theoretically 
obtainable ;  this  is,  of  course,  partly  due  to  an  unavoidable  loss  of  liquid,  and  probably 
to  the  formation  of  monosulphide  of  carbon  (CS),  a  compound  corresponding  to 
carbonic  oxide.  Crude  sulphide  of  carbon  contains  usually  10  to  12  per  cent  of 
sulphur  in  solution,  and  also  sulphuretted  hydrogen.  To  purify  the  crude  sulphide, 
bleaching-powder  solution  is  added  to  the  liquid  in  the  retort,  into  which  steam  at  15  lbs. 
pressure  is  forced  to  eflfect  the  reaction  between  the  chloride  of  lime  and  the  impuri- 
ties present  in  the  sulphide  of  carbon.  Sulphide  of  carbon  is  usually  kept  under 
water.  When  pure,  sulphide  of  carbon  is  a  colourless  liquid,  strongly  refractive, 
exhibiting  extremely  bright  colours  when  in  the  sunlight.  Its  odour  somewhat 
resembles  that  of  chloroform;  the  taste  is  aromatic.  Its  sp.gr.  =  1*2684;  the 
boiling-point  is  465°,  consequently  tlie  liquid  is  very  volatile  at  the  ordinary  tempe- 
rature of  the  air. 

c«rboB.  Sulphide  of  carbon  does  not  combine  with  water  or  spirits  of  wine.  It  is  not 
soluble  in  every  proportion  in  water  (see  "Chemical  News,"  vol.  xxiv.,  p.  34) ;  in  ether 
and  chloroform,  however,  it  is  freely  soluble.  Sulphide  of  carbon  is  an  excellent 
solvent  for  resins,  essential  and  fixed  oils,  caoutchouc,  gutta-percha,  camphor, 
sulphur,  phosphorus,  and  iodine.  It  is  highly  inflammable,  burning  with  a  red-blue 
flame  ;  the  products  of  complete  combustion  are  sulphurous  and  carbonic  acids.  The 
vapour  of  sulpliide  of  carbon  witli  oxygen  or  air  constitutes  an  explosive  mixture : 
the  light  given  by  a  mixture  of  deutoxide  of  nitrogen  and  sulpliide  of  carbon  is 
very  intense,  and  has  been  employed  in  photography.  To  Mr.  Fisher,  of  Birmingham, 
is  due  the  honour  of  having  first  prepared  sulphide  of  carbon  for  industrial 
purposes.  At  the  present  day  these  purposes  are  very  varied,  but  consist  chiefly  of 
the  vulcanisation  of  caoutchouc,  the  extraction  of  fat  from  bones,  and  oils  from  oil 
seeds  and  olives,  the  extraction  of  sulphur  from  its  concomitant  rocks,  and  of  fat 
from  crude  wool.  Sulphide  of  carbon  is  also  used  in  electro-plating  to  obtain  by  it? 
addition  to  tlie  silver-bath  a  bright  and  polished  surface.  It  is  higlily  valued  for 
killing  vermin  in  corn. 

Chloride  of  Sulphur.  Cliloridc  of  sulpliur  (CljSa) ,  important  only  in  its  technical  use 
for  the  vulcanising  of  caoutchouc,  is  an  oily  fluid,  sp,  gr.  160,  of  a  brown  colour, 
fuming  on  exposure  to  air.  It  boils  at  144°.  On  being  mixed  with  water  it  is 
decomposed,  yielding  sulphurous  and  hydrochloric  acids,  a  very  small  quantity  of 
sulphuric  acid,  and  sulphur.  Chloride  of  sulphur  converts  rape-seed  oil  into  a  mass 
resembling  caoutchouc,  and  linseed  oil  into  a  varnish.  Chloride  of  sulphur  is 
prepared  by  passing  chlorine  gas  over  sulphur  heated  to  125*'  to  130" ;  the  psoduct  is 
rectified  by  distillation. 

Hydrochloric  Acid  and  Glauber's  Salt,  or  Sulphate  of  Soda. 

Hydrochloric  Add.  The  Commercial  article  known  as  hydrochloric  or  muriatic  acid, 
or  spirits  of  salt,  is,  as  has  been  explained  in  the  manufacture  of  soda,  a  solution 
of  the  gas  given  off  during  the  decomposition  of  common  salt  by  sulphuric  acid. 
In  order  to  efiect  this  condensation,  the  gas  is  conveyed  to  the  coke  columns,  or  in 
many  instances  is  prepared  and  condensed  by  the  aid  of  the  apparatus  shown  in 
section  in  Figs.  102  and  103,  and  in  plan  in  Fig.  104.  This  apparatus  consists  of 
several  cast-iron  cylinders,  17  metres  long  by  07  metre  diameter,  closed  similarly 
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to  gaa  retorts  by  lids  Inted  with  claj.  One  of  the  lids  is  provided  with  an  opening, 
0,  into  which  ia  fitted  the  stoneware  or  leaden  pipe,  a,  conveTing  the  hydroebloric 
add  to  the  condensing  spparatos.  The  other,  or  posterior  lid,  is  also  provided  with 
an  opening,  d,  throngh  which  is  passed  Uie  tnbe  of  a  leaden  funnel,  so  that  after 
the  retort  is  filled  with  salt,  snlphnric  acid  may  be  poured  in.    The  construction  of 


5}«BiR3flUIJ|«:^'"IJ3W*l 


the  furnace  in  nhich  two  retorts  iltc  usuall}  placed  ollons  the  fla.me  of  the  fire  at 
o  to  play  roond  the  cylinders  before  reoclun,^  the  flue  leaJinK  to  the  chimney,  f. 
ti  is  an  arch  covering  the  furnace  The  first  etage  of  the  operation  is  to  fill  each 
cylinder  with  150  kilos  of  salt  or  cblonde  of  potassium  in  lucahties  where  the  latter 
is  abundant     The  hds  or  coders  are  next  luted  on   and  the  fire  kindled.    The 


required  quantity  of  stroag  snlphurio  acid  is  now  poured  into  the  retort,  and  the 
funnel  having  been  withtlrawn  from  d,  the  hole  is  closed  by  a  clay  plug.  As  soon 
as  the  reaction  is  over,  the  180  kilos,  of  sulphate  of  soda  produced  are  removed,  and 
the  operation  repeated.     The  coDdenaatiou  apparatos,  Figs.  102  and  104,  consistB  of 
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rows  of  Woulfe's  bottles  partly  filled  with  water,  core  being  taken  to  place  the  first 
pair  of  these  bottles  in  a  tank  of  cold  water.    The  condensation  of  the  last  portion* 


of  the  hydrochloric  acid  gas  is  effected  either  by  the  aid  of  coke  colnmns,  or.  in 
leaden  chambers,  into  which  fine  jets  of  cold  water  are  iigected  on  all  sides. 

^'°'"'"  ilaj.''*"''''"^  Crude  conunercial  hydrochloric  acid  ia  commonly  a  yellow 
liquid,  this  colour  being  due  to  chloride  of  iron.  It  has  a  caustic  sour  taste,  and 
fiimes  on  eipoauie  to  air.  At  20°  water  ia  capable  of  absorbing  475  times  its  own 
bnlk  of  hydrochloric  acid  gas;  a  saturated  solntion  contains  4285  per  oent  of 
gas,  the  sp.  gr.  being  =  i'2i.  The  following  table  shows  the  sp.  gr.  of  hydrochloric 
acid  at  varions  degress  of  concentration,  and  the  quantity  of  pure  acid  (real 
gas)  contained   at  70°: — 


1818 
1616 
1414 


Specific 

Degrees 

Degrees 

Specifio 

gravity. 

Baomf. 

Twaddle. 

of  acid. 

gravity 

IZI 

a6 

4^ 

42-85 

10 

I  "20 

25 

40 

40-80 

09 

119 

24 

38 

38-8S 

08 

118 

33 

36 

36-36 

07 

117 

22 

34 

3434 

06 

ri6 

21 

32 

3232 

05 

115 

zo 

30 

3030 

04 

114 

'9 

28 

28-28 

03 

113 

18 

26 

25-26 

02 

i-ia 

"7 

24 

24-24 

01 

8-oS 
606 
404 


'55 


UH>Df  H^dTMhiorii:  Hydrochloric  acid  is  very  largely  employed  in  the  nmnnfactnre 
of  chlorine,  sal-ammoniac,  chloride  of  antimony,  glue,  phosphoms,  in  the  prepara- 
tion of  carbonic  acid  for  the  manufacture  of  artificial  mineral  waters,  in  beet-root 
sugar  works,  bleach  works,  hydro -metallnrgy,  and  alone  or  mixed  with  nitric  acid 
for  dissolving  various  metats. 

okitar-iScu.  Sulphate  of  soda,  or  Glauber's  salt,  consists  in  100  parts  of  ig-3  soda, 
Z4'7  sulphuric  acid,  and  56  water ;  formula,  NaiSOj-fioHiO ;  anhydrous.  NaiS04, 
in  100  parts — soda,  43-6;  sulphuric  acid,  564.  It  is  prepared  as  described  under 
hydrochloric  acid  by  decomposing  conunon  salt  with  sulphuric  acid.  It  is  also 
found  native  aa  Thenardite  (Na,S04),  Brogniartine  or  Glanberite  (NajSOt+CaSO,). 
and  it  occurs  in  sea-wat«r  and  some  mineral  waters,  as  in  those  of  PtiUna  and 
Carlsbad. 
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Sulphate  of  soda  is  indirectly  obtained  by  yarioas  processes,  among  which   are — 

1.  The  doable  decomposition  of  common  salt  and  sulphate  of  magnesia  or  kieserite  from 
the  mother-hqnor  of  sea-water,  ot  of  salines  when  exposed  to  a  low  temperatnre  either 
naturally  in  water  or  artificially  by  the  assistance  of   Garry's  ice-making  machine. 

2.  Longmaid's  process  of  roasting  sulphuret  of  iron  or  copper  with  common  salt.  3.  Cal- 
cination of  kieserite  or  magnesian  sulphate  with  common  salt.  4.  Kuhlmann's  process, 
the  calcination  of  sulphate  of  magnesia  and  nitrate  of  soda,  hyponitric  acid  and  sulphate 
of  soda  being  formed.  5.  As  a  by-product  of  paraffin  and  petroleum  refining.  The 
sulphate  of  soda  of  the  alkali  works  contains  on  an  average  93  to  97  per  cent  of  the  pure 
salt,  the  remainder  being  chiefly  chloride  of  sodium. 

Ums  of  Sulphate  ^^^  ^^  ^  extensively  employed  in  the  manufactures  of  soda,  ultra- 
ot  Soda.  marine,  and  glass.  In  the  last  case  the  sulphate  is  mixed  with  coal  and 
silica,  and  calcined,  its  sulphuric  acid  being  reduced  to  sulphurous  acid,  which  is  volatilised, 
while  a  silicate  of  soda  is  formed.  Sulphate  of  soda  when  thus  employed  should  be 
purified  from  all  traces  of  iron  by  being  dissolved  in  water,  some  lime  added  to  the 
solution,  and  the  clear  liquid  evaporated  to  dryness.  Sulphate  of  soda  is  used  in 
metallurgy  in  the  treatment  of  some  kinds  of  antimonial  ores,  the  sulphuret  of  antimony 
found  near  Bouc  and  Sept^mes,  France,  &c.  It  ia  also  employed  in  certain  processes  of 
wool-dyeing. 

«  Bimiphato  of  Soda.      This  Salt  (NaHS04)  is  obtained  in  large  crystals  when  i  molecule 

of  sulphate  of  soda  and  i  molecule  of  sulphuric  acid  are  dissolved  in  water  and 

the  solution  left  to  evaporate  slowly.     One  of  the  chief  uses  of  the  bisulphate  is  in 

a  mixture  with  abraum  salt    containing    chloride  of  magnesium,  employed  for 

removing  zinc  from  lead.     As  a  by-product  sulphate  of  soda  is  obtained  in  the 

manufacture  of  nitric  acid  from  nitrate  of  soda  and  sulphuric  acid,  and  by  heating 

cryolite  with  sulphuric  acid. 

Bleaching-Powder  and  Hypochlorites. 

Chlorine.  It  is  onc  of  the  most  valuable  properties  of  chlorine  that  it  destroys 
organic  pigments  and  miasmata,  and  is  hence  useful  as  a  bleaching  agent,  and  as  a 
disinfectant.  It  is  also  employed  as  an  oxidising  agent  in  the  extraction  of  gold 
from  pyritical  ores. 

At  the  ordinary  temperature  and  pressure  of  the  atmosphere  chlorine  is  a 
greenish-yellow  gas,  its  sp.  gr.  =  1*33;  it  possesses  a  peculiarly  disagreeable, 
irritating  odour,  and  is  very  soluble  in  water,  i  volume  absorbing  25  volumes  of 
gas,  forming  the  well-known  aqiui  chlorii,  or  aciduvi  muriaticum  oxygcnatiim  aqu4i 
solutum  of  the  pharmaceutists,  and  the  chlorine  water  of  the  scientific  chemist. 
The  bleaching  property  of  chlorine  gas,  possessed  also  by  its  solution,  is  due  to  the 
great  afl&nity  of  chlorine  for  hydrogen,  so  that  the  chlorine  while  seizing  upon  the 
hydrogen  of  the  organic  body  in  most  instances  causes  the  simultaneous  decom- 
position of  water,  and  by  the  formation  of  ozone  destroys  the  organic  colouring 
matter,  hydrochloric  acid  being  at  the  same  time  formed,  a  fact  requiring  attention 
in  the  use  of  chlorine  as  a  bleaching  agent.  Wlien  linen,  or  rather  flax,  raw  cotton, 
and  paper  pulp  are  bleached  by  chlorine,  the  fibre,  really  cellulose,  is  not  acted  upon, 
but  only  the  colouring  matter  is  oxidised  by  the  ozone  formed.  Chlorine  cannot  be 
used  to  bleach  animal  matters,  or  such  as  contain  nitrogen,  these  becoming  yellow 
by  its  action.  Chlorine  is  not  suited  for  transport  either  as  gas  or  in  aqueous 
solution,  therefore  one  of  its  combinations  with  oxygen  and  a  base,  viz.,  a  hypo- 
chlorite, is  used.  Hydrated  oxide  of  calcium  or  slaked  lime  is  the  chief  constituent 
of  bleaching-powder.     Usually  the  alkali  manufacturers  prepare  bleaching-powder. 

^^'""powde?^'***^'^"  Bleaching-powder  is  prepared  on  the  laxge  scale  in  the 
following  manner : — In  works  where  soda  and  chloride  of  lime  are  to  be  manu- 
factured simultaneously,  tlie  chlorine  is  obtained  by  mixing  the  common  salt  to  bo 
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converted  into  sulphate  of  soda  by  the  action  of  sulphuric  acid  with  peroxide  of 
manganese,  heat  being  applied. 
The  process  is  as  follows: — 

Common  salt,  2NaCl,  |  [Glauber's  salt,  Na2S04, 

Peroxide  of  manganese,  MnOj,  r     yield     J  Sulphate  of  manganese,  MnS04, 

Sulphuric  acid,  2H2SO4  )  I  Chlorine,  2CI,  and  2H2O. 

■ 

In  some  works  chlorine  is  prepared  by  the  reaction  of  hydrochloric  acid  and 
manganese,  and  sometimes  with  the  addition  of  sulphuric  acid.  In  the  first  instance 
only  half  the  chlorine  contained  in  the  hydrochloric  acid  is  given  up,  because  the 
otlier  half  forms  chloride  of  manganese ;  for — 

Manganese,  MnOa,  )        •  i^     (Chlorine,  CU, 

Hydrochloric  acid,  4CIH,  f     ^^^^ 


Manganic  chloride,  MnCl^, 
I  Water,  2HaO. 


In  the  second  instance  all  the  chlorine  contained  in  the  hydrochloric  acid  is 
obtained — 


Manganese,  MnOa, 

Hydrocliloric  acid,  2CIH,  |.  yield   ■ 

Sulphuric  acid,  H2SO4, 


Sulphate  of  manganese,  MnS04, 
Chlorine,  Cla, 
Water,  2HaO. 


As  proposed  by  Clemm,  a  cliloride  of  magnesium  solution,  as  largely  obtained  at 
Stassfurt,  may  be  employed  by  concentrating  tlie  solution  to  44**  B  (=1*435  sp.  gr.), 
and  adding  manganese,  so  tliat  to  i  mol.  of  MnOa,  2  mols.  of  MgCl^  are  taken.  The 
cooled,  solid  mass,  when  exposed  to  the  action  of  superheated  steam  at  200**  to  300**, 
yields  chlorine  gas. 

^wrth"it'Ma'l'anc«!"''       '^'^^^  followiug  mctliods  are  selected  as  being  the  most  scientific 
and  interesting: — 

1.  Mac  Dougal,  Ilawson,  and  Shauks's  process,  consisting  in  the  decomposition  of 
chromate  of  Ume  by  hydrochloric  acid,  the  result  being  the  formation  of  chloride  of 
chromium,  chloride  of  calcium,  and  the  evolution  of  free  chlorine — 

(2CaCr04-fi6HCl=CraCl6-!-2CaCla-|-3HaO+6Cl). 
158  parts  of  chromic  acid  jrield  106  parts  of  clilorine.     The  chloride  of  chromium  is 
again  precipitated  with  carbonate  of  lime,  and  by  ignition  converted  into  chromate  of 
lime.     Only  tliree-eighths  of  the  chlorine  contained  in  the  hydrochloric  acid  is  given 
up,  while  manganese  yields  one-half. 

2.  Schlcising's  method  consists  in  acting  upon  manganese  with  a  mixture  of  hydro- 
chloric and  nitric  acids,  the  degree  of  concentration  of  the  acids  being  so  regulated  by 
the  addition  of  water  that  the  mixture  yields  only  chlorine,  while  nitrate  of  protoxide 
of  manganese  is  formed ;  this  salt  being  calcined  yields  manganese,  peroxide,  and 
nitric  acid.  The  nitric  acid  aids  the  oxygen  of  the  air  in  decomposing  the  hydro- 
chloric acid.  The  nitrate  of  manganese  begins  to  decompose  at  iso**,  and  the  decom- 
position is  completed  at  175**  to  180^,  yielding  much  peroxide,  in  some  cases  even 
93  per  cent. 

3.  Vogel's  method  of  decomposing  chloride  of  copper  by  heat.  3  mols.  of 
chloride  yield  i  mol.  of  chlorine  ;  according  to  Laurens  the  process  is : — 

2CuCla=Cla+Cu2Cla. 
The  chloride  in  crystalline  state  is  mixed  with  half  its  weight  of  san4«  and  heated  in 
earthenware  retorts  to  200°  to  300°,  yielding  chlorine  gas,  while  the  remaining  proto- 
chloride  of  copper  is  re-converted  into  perchloride  by  the  action  of  hydrochloric 
acid.    Mallet  has  constructed  a  peculiar  rotating  apparatus  for  the  decomposition  of 


2i6  CHEMICAL   TECHNOLOGY, 

this  salt,  the  same  apparatus  serving  to  prepare*  oxygen.  loo  kilos,  of  cupric 
chloride  yield  6  to  7  cubic  metres  of  chlorine  gas. 

4.  P61igot*s  method.  When  3  parts  of  bichromate  of  potassa  and  4  parts  of  con- 
centrated hydrochloric  acid  are  gently  heated,  the  fluid  yields  on  cooling  crystals  of 
bichromate  of  chloride  of  potassium,  KCl,Cr03  ;  at  100°  this  salt  yields  chlorine. 

^5.  Dunlop's  process  is  followed  at  Mr.  Tennant's  works,  Glasgow.  Sulphuric  acid 
is  made  to  act  upon  a  mixture  of  3  mols.  of  conmion  salt,  and  i  mol.  of  nitrate  of 
soda,  the  result  being  the  formation  of  chlorine  and  hyponitric  acid.  The  latter  is 
absorbed  by  passing  the  mixed  gases  through  strong  sulphuric  acid. 

6.  Mr.  Walter  Weldon's  process  is  performed  by  means  of  an  apparatus  comprising 
five  vessels  arranged  at  successive  elevations,  so  that  after  having  been  pumped  up  to  the 
highest  of  them,  the  liquor  operated  upon  can  afterwards  descend  to  all  the  others  by  its 
own  gravity.    The  lowest  of  these  vessels  is  a  well,  which  is  furnished  with  a  mechanical 
agitator.    The  sUghtly  acid  chloride  of  manganese  liquor  with  which  the  process  com- 
mences runs  from  the  stills  in  which  it  is  produced  into  this  well,  and  is  there  treated  with 
finely  divided  carbonate  of  lime,  the   action  of  which  is  facilitated  by  the  energetic 
agitation.    When  the  neutralisation  of  the  free  acid  which  is  at  first  contained  in  this 
liquor  and  the  decomposition  of  the  sesquichloride  of  iron  and  sesqnichloride  of  aluminium, 
which  are  also  at  first  contained  in  it,  are  completed,  the  liquor  is  pumped  up  into 
settling  tanks,  placed  nearly  at  the  top  of  the  apparatus,  aud  known  as  the  '*  chloride  of 
manganese  settlers."    It  now  consists  of  a  quite  neutral  mixed  solution  of  chloride  of 
manganese  and  chloride  of  calcium,  containing  in  suspension  considerable  quantities  of 
sulphate  of  lime,  and  small  quantities  of  oxide  of  iron  and  alumina.     These  solid 
matters  rapidly  deposit  in  the  chloride  of  manganese  settlers,  leaving  the  bulk  of  the 
liquor  perfectly  bright  and  clear,  and  of  a  faint  rose-colour.    The  next  step  is  to  run  off 
the  clear  portion  of  the  contents  of  the  settlers  into  a  vessel  immediately  below,  called 
the  oxidiser.    This  is  usually  a  cylindrical  iron  vessel  about  12  feet  in  diameter,  and  about 
22  feet  deep.    Two  pipes  go  down  nearly  to  the  bottom  of  the  oxidiser,  a  large  one  for 
conveying  a  blast  of  air  from  a  blowing  engine,  and  a  smaller  one  for  the  injection  of 
steam.    The  latter  is  for  the  purpose  of  raising  the  temperature  of  the  contents  of  the 
oxidiser  when  necessary;    for  sometimes  the   chloride   of   manganese  liquor  reaches 
the  oxidiser  sufficiently  hot — between  130°  and  160°  or  170°  F.    Immediately  above  the 
oxidiser  is  a  reservoir  containing  milk  of  Hme.     The  oxidiser  having  received  a  charge  of 
clear  liquor  ttom  the  settlers,  and  this  liquor  having  been  heated  up  to  the  proper  point, if 
it  was  not  already  hot  enough,  blowing  is  begun,  and  milk  of  lime  is  then  run  into 
the  oxidiser  as  rapidly  as  possible,  until  the  filtrate  from  a  sample  taken  at  a  tap  placed 
nearly  at  the  bottom  of  the  oxidiser,  ceases  to  give  a  manganese  reaction  with  solution  of 
bleaching-powder.    A  certain  quantity  of  milk  of  lime  is  then  added,  and  the  blowing 
continued  until  peroxidation  ceases  to  advance.     That  point  is  usually  attained  when 
from  about  80  to  85  per  cent  of  the  manganese  present  has  become  converted  into 
peroxide.     The  contents  of  the  oxidiser  are  now  a  thin  black  mud,  consisting  of  solution 
of  chloride  of  calcium  containing  in  suspension  about  2  lbs.  of  peroxide  of  manganese 
per  cubic  foot,  these  2  lbs.  of  peroxide  of  manganese  being  combined  with  varying  quan- 
tities of  protoxide  of  manganese  and  lime.      This  thin  mud  is  now  run  off  from  the 
oxidiser  into  one  or  other  of  a  range  of  settling  tanks  or  *'  mud  settlers,"  placed  below  it, 
and  is  there  left  at  rest  until  it  has  settled  as  far  as  it  wOl,  usually  until  about  one-half  of 
its  volume  has  become  clear.    The  clear  part  is  then  decanted,  and  the  remainder, 
containing  about  4  lbs.  of  peroxide  of  manganese  per  cubic  foot,  is  then  ready  to  be  used 
in  the  stills.    There  it  reacts  upon  hydrochloric  acid,  liberating  chlorine,  with  repro- 
duction of  exactly  such  a  residual  solution  as  was  commenced  with.    With  that  solution 
the  round  of  operations  is  begun  again ;  and  so  on,  time  after  time,  indefinitely. 

Apparatr-^for^Preparin^       When  hydrochloric  acid  and  manganese  are  used,  the  apparatus 

is  that  delineated  in  Fig.  105.    Jt  consists  of  a  large  stoneware  jar,  a,  provided  with 

an  opening,  a,  over  which  an  air-tight  cap  is  fitted  when  the  apparatus  is  at  work,  and 

by  which  the  jar  is  filled  with  manganese  and  acid ;  b  is  another  opening  fitted  wdth 

a  leaden  or  earthenware  gas  tube ;  c  is  a  tube  serving  to  run  ofi"  the  spent  manganese 

liquor,    b  is  a  wooden  box  into  which  steam  is  admitted  for  the  purpose  of  heating 

A  and  its  contents  sufficiently  to  promote  the  reaction  between  the  hydrochloric  acid 

and  the  manganese. 
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When  oMonne  ia  prepared  troin  a  mixture  ol  oommon  salt,  Hulpbnrie  aaid,  and  mau- 
ganese,  the  appuratna  is  required  to  withHtand  more  haat,  and  ia  therefora  oomtrnotMl 
entirely  o(  metal.  oa.Fig.  106,  is  a  shallow  iron  pan,  fitted  with  the  tnbe  6  lorthopnipoaa 
of  emptying  the  oontenta  of  the  leaden  cylinder,  dd.  This  iron  veesel  serrea  as  the  loww 
part  of  the  leaden  cylinder,  dd,  the  top  of  whioh  is  provided  with  on  opening  lor  a 
funnel  ayphon-tnbe  (or  the  introdootion  of  the  acid,  and  another  opening,/,  for  the  mau- 
ganeee.     The  entire  apparatus  stands  on  a  Bne  leading  from  a  fumaoe. 


csnduuinii  ApMniM.  The  ohloriae  passea  from  the  generator  throngh  the  tube,  k. 
Fig.  107.  into  a  room  conatmcted  of  large  blocks  and  glabe  of  aandatone  joined  by  meani 
of  asphalt  cement,  or  a  mixture  of  coal-tar  and  Qie-day.  SometimeB  the  room  is  bnilt 
of  bricks  laid  in  a  similar  cement,  the  interior  being  lined  with  aaphalt ;  leaden  ohamben 
oIbo  are  nsed  for  this  purpose.  The  room  is  fitted  with  sereral  shelTes  upon  whioh  slaked 
hme  is  placed  in  layers  of  three  to  four  inches  and  more  in  tbioknesB.    The  ohlorine  gas 


readily  absorbed,  heat  being  erolTSd.    Care  Is  to  be  taken  that  the  tempentme  doM 


le  then  chlorate  of  lime  is  formed ;  this  is  prevented  by  admittiiig 
m  as  the  absorption  ceases,  the  bleaohing-powder  is  removed  with 
9,  and  fresh  lime  introduced.  Freqnen^  the  chloride  of  lime  la 
n  admixture  of  slaked  lime. 

,0  prepare  a  solution  of  chloride  of  lime,  the  apparatiu  ahown  in 
rig.  108  in  employed.  Two  or  four  earthenware  vessels,  »,  about  a  heetolitree  eapaef^, 
are  placed  in  the  leaden  trough,  b,  the  bottom  of  which  is  protected  by  a  ewt-iiOD  pUta 
and  a  stoneware  slab,  f,  from  the  direct  aetlou  of  the  fin  af  ~      ~  ~ '~  ~   


not  exceed  15°, 
the  gas  slowly, 
rakes  from  the  shelves 
somewhat  diluted  by  a: 
When  it  in  desired  t' 
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g  the  purpose  of  a  bath,  snch  a  aolntion  boiliug 


tisteil  BolntioD  of  chloride  of  calcium  91 

wkdied  ixx  B,  pBBHea  throngh  n  into  i,  filled  with  piec  ^  .  .  . 

TBponjs  of  hydrochloric  acid  carried  oyer,  and  lastly,  the  chlorine  pasBing  throngh  n 
leBohei  the  absorption  vessel,  s.  This  TeBsel  ia  a  lead-lined  wooden  caak,  fitted  with  a 
axle  bearing  apokea  to  which  are  fastened  gutta-percha  floats.  The  bearing  and  plamroei 
blooka  of  the  axle  are  mode  of  gaaiacmn  wood  and  ebonite.  The  axle,  ",  gears  with  a  suit 
able  motive  power,  the  purpose  being  to  keep  the  milk  of  lime  ir  — ''~ 
UiG  gM  is  being  admitted. 

F:q.  108. 


le  gas  enters  above  the  level  of  the  flniil,  which  is  kept  constantly  stirred,  to 
assiat  En  the  absorption.  From  the  veaael  wherein  the  absorption  takes  place  a  small  tube 
ieads  into  onotber  vessel  fiUed  with  water  to  a  depth  of  iS  to  24  centime. ;  a  tnbe  fitted 
to  this  vessel  leads  into  the  open  air  to  convey  away  any  nnabaorbed  chlorine.  As  in  tlie 
preparation  of  solid  chloride  of  lime,  it  19  beie  necessary  to  guard  against  an  increase  in 
temperatnre  and  also  saturation ;  Schlieper  has  proved  that  too  concentrated  aolntions 
evolve  oxygen,  while  too  dilate  solations  yield  chlorate  of  lime. 

"'ftStaniD'jBJd'aSSl!"  ^  ^^  chlorine  required  for  the  preparation  of  chloride  of 
lime  is  generally  obtained  bj  llie  aid  of  manganese  and  hydrochloric  acid,  the  resi- 
dnea  consist  chiefly  of  free  acid  and  protochlciride  of  manganese.  The  principal 
Boggeetiona  aa  to  the  ntilisatioa  of  these  substnncca  are  : — 

a.  Those  aiming  at  the  regeneration  of  peroxide  of  manganese ;  and 

0.  Those  not  proceeding  with  this  view.     The  former  are  of  course  the   more 

important. 
i)m]ii»'iProo«.  This  process  is  one  of  the  oldest  and  the  best,  excepting  perhaps, 
Balmain's,  in  which  the  chloride  of  manganese  is  oeutraliEed  with  the  ammoniacal  water 
of  gaa-worka,  the  onpematont  liqnor  being  employed  for  preparing  sal-ammoniac,  while 
the  precipitate  is  ignited  in  a  reverberatory  famoce  and  converted  into  peroxide  of 
manganese.  Dnnlop'e  process,  as  practised  at  Tennant's  works  atOlasgow,  is  baned  npon 
the  fact,  first  obgerved  by  Forchhommer,  that  carbonate  of  manganese,  when  heated  to 
360°,  is  converted  into  peroxide  of  manganese ;  that  is,  the  carbonic  acid  is  driven  off, 
and  the  compound,  iMnOi -f- UuO,  obtained.  The  process  consists  in  the  following 
operations ; — 

1.  Conversion  of  the  chloride  of  manganese  into  carbonate  of  manganese. 

2.  Conversion  of  the  carbonate  into  peroxide  of  manganese. 

To  the  chlorine  preparation  residacs,when  they  have  become  clear,  either  chalk  or  """ik 
of  Ume  is  added  to  nentrelise  the  excess  of  acid  and  precipitate  the  oxide  of  iron.  This 
precipitate  having  settled,  the  clear  liquid,  a  rather  pnre  eolntion  of  protochloride  of  mnn- 
ganese,  is  poured  into  shallow  troughs  and  intimately  mixed  with  finely  powdered  chalk. 
The  magma  thns  formed  is  transferred  tor  farther  decomposition  to  a  large  cast-iron 
trough,  i^  metres  long  by  3  metres  wide.  Parallel  to  the  length  of  this  vessel,  a  stout 
wronght-iron  »ile  is  carried,  to  which  are  fitted  OMt-irou  brauches  Mrring  as  stirrerc:. 
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The  axle  paesing  throagh  stuffing  boxes  at  each  end  of  the  trough,  gears  with  a  motive 
power,  whereby  the  stirrers  are  oaased  to  keep  the  chalk  constantly  suspended  in  the 
manganese  solution.  High  pressure  steam  is  conveyed  into  the  trougn  and  aids  decom- 
position. The  carbonate  of  manganese  obtained  is  freed  by  washing  from  chloride  of 
calcium,  and  having  been  well  drained,  is  calcined  in  a  peculiarly  constructed  furnace,  in 
which  the  carbonate  is  first  dried  on  a  higher  stage,  and  then  is  transferred  to  a  lower  and 
hotter  stage,  where  oxidation  is  commenced.  The  oxidation  is  completed  at  the  lowest 
stage  of  the  furnace,  to  which  plenty  of  air  is  admitted.  The  fire-place  is  constructed  to 
admit  of  the  regulation  of  the  heat  with  great  nicety,  because  too  high  a  temperature  would 
cause  the  formation  of  protosesquioxide,  and  too  low  a  temperature  would  leave  the 
carbonate  undecomposed. 

oatty'8  Prooeu.  In  this  proccss  the  residues  are  converted  into  nitrate  of  manganese, 
which  is  next  decomposed  by  heat.  The  residues  are  evaporated  to  the  consistency  of  a 
syrup,  and  mixed  with  nitrate  of  soda : — 


To  76  kilos,  of  protochloride  of  manganesel     ^  ^        ^  ^  ^ 

and  to  95  kilos,  of  sulphate  of  manganese  /        »^"»'  "*  *""»•«  v* 


soda  are  taken. 


The  mixture  is  dried,  and  then  heated  to  a  dull  red  heat  in  an  iron  retort,  the  fumes  of 
nitric  acid  given  off  being  used  in  the  manufacture  of  sulphuric  acid.  The  residue  in  the 
retort  consists,  according  to  the  salt  of  manganese  employed,  of  peroxide  of  manganese 
and  chloride  of  sodium  or  sulphate  of  soda ;  it  may  be  lixiviated  with  water  to  obtain  the 
peroxide  of  manganese  in  a  pure  state  if  sulphate  of  soda  is  present. 

Hofnuuin's  Procesf.  The  proccsses  of  regenerating  manganese  by  the  application  of  soda 
waste  are  more  important  than  the  preceding.  In  Hofmann's  process  the  protochloride 
of  manganese  is,  by  the  addition  of  the  yellow  ley  obtained  from  the  lixiviation  of  soda 
waste  converted  into  sulphuret  of  manganese.    The  precipitate,  consisting  of — 

Sulphuret  of  manganese     55 'oo 

Sulphur 40*00 

Protoxide  of  manganese     5*00 


ICO'OO 

is  dried  and  calcined,  the  sulphurous  acid  given  off  being  led  into  the  sulphuric  acid 
chambers.    The  remaining  residue,  consisting  of — 

Sulphate  of  manganese 44*5 

Peroxide  of  manganese i8'g 

Protoxide  of  manganese        36*6 


lOO'O 

is  next  mixed  with  nitrate  of  soda  and  heated  to  300°,  yielding  sulphate  of  soda  and 
nitrate  of  manganese,  the  latter,  however,  being  at  once  decomposed  into  peroxide  of 
manganese  and  hyponitric  acid : — 

o.  MnS04 + jNaNO, = Mnp^O,)^ + NaaS04 ; 
/3.  Mn(N03:^5MnOa  +  2NOa. 

After  the  mass  has  cooled,  the  sulphate  of  soda  is  removed  by  lixiviation,  the  residue 
yielding  a  material  free  from  iron,  and  according  to  the  inventor,  equal  to  native  manganese. 

weidon-n  Proeesi.  To  the  residue,  consisting  of  protochloride  of  manganese,  are  first 
added  for  every  molecule  of  that  salt  2  molecules  of  hydrate  of  lime.  Into  this  magma,  con- 
sisting of  hydrate  of  protoxide  of  manganese,  hydrate  of  lime,  and  chloride  of  calcium,  air 
is  forced,  the  effect  being  that  the  manganese  is  rapidly  higher  oxidised,  and  forms 
calcium-manganite  (GaMn03,  or  MnOz.CaO),  which,  having  subsided,  and  the  supernatant 
chloride  of  calcium  solution  being  run  off,  is  ready  for  chlorine  making  by  the  addition  of 
hydrochloric  acid.  The  same  process  is  repeated,  and  even  a  change  of  vessels  is  not 
required.     (See  p.  216.) 

oumt  Methods  of  utilising  /3.  Utilisation  of  the  residues  without  regeneration  of  the 
th«  R«»idaes.  peroxide  of  manganese.    M.  Schaffner,  at  Aussig,  precipitates  the 

protochloride  of  manganese  with  lime,  dries  the  precipitate,  and  calcines  it  in  a  rever- 
beratory  furnace,  obtaining  protosesquioxide  of  manganese,  employed  with  iron  ore  in  the 
blast  furnace.  The  solution  of  chloride  of  calcium  simultaneously  obtained  is  precipi- 
tated by  sulphuric  acid,  yielding  the  material  known  as  annaline;  that  is  to  say,  the 
gypsum  used  in  paper  manufacture.  In  the  process  of  soda-making  from  sulphuret  of 
sodium  and  iron,  as  suggested  by  Malcherbe  and  improved  upon  by  Eopp,  for  the  oxides 
and  carbonate  of  iron,  the  corresponding  manganese  compounds  may  be  substituted. 
Carbonate  of  manganese  may  be  used  to  convert  sulphuret  of  sodium  into  soda,  and  may 
also  serve  for  the  preparation  of  permanganates.    A.  Leykauf  suggeBts  that  the  residues 
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of  chlorine  mimnfaotare  should  be  employed  to  fonn  a  violet-oolonred  paint,  known  as 
Kuremberg-yiolet,  a  oompoand  of  ammonia,  oxide  of  manganese,  and  phosphoric  add. 
In  England  the  residues  are  frequently  employed  in  the  punfioation  of  ooal-gas  and  as 
disinfeotants. 

^^SidSSiKSSS!"      When  chlorine  gas  and  slaked  lime  (hydrated  oxide  of  calcium, 

GaH^Oa)   are  brought  in  contact,  a  portion  of  the  oxygen  of  the  lime  combines 

with  the  chlorine,  forming  hypochlorous  acid,  which,  combining  with  the  nndecom- 

posed  lime,  forms  hypochlorite  of  lime,  while  another  equivalent  of  chlorine  combines 

with  the  deoxidised  lime  (calcium)  forming  chloride  of  calcium : — 

Chlorine,  2Cla,  )  ( Water,  2H,0. 

This  bleaching-powder  consists  in  loo  parts  of : — 

Hypochlorite  of  lime      49'3i 

Chloride  of  calcium 38*28 

TT  a  v6r  •••     •••     •••     •••     •••     •••     •••     ■••     •••     XZ41 
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or  of — 


v/nxorinG     •••     •••     •••     •••     •••     •••     •••     •••     40  QO 

*  i  1 1 1  m  •••   •••   •••   •••   •••   ••■   •••   •••   •••   3  09 

TY  awOJTaa*  •••  •••  •••  •••  •••  •••  •••  •••  X2^X 

100*00 

A  bleaching-powder  of  this  theoretical  composition  does  not  and  cannot  occur  in 
the  trade ;  a  good  sample,  containing  26*52  per  cent  of  active  chlorine  was  composed 
as  follows : — 

Hypochlorite  of  lime       26*72 

Chloride  of  calcium 25*51 

* " 111"  (•«  •■•  •••  •••  •••  •■«  ••■  •••  «•(  23  03 

Water  of  composition  and  moisture      24*72 

100*00 
This  analysis  may  be  more  intelligible  by  the  following  arrangement: — 

Hypochlorite  of  lime      2672 

Active  chloride  of  calcium      20*72 

Excess  of  chloride  of  calcium 4*79 

Hydrate  of  lime       30*46 

Water  of  composition  and  moisture      17*31 

lOOOO 

According  to  Dr.  Fresenius  (1861),  bleaching-powder  is  a  mixture  of  i  molecule  of 
Ca(C10)3  and  2  molecules  of  basic  chloride  of  calcium,  CaCl2,2CaH2024-2H20. 

FropeiiiM^o<»eaehiBg.  Bleaching-powdor  is  a  white,  rather  moist  powder,  consisting 
of  hypochlorite  of  lime,  chloride  of  calcium,  and  excess  of  slaked  lime.  10  parts  of 
water  dissolve  the  bleaching  material,  leaving  the  excess  of  lime ;  the  chlorine 
contained  in  the  chloride  of  calcium  also  acts  as  a  bleaching  agent,  as  on  adding  an 
acid  to  the  bleaching-powder  the  hypochlorous  acid  set  free  reacts  upon  the  hydro- 
ehloric  acid  evolved  from  the  chloride  of  calcium,  forming  water  and  chlorine : — 

©o+iSI-ifo+Sl) 
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The  bleaching  power  of  chloride  of  lime  does  not  come  immediately  into  play 
unless  an  acid  is  added ;  this  property  is  turned  to  account  in  the  producing  of  white 
patterns  upon  fabrics  dyed  turkey-red,  by  printing  the  pattern  in  a  thin  paste  of  tar- 
taric acid,  the  fabric  being  afterwards  immersed  for  a  few  minutes  in  a  solution  of 
hypochlorite  of  lime.  Instead  of  employing  acids  for  setting  the  chlorine  free  from 
chloride  of  lime,  sulphate  or  chloride  of  zinc  may  be  substituted,  the  result  being 
th|it  gypsum  and  oxide  of  zinc  are  precipitated,  while. hypochlorous  acid  remains  in 
solution.*  The  various  industrial  uses  of  bleaching-powder  have  already  been  men- 
tioned. Chloride  of  Hme,  as  bleaching-powder  is  generally  termed  in  this  country, 
is  sometimes  used  for  the  preparation  of  oxygen,  i  kilo,  (of  the  formula  Ca(C10)2)i 
yielding  1322  grms.=92'4  litres  of  oxygen. 

chiorimetry.  As  the  valuo  of  a  Sample  of  chloride  of  lime  depends  upon  the  quantity 
of  the  really  active  chlorine  and  hypochlorous  acid  it  contains,  methods  have  been 
devised  for  ascertaining  with  a  greater  or  less  degree  of  accuracy  the  quantity  of 
these  active  agents.  Formerly  the  test  was  the  discolouration  of  a  certain  quantity 
of  indigo  solution  by  a  certain  quantity  of  bleaching-powder  solution,  as  compared 
with  the  action  of  chlorine  upon  indigo,  but  it  is  clear  that  this  method  could 
not  yield  accurate  results. 

o«y-Ln«»e^s^oroiii«trie  This  eminent  savant  makes  use  of  the  oxidising  action  of 
chloride  of  lime  upon  arsenious  acid,  a  volume  of  dry  chlorine  gas  dissolved  in 
water  being  employed.  The  solution  of  chlorine  is  poured  into  a  graduated  tube 
divided  into  100  parts,  each  of  these  divisions  corresponding  to  one-hundredth  of 
chlorine.  A  solution  of  arsenious  acid  in  dilute  hydrochloric  acid  is  also  prepared, 
the  strength  of  the  solution  being  such  that  equal  bulks  of  the  two  liquids  suffer 
mutual  decomposition : — 

Arsenious  acid,  AS2O3,' 

yield 


Water,  2HaO, 
Chlorine,  2Cla, 


Arsenic  acid,  AS3O5, 
Hydrochloric  acid,  4CIH. 


Water  is  decomposed  ;  its  oxygen  combines  with  the  arsenious  acid,  forming  arsenic 
acid,  while  the  hydrogen  combines  with  the  chlorine.  Usually  i  litre  of  dry  chlorine 
gas  is  dissolved  in  i  litre  of  distilled  water.  The  normal  solution  of  arsenious  acid 
is  so  prepared  that  it  is  entirely  decomposed  by  the  chlorine  water  to  arsenic  acid. 
The  test  is  carried  out  as  follows : — Take  10  grms.  of  the  sample,  and  triturate  with 
distilled  water,  adding  sufficient  of  the  latter  to  make  up  a  litre.  Next  take,  by 
means  of  a  graduated  pipette,  10  c.c.  of  the  arsenious  acid  solution,  and  pour  it 
into  a  beaker,  adding  a  drop  of  indigo  solution  to  impart  a  faint  colour ;  next  add, 
by  means  of  a  burette,  sufficient  of  the  bleaching-powder  solution  to  cause  the 
colour  nearly  to  disappear,  then  add  more  of  the  indigo  solution,  and  again  bleaching- 
powder  solution,  until  the  fluid  becomes  quite  colourless.  The  normal  arsenious 
acid  solution  is  prepared  by  dissolving  44  grms.  of  this  add  in  32  grms.  of  hydro- 
chloric acid,  the  liquid  to  be  diluted  to  i  litre.  If  10  grms.  of  bleaching-powder  con- 
tain I  litre  of  chlorine  gas,  it  is  of  100  degrees  strength. 

pcnot'c  TMt.      Penot  has  modified  Gay-Lussac's  method  in  the  following  particulars : — 
For  the  arsenious  acid  solution  he  substitutes  arsenite  of  soda,  and  for  the  indigo 

*  Explosions  have  ocourred  from  bleaohing-powder  being  kept  in  too  tightly  dosed 
vesselB,  due  to  spontaneous  deoompontion,  (Ga(C10)2+CaClaaaCa01a-f-0a).  As  a  pre- 
vention  it  is  suggested  that  the  powder  should  be  ground,  packed  in  casks,  and  strongly 
pressed  into  a  bard  mass. 
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Bolution  a  colourless  iodised  paper,  which  is  turned  blue  by  the  smallest  quantity  of 
free  acid.  The  paper  is  prepared  in  the  following  manner: — i  grm.  of  iodine, 
7  grms  of  carbonate  of  soda,  3  grms.  of  starch,  and  \  litre  of  water  are  mixed.  When 
the  solution  becomes  colourless,  it  is  diluted  to  i  a  litre  ;  in  this  fluid  white  paper  is 
soaked.  The  arsenical  fluid  is  prepared  by  dissolving  444  grms.  of  arsenious  acid, 
and  13  grms.  of  crystallised  carbonate  of  soda  in  i  litre  of  water.  This  solution  is 
poured  by  means  of  a  burette  jnto  tlie  solution  of  the  chloride  of  lime  intended  to 
be  tested  (10  grms.  of  the  sample  to  i  litre),  the  completion  of  the  reaction  being 
known  by  the  paper  remaining  uncoloured.  Mohr,  again,  has  modified  this  process,  in 
not  however  very  essential  particulars. 

Dr.  WAffnei'c  Method.  This  tcst,  discovered  in  1859,  is  the  so-called  iodometrical 
method^  and  is  based  upon  the  fact  that  a  solution  of  chloride  of  lime  separates  the 
iodine  from  a  weak  (i  to  10)  and  slightly  acidified  iodide  of  potassium  solution,  the 
iodine  being  quantitatively  estimated  by  means  of  hyposulphite  of  soda : — 

Iodine  2I  )  (Iodide  of  sodium,  aNal, 

Hyposiilphiteof  soda,2Na,Sa03+5H,0,  [  ^^^^^  jT^el^thu,^^^^ 

The  test  is  thus  executed : — 100  c.c.  =  i  grm.  of  bleaching-powder  solution, 
obtained  by  dissolving  10  grms.  of  chloride  of  lime  in  i  litre  of  water,  are  mixed 
with  25  c.c.  of  solution  of  iodide  of  potassium  acidified  with  dilute  hydrochloric 
acid.  The  ensuing  clear,  deep  brown  coloured  solution  is  treated  with  hypo- 
sulphite of  soda  solution  until  quite  colourless.  The  hyposulphite  of  soda  solution 
is  composed  of  24*8  grms.  of  that  salt  to  i  litre  of  water ;  i  c.c.  of  this  solution  neu- 
tralises 0*0127  grms.  of  iodine  and  000355  grms.  of  chlorine. 

GUorometrieai  DegTMs.  The  Strength  of  bleaching-powder  is  indicated  in  England, 
Bussia,  America,  and  Germany  by  degrees  corresponding  to  the  percentage  of  active 
chlorine ;  but  in  France  the  degrees  denote  the  number  of  litres  of  chlorine  gas  at  0° 
and  760  millimetre  Bar.,  which  i  kilo,  of  bleaching-powder  can  evolve.  The 
following  table  compares  the  chlorometrical  degrees  of  France  and  England : — 

French.  English. 
63  2002 

65  2065 

70  22*24 

75  2383 

80  25*42 

85  2701 

90  2860 

100  31*80 

105  ZZ'Z^ 

1 10  34*95 

115  3654 

120  38*13 

125  3972 

126  4004 

The  percentage  is  calculated  by  multiplying  the  French  degrees  by  the  coefficient 
0*318,  a  litre  of  chlorine  gas  =  35*5  criths,  weighing  3*18  grms. 
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Alkaline  Hypoehioriies.  A  solutioti  of  h3rpochlorite  of  potassa  is  known  in  commerce 
under  the  name  of  Eau  de  Javelhsy  while  the  corresponding  soda  solution  is  known  as 
Eau  de  Ltibarriique]  these  solutions  are  prepared  hy  passing  chlorine  gas  into  a 
solution  of  either  caustic  (i),  or  carbonated  (2)  alkali : — 

(I).  2NaOH+CU=NaOCl+NaCl+H20; 

(2).  2NaaC03+Cla+HaO=NaOCl+NaCl+2NaHC03 ; 

or  by  exhausting  bleaching-powder  with  water,  and  precipitating  the  solution  with  sul- 
phate or  carbonate  of  soda  solution,  sulphate  or  carbonate  of  lime  being  thrown  down, 
while  the  hypochlorite  and  chloride  of  the  alkali  remain  in  solution. 

Hypochlorite  of  alominiom,  or  Wilson's  bleaching  liquor,  is  obtained  by  mixing  chloride 
of  lime  solution  with  sulphate  of  alumina ;  its  action  is  by  evolving  oxygen,  leaving 
chloride  of  aluminium  in  solution.  Hypochlorite  of  magnesia  (Bamsay's  or  Grouville's 
bleaching  liquor)  is  obtained  by  adding  sulphate  of  magnesia  to  a  solution  of  bleaching- 
powder  ;  the  result  is  the  formation  of  a  very  energetic  bleaching  compound,  which,  espe- 
cially for  the  purpose  of  bleaching  finely  woven  fubrics,  as  muslins,  <&c.,  is  preferable  to 
chloride  of  lime  on  account  of  the  absence  of  caustic  lime.  Yarrontrapp's  bleaching  salt, 
or  hypochlorite  of  zinc,  is  another  energetic  bleaching  compound  obtained  by  treating  a 
solution  of  chloride  of  lime  with  sulphate  of  zinc,  the  result  being  the  precipitation 
of  sulphate  of  lime,  while  hypochlorite  of  zinc  remains  in  solution ;  chloride  of  zinc  may 
be  employed,  but,  of  course,  the  solution  then  retains  chloride  of  calcium.  Hypochlorite 
of  baryta  is  sometimes  used,  hypochlorous  acid  being  obtained  by  the  addition  of 
very  dilute  sulphuric  acid. 

Chlorate  of  Potaua.  Tliis  Salt  (KCIO3)  cousists  in  icx>  parts  of  385  of  potassa  and 
61*5  of  chloric  acid ;  its  crystals  are  rhombic  and  tabular  in  form.  It  formerly  was 
prepared  by  passing  chlorine  gas  into  a  concentrated  solution  of  carbonate  of 
potassa,  the  result  being  the  formation  of  chlorate  of  potassa  and  chloride  of 
potassium.  As  the  chlorate  is  the  least  soluble  it  crystallises  first,  while  by  evapo- 
ration the  mother-liquor  yields  chloride  of  potassium.  The  chlorate  is  then  washed 
with  cold  water,  and  purified  by  re -crystallisation.  loo  kilos,  of  carbonate  of 
potassa  yield  in  this  manner  9  to  lo  kilos,  of  tlie  chlorate.  At  the  present  day, 
however,  chlorate  of  potassa  is  prepared  by  a  method,  the  suggestion  of  the  late 
Dr.  Graham.  Chlorine  is  caused  to  act  at  a  high  temperature  upon  milk  of  lime,  with 
the  result  of  the  formation  of  chlorate  of  lime  and  chloride  of  calcium,  the  chlorate 
of  lime  being  afterwards  decomposed  by  chloride  of  potassium.  The  method  by 
which  chlorate  of  potassa  is  prepared  on  the  large  scale  according  to  this  plan  is  the 
following : — i  mol.  of  chloride  of  potassiimi  and  6  mols.  of  hydrate  of  lime,  having 
been  mixed  witli  water,  are  submitted  to  the  action  of  chlorine  gas ;  the  solution  yields 
on  evaporation  crystallised  chlorate  of  potassa,  wliile  chloride  of  calcium  remains. 

This  operation  is  carried  on  by  the  aid  of  the  apparatus  illustrated  in  Fig.  109.  b  b  are 
earthenware  jars,  placed  in  a  chloride  of  calcium  bath,  and  filled  with  a  mixture  for 
evolving  chlorine  gas.  This  gas  is  conveyed  through  the  leaden  tube,  f  f,  to  the  vessel,  c, 
which  is  placed  in  cold  water  for  the  purpose  of  condensing  any  aqueous  vapours.  From 
c  the  gas  passes  through  the  leaden  tube  g  into  the  absorption  vessel,  a,  in  which  the 
mixture  of  lime  and  water  has  been  placed,  e  is  an  iron  stirrer  covered  with  lead ;  A,  a 
portion  of  the  tube  for  carrying  ofF  the  non-absorbed  chlorine ;  d,  a  tube  closed  with 
a  plug  during  the  operation,  and  intended  for  tapping  off  the  contents  of  the  vessel.  The 
milk  of  lime  is  poured  into  the  vessel  at  50°  to  60"  C,  while  sometimes  steam  is  injected 
for  the  purpose  of  keeping  up  the  temperature,  which  rises  as  soon  as  the  reaction  com- 
mences nearly  to  the  boiling-point.  A  small  quantity  of  hypochlorite  of  lime  is  always 
formed.  As  soon  as  no  more  chlorine  is  absorbed  the  fluid  is  tapped  off  into  a  lead-lined 
tank,  and  after  the  suspended  matter  has  been  deposited,  is  syphoned  over  into  a  leaden 
evaporating  pan  and  concentrated  to  25^  to  30°  B.,  any  hypochlorite  of  lime  being  thus 
converted  into  chlorate.  To  the  evaporated  and  concentrated  solution  there  is  added 
a  hot  solution  of  chloride  of  potassium,  after  which  the  evaporation  is  continued  to  crys- 
taUisation.    According  to  theory,  2|  parts  of  lime  require  i  part  of  chloride  of  potassium ; 
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bj  flrat  preparing  oUonite  of  lime,  and  boiling  a  solution  of  tiiia  chlorate,  adding  tt 
conoentratM  flnid  chlorata  of  potaasinm  to  obtain  chlorate  of  potaasa.  Chlorate  of 
potawa  la  not  altered  by  eipoeare  to  air,  is  lolable  in  i6  parte  of  water  at  I5'8°.  in  S  parts 
of  water  at  35°,  and  in  1-6  parts  of  water  at  loo°.  On  being  heated  to  fusioa,  thiy  enlt 
yields  oijgen  ;  if  inoantioiiBl;  rnbbed  in  a  mortar  with  combaBtible  snbetuuceB,  aa 
anlpbnr  or  phosphoma,  violent  eiploaions  will  eneoe.    i  kilo,  of  the  chlorate  yields,  when 


heated  witb  either  0*5  kilo,  of  manganese  or  i  kilo,  of  oxide  of  iron,  or,  better  etil],  with 
A  small  quantity  o(  oxide  of  aopper  (see  "  Chemical  News,"  vol.  iiiv,,  p.  S5),3gi'2  gnne.  ^ 
373'S  litres  of  oxygen.  Chlorate  of  potaaaa  is  chiefly  employed  in  pjrotechny  for  the  pre- 
paration of  white  powder,  as  an  ingredient  in  the  eiploaive  raixtnre  for  the  cartridge 
of  needle-gona,  as  an  oiidiaing  agent  ia  calico-printing,  and  in  the  preparation  of  aniline 
black.  Peroblorate  of  potasaa  (KCliO,|  is  now  more  treqnentty  ased  in  pyrotechny, 
beiiig  leiB  dangeroas  to  manipnlste,  and  owing  to  the  large  qnantitj  of  oxygen,  emitting 
inoie  intense  Ught. 

Alkalimetht. 
The  potash  met  with  in  commerce,  no  matter  from  what  sonrce  it 
is  always  a  mixtnre  of  carbonate  of  potaasa  with  other  salts  of  potassa 
and  soda ;  and  again  the  carbonate  of  soda  of  commerce  is  a  mixture  of  the  car- 
bonate with  other  soda  salts,  chiefly  aulpliate  and  chloride.  The  vains  of  either  of 
the  salts  of  course  depends  cfaieflj  upon  the  quantitj  of  pure  carbonate  present  in  a 
given  sample.  The  quantitative  determination  may  be  effected  by  either  of  two  rapid, 
yet  anfficienlly  accurate,  methods : — 

a.  The  estimation  of  the  quantity  of  acid  required  to  nentmlise  the  alkaline 

carbonate ; 

b.  The  determination  of  the  quantity  of  carbonic  acid  evolved  by  the  addition  of 

a  strong  acid. 
It  is  clear  that  these  methods  can  be  applied  only  when  no  other  than  the 
alkaline  carbonate  is  present. 

VnhuHbiHiiiiaDi.  This  method,  invented  by  DescroiziUes  and  improved  by  Oaj- 
Lnssac,  is  based  upon  the  measprement  of  the  qnanti^  of  sulphuric  acid  required  to 
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expel  the  carbonic  acid  from  a  certain  quantity  of  carbonate  of  potassa,this  measure- 
znent  giving  the  quantity  of  pure  salt.  The  best  sulphuric  acid  is  prepared  by 
mixing  100  grms.  of  pure  sulphuric  acid,  sp.  gr.  =  1-842,  with  locx)  grms.  =  1000  c.c. 
=  I  litre  of  distilled  water ;  or,  instead  of  weighing  the  acid,  54'268  c.c.  maybe 
mixed  with  a  litre  of  water.  50  c.c.  of  this  normal  acid  solution  suffice  for  converting 
4807  grms.  of  potassa  into  sulphate  of  potassa.  The  burette  of  50  c.c.  capacity  and 
graduated  to  half  a  c.c,  is  filled  with  test-acid ;  next  4807  grms.  of  potassa  are 
weighed  out  and  dissolved  in  boiling  water.  Some  litmus  tincture  is  now  added 
and  tlie  test-acid  poured  from  the  burette  into  the  potash  solution  until  the  colour  is 
a  wine-red.  Supposing  60  demi-c.c.  to  have  been  used  in  saturating  tlie  potash,  and 
deducting  |  c.c.  for  possible  excess,  the  sample  contains  potash  of  59 J°.  The 
quantity  of  potassa  per  cent  is  calculated  by  multiplying  the  quantity  found  by  1*47. 
Potash  of  50°  contains  50  X  1*47  =  75'5  per  cent  carbonate  of  potassa. 
MohTa  Method.      Mohr  substitutcs  for  the  sulphuric  acid  crystallised  oxalic  acid — 

(C2H304,2H20=i26;  i  mol.  =  63), 
because: — i.  It  is  as  strong  as,  and  similar  to,  sulphuric  acid  in  its  action  upon 
litmus ;  2.  Being  neither  deliquescent  nor  efflorescent,  it  can  be  readily  weighed  oflf 
in  a  dry  state  with  accuracy;  3.  Its  aqueous  solution  is  not  liable  to  become  mouldy 
by  keeping,  as  are  the  solutions  of  citric  and  tartaric  acids ;  4.  It  is  not  volatile 
when  in  hot  wat^r.  To  prepare  the  normal  acid  liquor,  63  grms.  of  oxalic  acid  are 
dissolved  in  a  litre  of ^wrater ;  on  the  other  hand,  there  is  prepared  a  corresponding 
solution  of  caustic  potassa  so  titrated  that,  on  being  mixed  with  an  equal  bulk  of  the 
acid  solution,  the  last  drop  of  the  alkaline  solution  restores  the  blue  colour  of  the 
previously  reddened  litmus,  provided  the  liquor  does  not  contain  carbonic  acid  in 
solution.  For  alkalimetric  purposes  6'9ii  grms.  of  potash  or  532  grms.  of  soda  are 
weighed  out,  these  quantities  being  equal  to  8*0  molecule,  and  as  tlie  test-acid  contains 
in  1000  c.c.  i  molecule  of  oxalic  acid,  icx)  c.c.  will  exactly  neutralise  the  quantity  of 
alkali.  Some  litmus  tincture  is  mixed  with  the  alkaline  solution,  to  which  the 
oxalic  acid  solution  is  added  in  a  slight  excess  (5  to  6  c.c),  the  solution  being 
boiled  to  expel  all  the  carbonic  acid.  There  is  now  added  by  means  of  a  pipette 
divided  into  tentlis-cc,  just  sufficient  caustic  alkali  to  turn  the  litmus  blue ; 
the  number  of  c.c.  of  alkali  solution  employed  is  deducted  from  the  number  of  c.c.  of 
acid  solution  employed,  tlie  difierence  giving  the  percentage  of  pure  carbonate  of 
potassa  contained  in  the  sample.  For  instance,  if  345  grms.  of  the  potafeh  =  ^0  mole- 
cule, require  36  c.c.  of  tlie  acid  and  3  c.c  of  the  alkaline  liquor,  there  will  be  ^^  c.c 
test-acid  =  66  per  cent  carbonate  of  potassa,  as,  instead  of  j*o  mol.,  7^0  mol.  having 
been  employed,  the  number  of  c.c.  of  test-acid  must  be  doubled. 

These  instances  of  alkalimetric  prooesses  will  suffice  for  the  purposes  of  clacidation ; 
but  the  reader  will  find  fuller  explanations  in  works  on  volumetric  aualypis.  However,  it 
is  still  to  be  observed  that  as  potash  is  a  very  hygroscopic  substance,  it  is  necessary  to 
estimate  the  water  it  contains,  or  at  least  to  dry  the  sample.  As  6*29  grms.  of  commercial 
potash  and  4*84  grms.  of  soda  contain  when  pure  exactly  2  grms.  of  carbonic  acid,  every 
2  centigrms.  loss  equals  i  per  cent  of  carbonate.  Supposing  the  loss  of  weight  to  amount 
to  164  centigrms.  the  sample  will  contain  >|*  =82  per  cent  of  carbonate  of  potassa ;  for 
scientific  purposes  it  would  answer  to  say  that  such  a  sample  consists  in  100  parts  of : — 

Carbonate  of  potassa 82 

Foreign  salts       8 

Water lo 

zoo 
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For  oommeroial  purposes,  however,  at  least  abroad,  the  ralae  (tiire)  of  a  sample 
of  potash  expresses  the  percentage  of  anhydrous  salt ;  for  instance,  by  potash  at  fVci 
is  meant  potash  containing  60  per  cent  of  real  carbonate  when  in  a  dry  state. 
But  if,  by  having  taken  np  moistnre,  100  lbs.  have  increased  in  weight  to  105  or 
109  lbs.,  the  expression  -jVi  oi*  iVtf  ^^  equivalent  to  saying  that  the  amount  of  money  that 
would  buy  ^^  of  dry  material  will  also  buy  iVv  fti^d  -f^f  of  the  moist  salt ;  the  purchaser, 
therefore,  does  not  pay  for  water,  and  all  that  he  has  to  do  is  to  ascertain  the  quantity  of 
water  present  in  the  sample.  In  France  the  quantity  of  soda  contained  in  a  sample  is 
usually  expressed  in  degrees  indicating  the  percentage  of  carbonate  of  soda,  and  in 
Englsuad  the  percentage  of  caustic  soda ;  thus,  as  100  parts  of  carbonate  of  soda  contain 
58*6  of  soda  and  41*4  of  carbonic  acid,  it  follows  that 

80°  French  are  equal  to  46*9"  English. 

86«       „        „      „  50-5° 

9^*       II        i»       i»  52*8*  „ 

siSiDsu&K thevahi**      ^  *^®  preceding  methods  of  testing  potash  no  notice  is  taken  of  the 
at  Potash.  Boda  Contained  in  the  samples,  nor  is  the  qtiaiity  of  the  potassa  salts 

considered.  It  is  dear  that  these  determinations  require  a  full  an^ysis,  which,  by 
Gruneberg's  method,  is  executed  in  the  following  manner : — The  carbonate  of  potassa 
is  estimated  by  Oay-Lussac's  method,  the  chlorine  by  the  aid  of  nitrate  of  silver,  the 
sulphuric  acid  by  nitrate  of  lead,  and  the  quantity  of  any  free  caustic  potassa  is  deter- 
mined by  means  of  tartaric  acid.  All  the  chlorine  is  calculated  as  chloride  of  pota43sium, 
all  the  sulphuric  acid  as  sulphate  of  potassa,  and  the  rest  of  the  potassa  as  carbonate ; 
the  quantity  thus  found  is  deducted  from  that  found  alkalimetrically,  and  the  remainder 
is  calculated  to  be  carbonate  of  soda  in  the  proportion  of  69*1  to  53*0. 

Ammonia  and  AmmonUcal  Salts. 

Ammonia.  Ammonia  occurs  in  the  atmosphere.  Ammoniacaf  salts  are  met  with  in 
a  few  minerals  and  in  volcanio  districts.  But  the  bulk  of  the  ammonia  and 
ammoniacal  salts  industrially  used,  is  obtained  from  the  dry  distillation  of  coals, 
bones,  and  animal  substances,  also  by  the  distillation  of  lant  (stale  urine),  by  the 
ju^on  of  steam  on  some  cyanogen  compounds,  and  as  a  product  of  the  blast-furnace 
process. 

The  following  sources  of  ammonia  are  technically  available : — 

1.  Native  carbonate  of  ammonia, 

2.  Preparation  of  ammoniacal  salts  with  boracic  acid, 

3.  Volcanic  sal-ammoniac, 

4.  Ammonia  from  nitric  acid  in  the  purifying  of  caustic  soda, 

5.  „  „     deutoxide  of  nitrogen  and  nitrous  acid, 

6.  n  II     the  nitrogen  of  the  air, 

7.  „  „     certain  cyanogen  compounds. 


,  Inorganic 
sources. 


fi.  Organic 
sources. 


8.  Coals  yield  ammonia : — 

a.  By  the  dry  distillation  for  the  purpose  of  gas  manufacture, 
h.  By  the  coking  of  coals, 
c.  By  the  use  of  coals  as  fuel ; 

9.  Ammonia  from  lant, 

ID.        „  „    the  dry  distillation  of  bones, 

II.        „  „    beet-root  juice. 


Ammonia,  NH3,  consists  of  i  volume  of  nitrogen  and  3  volumes  of  hydrogen,  con- 
densing to  2  volumes  of  ammonia  gas,  a  colourless  gas  of  a  peculiar  and  well-known 
odour  and  sharp  biting  taste.  At  15''  water  absorbs  727,  and  at  0°  1050  times  its 
own  bulk  of  this  gas,  the  solution  being  known  as  liquid  ammonia,  or  spirit  of  sal- 
ammoniac,  the  sp.  gr.  of  which  is  0824  (=31*3  per  cent  NH3).  Usually,  however,  a 
weaker  and  more  stable  liquid  ammonia  is  prepared  for  pharmaceutical  and  technical 
purposes,  having  a  sp. gr.  =  0960  (=  975  per  cent  NH3).  The  following  table 
shows  the  specific  gravity  of  liquid  ammonia,  and  the  percentage  of  ammonia 
contained :— ^ 


AUMOmA. 

Sp.gr. 

KH3  per  eent. 

Sp.gr. 

KH3  per  eent. 

0875 

3250 

0959 

100 

o'824 

31*30 

o'96i 

95 

0*900 

2600 

0963 

90 

0905 

25*39 

0965 

8-5 

0925 

19*54 

0968 

80 

0932 

1752 

0970 

7*5 

0947 

1346 

0972 

70 

0-951 

I2'00 

0-974 

6-5 

0953 

1 1  50 

0976 

60 

0955 

II'OO 

0978 

5-5 

0957 

1050 

227 


Ammonia  gas  is  very  solnble  in  aloohol.  The  spiritxis  ammoniaci  eaxutici  Dzondii  of 
the  Prossian  Pharmacopoeia  is  a  solution  of  ammonia  gas  in  aloohol  of  0*820  sp.  gr. ;  the 
ammoniacal  solution  containing  10  per  cent  of  real  NH3,  and  having  a  sp.  gr.  of  0*808  to 
O'Sio.  The  liq%ior  ammonii  vinosus  is  a  mixture  of  i  part  of  liquid  ammonia  (at  10  per 
cent  NH3)  and  2  parts  of  strong  alcohol.  Liquid  ammonia  is  industrially  employed  for 
the  extraction  of  the  lichen  (orchil)  pigments,  in  the  preparation  of  carmine,  the  manu- 
facture of  snufif,  the  purifying  of  coal-gas,  for  the  removal  of  carbonic  acid  and  sulphuretted 
hydrogen,  for  the  saponification  of  fats,  the  preparation  of  ferrocyanide  of  potassium 
according  to  Gelis^s  plan  with  the  aid  of  sulphide  of  carbon,  for  the  extraction  of  chloride 
of  silver  from  its  ores,  as  antichlor  in  bleach- works,  and  in  the  manufacture  of  pigments 
and  dyes.  As  regards  the  use  of  liquid  ammonia  for  the  extraction  of  copper  from 
pyritical  ores,  Barruerstated  (1852)  that  the  copper  might  be  dissolved  by  simply  impreg- 
nating finely  pulverised  ore  with  liquid  ammonia,  and  forcing  air  through  the  mixture, 
the  metal  being  obtained  as  black  oxide  of  copper  after  the  ammonia  is  distilled  off. 
This  process,  however,  has  not  been  found  to  answer  on  the  large  scale.  The  researches 
of  von  Hauer,  Schonbein,  Tuttle,  and  others,  have  proved  that  the  oxidation  of  the 
ammonia  is  simultaneous  with  the  oxidation  of  the  copper,  and  that  the  nitrous  acid  thus 
formed  is  the  active  agent.  Moreover,  the  experiments  of  Liebig  and  Way  have  proved 
that  even  if  the  operation  were  carried  on  in  air-tight  vessels,  the  ammonia  could  not  be 
entirely  recovered,  owing  to  the  fact  that  the  ores  absorb  ammonia,  and  render  it 
insoluble,  thereby  preventing  its  action  on  the  copper.  But  if  the  copper  ore  be 
tolerably  pure  malachite  or  lazulite,  only  containing  lime  or  carbonate  of  that  base,  liquid 
ammonia  may  be  successfully  employed.  Liquid  ammonia  is  used  in  Carry's  ice-making 
machine.  The  rationale  of  this  machine  is  that  ammoniacal  gas  being  expelled  by  heat 
from  its  aqueous  solution,  is  again  condensed  and  liquefied  by  pressure  and  cooling ;  the 
retort  in  which  the  ammonia  is  heated  being  next  cooled  by  water,  a  vacuum  is  created, 
and  as  a  consequence  the  ammonia  contained  in  the  condenser  volatilised,  returned  to  the 
retort,  and  again  taken  up  by  the  water  present.  On  again  resuming  the  gaseous  state, 
the  ammonia  absorbs  a  great  amount  of  heat,  causing  a  diminution  in  temperature 
sufficient  to  freeze  water.  Carry's  ice-machine  yields  10  kilos,  of  ice  for  every  kilo,  of  coal 
consumed  as  fuel.  Although  Foumier  has  suggested  that  ammoniacal  gas  might  be 
usefully  employed  in  testing  the  joints  of  gas-fittings  in  houses,  this  is  more  readily 
effected  by  the  use  of  a  hand  air-pump.  The  application  of  ammonia  as  a  source  of 
motive  power  has  been  tried,  but  it  is  not  at  present  likely  that  it  will  supersede  steam. 

****'*aS2'oSjJ^'*"  By  decomposing  with  caustic  lime  either  chloride  of  ammonium 
or  sulphate  of  ammonia,  ammoniacal  gas  is  set  free,  and  can  be  absorbed  by  water, 
care  being  taken  that  the  lime  is  in  excess.  When  carbonate  of  ammcHiia  is  prepared 
on  the  large  scale  by  sublimation  of  a  mixture  of  chalk  and  sal-ammoniac,  a 
large  quantity  of  ammoniacal  gas,  14  parts  for  each  100  parts  of  carbonate  of 
ammonia,  is  obtained  and  may  be  utilised.  Wagner  has  been  the  first  to  observe 
that  the  technical  preparation  of  liquid  ammonia  might  be  combined  with  the 
preparation  of  baryta-white  by  precipitating  a  solution  of  sulphate  of  ammonia 
with  caustic  baryta  water ;  the  clear  supernatant  liquor  will  be  a  solution  of  caustic 
ammonia. 
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The  preparation  of  liquid  ammonia  on  the  large  eoale  is  effected  bj  meana  of  tbs 
appftrataa  ahovn  in  Fig.  no.  a  is  a  cast-iron  distilling  TeBsel  placed  in  a  brickwork 
tUTQAoe.  To  the  neck  of  the  Tesnel  is  fitted  a  lid  aeoored  to  the  flange  by  means  of 
bolts  and  nats,  and  luted  vith  red-lead.  The  lid  carries  an  iron  tube,  ni,  leading  to  the 
wash  Teasel,  b,  of  wrought-iroD.  This  vesEel  la  snrromided  h;  cold  water  coctoined  in  a 
wooden  taok,  and  is  provided  with  a  wide  tube,  e,  tbroogh  which  m  passes.  The  wash 
Tessel  is  filled  with  only  bo  much  water  as  will  oloae  the  tubes  n  and  o  hydranlically, 
aa  during  the  operation  a  large  qmuitity  of  water  is  distilled  over  from  k,  loo  parts  of 
alaked  lime  are  miied  with  a  sufficient  quantity  of  water  to  form  a  thin  milk  of  lime, 
which  is  poured  into  a  ;  the  lime  solntiun  having  become  qnite  cold,  there  is  added  loo 
parts  of  pnlverised  sal-ammoniao  or  sulphate  of  ammonia,  being  thoroughly  mixed  by 
■tirring  with  an  iroD  rod.    The  lid  being  screwed  oo  a,  the  fire  is  lighted  in  o ;  the 


mercurial  gauge,  b,  uhows  the  couruo  ol  the  operation.  The  BJcnioniacal  gas  proceeds 
from  the  wash  vCBsel,  jt,  through  the  tube  i  into  the  cnndenaiug  apparatus,  D,  invented 
by  Brnnnqnell,  aud  highly  useful  for  this  and  for  similar  purposes  where  it  is  desired  to 
work  under  a  low  pressure.  This  apparatus  coneUtB  of  a  large  tank  or  boi  in  which 
four  shallow  bosses,  a',  a",  a'",  a"",  are  placsd  bottom  upwards,  the  sides  of  the  boxea 
being  perforated  with  small  slits.  The  outer  tank  Ib  filled  with  water.  When  am- 
moniacal  gas  enters  through  1  into  a"",  it  forms  a  large  bubble,  similar  to  an  air  bubble 
under  ice,  aud  reaching  one  o(  the  aroall  alita  rises  into  a'",  and  so  on,  the  bubble 
becoming  smaller  and  smaller  as  the  water  graduall;  absorbs  the  gas.  The  box  or  tank, 
D,  is  placed  in  a  large  tank,  not  represented  in  the  cut,  filled  with  cold  water  constantly 
renewed.  The  still,  a,  is  ol  sufficient  capacity  to  contain  zo  kilos,  of  sulphate  of 
ammonia,  and  So  litres  of  water.  The  operation  is  continued  until  the  bottom  of  the 
still  becomes  red-hot.  The  water  contained  in  b  is  used  at  a  sabseqoent  operation  for 
miiiiig  with  tbeiime.  The  preparation  of  liquid  ammonia  directly  from  gas  liquor,  the 
ammoniacal  water  of  gas  works,  will  be  mentioned  presently.  The  application  of  the 
property  of  chloride  of  calcium  to  absorb  ammonia  and  deliver  it  up  on  the  application 
of  heat  has  been  attempted  industrially  by  Knab  for  the  sturing-up  of  ammonia.  Strong 
liquid  ammonia  only  contains  25  per  cent  NHj,  and  Knab's  preparation  50  per  cent;  as 
regards  tranapurt  this  may  not  be  an  iminteresting  fact,  but  chloride  of  calcium  is  a 
very  deliquescent  salt. 

"™'SL^iu°"°'  Before  proceeding  to  deecribe  the  preparation  of  ammoniacal 
Baits  from  bones,  coals,  lant,  La.,  we  must  first  enumerate  the  inorganic  soorcei  of 
ammonia  of  industrial  importance. 

I.  Native  carbonate  of  ammonia,  met  with  in  large  quantities  in  the  guano  deposits  of 
Sooth  America,  was  imported  into  Oermany  as  a  commercial  article  in  1848.  On  being 
analysed  this  substance  waa  found  to  conaist  ot~ Ammonia,  30-44 ;  carbonic  add,  S4'3J  ; 
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water,  21 '54 ;  and  insoluble  matter,  21*54  parts.  It  is,  therefore,  a  bicarbonate  of  ammonia 
{NH4)HC03. 

2.  The  preparation  in  Tuscany  of  native  sulphate  of  ammonia  as  a  by-product  of  the 
preparation  of  boracic  acid  has  recently  become  important.  The  suffioni  contain,  in 
addition  to  boracic  acid,  sulphates  of  potassa,  soda,  ammonia,  rubidium,  <&c. ;  and  that 
the  quantity  of  these  substances  is  by  no  means  small  may  be  inferred  from  Travale's 
researches,  from  which  it  appears  that  four  suffioni  3delded  within  twenty-four  hours 
5000  kilos,  of  saline  matter,  consisting  of  150  kilos,  of  boracic  acid,  1500  kilos,  of  sulphate 
of  ammonia,  1750  kilos,  of  sulphate  of  magnesia,  750  kilos,  of  the  protosulphates  of 
iron  and  manganese,  &c.  The  ammonia  is  probably  due  to  the  decomposition  of  nitrogenous 
organic  matter,  occurring  largely  in  the  Tuscan  mountains,  the  soil  near  the  lagoons  being 
impregnated  with  sulphate  of  ammonia.  In  combination  with  the  sulphates  of  soda, 
magnesia,  and  iron,  sulphate  of  ammonia  forms  the  mineral  Boussingaultite,  discovered 
by  Bechi. 

3.  The  ammoniacal  salts  due  to  volcanic  action  are  of  no  or  of  little  value  to  industry. 
Mascagnin,  sulphate  of  anmionia,  is  met  with  on  Vesuvius  and  Etna ;  sal-ammoniac  is 
sometimes  also  found  on  Etna,  as  in  the  years  1635  and  1669,  in  such  large  quantities 
as  to  become  temporarily  an  article  of  commerce  at  Catania  and  Messina. 

4.  Ammonia  is  formed  during  many  inorganic  chemical  operations,  but  rarely  in 
<iuantitie8  rendering  its  preparation  or  recovery  commercially  available.  Ammonia  is, 
for  instance,  set  free  in  the  preparation  of  caustic  soda  (see  page  189),  and  the  purifi- 
cation of  caustic  soda  by  means  of  nitrate  of  soda ;  the  quantity  of  ammonia  set  Iree  in 
this  case  is  so  large  that  it  would  be  commercially  worth  tr^^ing  to  condense  the  gas  in  a 
coke  scrubber  or  condenser.  When  arseniate  of  soda  is  prepared  by  dissolving  arsenious 
acid  in  a  caustic  soda  solution,  evaporating  this  liquid  to  dr^'ness,  and  igniting  the  residue 
with  nitrate  of  soda,  ammonia  is  disengaged  in  large  quantity. 

5.  Under  the  heading  '*  Ammonia  as  a  by-product  of  the  manufacture  of  sulphuric 
acid,*'  there  is  in  the  original  Grerman  text  a  description  of  a  mere  suggestion,  embodied  in 
a  provisional  specification  of  an  English  patent,  for  the  utilisation  of  the  waste  nitrous 
vapours  of  sulphuric  acid  manufacture  in  the  preparation  of  ammonia,  by  passing  these 
vapours,  with  steam,  through  red-hot  tubes  or  retorts  filled  with  charcoal,  the  ammonia 
thus  formed  being  absorbed  by  sulphuric  acid.  This  process  could  never  be  available  but 
in  badly  arranged  sulphuric  acid  works,  because  in  well  managed  works  the  escape  of 
nitrous  fumes  is  so  very  small  that  it  certainly  would  not  pay  to  convert  them  into 
lunmonia. 

6.  Of  the  many  unsuccessful  attempts  made  to  directly  convert  the  nitrogen  of  the 
atmosphere  into  ammonia,  it  will  only  be  necessary  to  mention  Fleck's  suggestion,  to 
pass  a  mixture  of  nitrogen,  oxide  of  carbon,  and  steam  over  red-hot  hydrate  of  lime, 
whereby  ammonia  and  carbonic  acid  are  formed : — 

Nitrogen,  2N  ,  f  Ammonia,  2NH3,  and 

mtr,lHro'"''   ""1  "^       lcarbonic;cid,/cO.. 

7.  Perhaps  the  indirect  application  of  atmospheric  nitrogen  for  the  preparation  of 
ammonia  is  of  more  importance.  Margueritte  suggests  that  cyanide  of  barium  should  be 
prepared,  and  its  nitrogen  converted  into  ammonia  by  the  aid  of  a  current  of  superheated 
steam  at  300°.  According  to  the  description  of  this  process  in  an  English  patent,  not 
however  in  practice,  native  carbonate  of  baryta  is  calcined  with  some  30  per  cent  of  coal- 
tar,  for  the  purpose  of  rendering  the  mass  porous  as  well  as  more  readily  converted  into 
caustic  baryta  at  a  lower  temperature.  The  carbonaceous  mass  is,  after  cooling, 
placed  in  a  retort,  and  kept  at  a  temperature  of  300°,  while  air  and  aqueous  vapour 
are  forced  in,  the  result  being  the  formation  of  ammonia  in  considerable  quantity,  and 
carbonate  of  baryta,  which  is  again  used.  Ammonia  is  evolved  from  ball  soda  while 
cooling,  during  the  formation  of  cyanogen  and  cyanide  of  potassium  in  blast  furnaces, 
and  the  formation  of  sal-ammoniac  in  the  process  of  iron  smelting. 

^^^''^^SmT'^  Industrially  speaking,  the  organic  sources  of  ammonia  are  far 
more  important  than  the  inorganic.  Among  the  ammonia-yielding  organic  sub- 
stances coal  (8)  takes  the  first  place ;  the  average  quantity  of  nitrogen — 075  per 
cent — contained  in  coal  is  converted  into  ammonia  during  three  different  processes 
employing  this  valuable  mineral,  viz. : — 

a.  By  the  dry  distillation  of  coals  for  the  manufacture  of  illuminating  gas,  ammonia  is 
obtained  in  the  so-called  gas-,  or  ammoniacal  gas-water,  the  liquid  mainly  consisting  of 
an  aqneoiui  solution  of  sesquicarbonate  of  ammonia.    The  importance  of  this  source 
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of  ammonia  production  may  be  inferred  from  the  fact  that  the  one  million  tons  of  ooalfl 
yearly  carbonised  by  the  London  gas-works  will  yield,  supposing  all  the  nitrogen  to  be 
conrerted  into  sal-anmioniac,  9723  tons  of  that  salt. 

/3.  Ammonia  is  also  formed  when  coal  is  converted  into  coke  in  coke  ovens.  Very 
recently  the  utilisation  of  this  source  of  ammonia  has  been  successfuly  carried  on  at  the 
large  coking  establishment  at  Alais,  D6partement  du  Oard,  France,  and  also  at  the  coke 
ovens  belonging  to  the  SoeieU  de  Carbonisation  de  la  Loire ^  near  St.  Etienne,  where,  in 
ovens  constructed  according  to  Enab's  method,  large  quantities  of  ammoniacal  salts  are 
produced. 

7.  Ammonia  is  produced  during  the  combustion  of  coal  as  fuel,  a  portion  of  the  nitrogen 
contained  in  the  coals  being  eliminated  as  ammonia ;  but  this,  it  should  be  borne  in  mind, 
is  a  consequence  of  imperfect  combustion,  and  consequently  of  loss  of  fuel ;  and  althou^ 
a  series  of  experiments  have  been  made,  and  apparatus  devised  for  collecting  and  con- 
densing the  ammonia  evolved  with  the  smoke,  the  industrial  production  from  this  source 
has  hitherto  been  very  limited. 

^"oaJ-^tS!"  '^^  ^  ^®  ^®st  important  source  of  ammonia  production.  By 
the  dry  distillation  of  coals  for  the  purpose  of  gas  manufacture  there  are  formed,  in 
addition  to  permanent  gases,  various  vapours,  some  of  which  on  cooling  yield  tar 
and  ammoniacal  liquor,  consisting  chiefly,  as  before  stated,  of  a  solution  of  sesqui- 
carbonate  of  ammonia,  but  containing  sulphuret  and  cyanide  of  ammonium,  sulpho- 
cyanide  of  ammonium,  and  sal-ammoniac,  and  being  coloured  by  tarry  matter. 

It  is  obvious  that  the  quantity  of  ammonia  contained  in  this  liquor  is  not  always 
constant,  but  depends  upon  several  conditions ;  for  instance,  the  quantity  of  nitrogen 
contained  in  the  gas  coals,  the  hygroscopic  moisture  of  the  coals,  and  the  degree  of 
heat  applied  to  the  retorts.  The  nearer  the  retorts  are  kept  to  a  bright  orange-red 
heat,  and  the  longer  the  distillation  is  continued,  the  larger  the  quantity  of  ammonia 
formed ;  for  at  a  lower  temperature,  of  course  always  above  red  l^eat,  there  may  be 
formed  aniline,  chinoline,  lepidine,  and  cyanogen  compounds.  Taking  the  average 
quantity  of  the  hygroscopic  moisture  of  coals  at  5  per  cent,  and  the  nitrogen  at  an 
average  of  075  per  cent,  icx)  kilos,  of  coal  would  yield,  under  the  most  favourable 
conditions,  0*91  kilo,  of  ammonia.  According  to  Dr.  A.  W.  Hofinann's  report  (1863), 
coal  yields,  when  distilled,  only  one-third  of  its  nitrogen,  two-thirds  being  retained  in 
the  coke ;  but  no  accurate  experiments  have  been  made  on  this  subject.  It  has  been 
practically  ascertained  on  the  large  scale,  that  i  cubic  metre  (=220*096  gallons)  of 
gas-water  yields  at  least  50  kilos,  of  dry  sulphate  of  ammonia.  The  ammonia  of  the 
gas- water  may  be  utilised  in  various  ways.  Where  fuel  is  cheap,  and  crude  sulphate 
of  ammonia  or  crude  sal-ammoniac  a  marketable  article,  the  gas-water  maybe  at  once 
neutralised  by  an  acid,  and  the  liquid  thus  obtained  evaporated.  This  is  done  in  a 
sal-ammoniac  factory  at  Liverpool,  where,  during  the  colder  season  of  the  year, 
300  cwts.  weekly  of  this  salt  are  prepcured.  Generally,  however,  the  gas-water 
is  submitted  to  a  process  of  distillation,  and  the  ammonia  evolved  converted  into  sul- 
phate, as  in  Mallet's  apparatus,  or  into  sal-ammoniac,  as  in  Hose's  apparatus. 

MAQofi  Aroaimtoa.  This  apparatus,  in  use  in  many  of  the  large  gas-works,  is  shown  in 
vertical  section  in  Fig.  iii.  The  plan  of  action  is  to  force  steam  into  large  vessels 
filled  with  gas-water,  the  effect  being  the  volatilisajtion  of  the  carbonate  of  ammonia. 
Sometimes  lime  is  added.  The  volatilised  ammonia — of  course  if  lime  is  added 
caustic  ammonia  is  evolved — ^is  next  conveyed  into  an  acid  liquor,  and  thus 
converted  into  sulphate  of  ammonia.  The  apparatus  consists  of  two  cylindrical 
boiler-plate  vessels,  a  and  b.  a  is  heated  directly  by  the  fire,  and  is  provided  with  a 
leaden  tube,  e,  dipping  into  the  liquid  contained  in  b,  this  vessel  being  placed 
to  catch  the  waste  heat  from  the  fire,  b  and  e  are  man-holes ;  a  and  a'  stirrers.  By 
means  of  the  tube  d  the  fluid  from  b  can  be  run  off  into  a.    Gas-water  is  poured 
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into  both  Tcsaela  &nd  lime  added ;  anunoiiis  is  Bet  free,  irhile  carbonate  of  lime  and 
snlphoret  of  calcium  ore  fbnned,  and  of  course  remain  in  the  vessels  after  the  toU- 
tUlBation  of  the  ammonia.  The  vessel  d  is  also  filled  with  ammoniaoal  water,  and 
when  the  operaUon  is  in  pTogress  this  water,  already  warmed,  ia  run  bj  the  aid  of 
the  tube  A  from  n  into  b  e  is  a  gaa  water  tank,  from  which  d  is  filled  by  means  of  g. 
The  ammonia  set  free  in  a  is    with  the  ateam,  eonvefad  bj  the  pipe  0  into  b, 


thence  throngh  c'.  into  the  wash-vessel,  c,  and  thence  again  tbroogh  c",  into  the  fint 
condenser,  t>.  The  partiallj'  condensed  vapoor  now  passes  into  the  coudenaiog 
Tessel,  t,  the  worm  of  which  is  snrronnded  by  cold  water.  The  dilute  ammonia  ia 
collected  in  o,  and  forced  hj  means  of  the  pomp  n  into  c,  whence  it  is  occasionally 
ayphoued  into  either  a  or  b.  The  ntm-condeneed  ammoniaoal  gas  is  carried  from  o, 
through  a  series  of  Wonlfe's  botUes,  tho  first  bottle,  n,  oontaining  olira  oil  for  tha 
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pnrpose  of  absorHng  any  hydrocarbons  mixed  with  the  gas;  the  botUe  i  contains 
caustic  aoda  ley,  in  order  to  purify  the  ammonia  and  retain  impnritieB ;  the  bottle  k 
is  half-filled  with  distilled  water.  The  ammoniacol  gas  having  passed  through  r, 
is  conveyed  to  the  large  lead-lined  wooden  tank,  l,  filled  with  dilute  sulphuric  acid  if 
it  IB  intended  to  prepare  sulphate  of  Bjunonia,  or  with  water  for  making  liquid 
ammonia.  The  vessel  i.  is  placed  in  a  tank  of  water ;  t  is  a  amall  pipe  for  introdu- 
cing acid ;  while  the  tube  leading  to  u  aerves  to  cany  off  any  nnabsorbed  ammonia, 
M  being  also  filled  nith  acid. 

>»•'•  ippuuu.  In  the  manufaoture  of  liquid  ammonia  the  apparatua  deriBed  by  Mr. 
Bose,  and  shown  in  Fig.  112,  may  be  advantageooaly  employed.    It  oonsirta  o(: — a,  a 

""- """    B  warmed  by  the  aid  of  the  tubes, 

ia  gaa  evolved  in  1  pass  to  the 
E  and  w  being  formed  by  the  gas- 
i  by  means  of  the  tubes,  t  and  m. 


boiler ;.  b  and  c,  two  tessels  in  vhiah  tbe 

e  and  /,  through  which  and 

abBorption  vessels,  d,  k,  and  f,  tbe  connection  between 

Alters,  a  and  h.   The  anunoniacal  water  can  be  ran  intt 


eaeh  of  which  ib  fitted  with  a  tap  rr  Etnpotok  a  is  filled  two-thirds  with  gas  water  and 
one-third  with  slaked  lime.  The  cjlmdncol  sheet-iron  gss-filtere.  o  and  a,  are  filled  with 
freshly  burnt  charcoal  to  retain  any  empyreumatical  matter  which  might  be  carried  over 
by  tbe  gas.  The  absorption  vessel,  i>,  is  filled  with  hydrochloric  acid,  while  pure  water 
is  poured  into  e  and  f.  When  a  ia  GDed,  and  the  rest  of  the  apparatus  put  in  working 
order,  the  fire  is  kindled,  the  ammoniaeal  gas  evolved  in  a  passes  with  the  steam  to  b  and 
c,  where  a  portion  o(  the  steani  is  condensed  aod  retained  as  water  in  e  and  /.  Into  the 
boiler,  a,  is  fitted  a  tube,  &,containing  a  tbermonteter,  surrounded  by  brass  fittings  for  tlie 
better  conduction  of  the  heat ;  when  this  thennomFter  indicates  92°  to  94°,  the  tap  h  is 
opened,  and  the  tap,  i,  open  up  to  this  time,  shut  in  order  to  cause  the  gas  to  pass  into  the 
hydrochloric  acid  contained  in  n,  nntil  the  vessels  a  and  n  have  been  filled  with  fresh 
charcoal,  an  operation  which  is  required  at  the  beginning  of  the  working  as  well  as  when 
the  temperature  in  1  has  riseo  to  96°,  gS°,  and  ioo°.  This  having  been  done,  the  tap  h  is 
again  opened.  ^Mieu  the  temperature  has  reached  103°,  taking  the  boiling-pomt  of 
the  hqnid  at  100",  all  the  aminonia  is  expelled,  and  tbe  Uquid  is  then  mn  oH  by  opening 
the  stopcock,  n.  Fresb  lime  having  been  put  into  the  boiler,  the  operation  ia  repeated. 
When  the  temperature  in  a  reaches  io]°,  the  liquid  in  a  becomes  heated  to  90°,  and  that 
in  cto  from  25°  to  30°.  The  vessel  Fcontains  from  120  to  150  htres  of  water,  which  ia  con- 
verted into  liquid  ammonia  of  a  sp.  er.^o'gio  to  o'gio.    c  and  11  are  glass  safety  tubes. 

Lnnii'i  Appuiini.  This  apparatus,  also  intended  for  the  utilisation  of  gas-water,  is  shown 
in  Fig.  113 ;  a  is  the  boiler  ;  h  the  gas  tube  connected  with  tbe  worm,  c,  which  is  placed  in 
a  tank,  d,  filled  with  gas  liquor,  run  into  a  by  meana  of  the  tube  e.    The  tube/  is  so  fitted 


to  a  M  to  admit  of  disohug^  the  waste  liqnor  readily,  b  repreBenta  a  Btirm  fitted  to 
tho  boiler  by  a  BtufSng  box,  and  being  intended  to  rake  Dp  the  lime  imd  prevent  it  getting 
«»ked  to  the  bottom  of  a ;  hj,  a  tobe  intended  for  runiuDg  gaB-liqaor  into  d,  tiara  a  tank 
placed  at  a  higher  level;   i,  %  tabe  provided  with  a  tap  and  fitted  to  the  ootbt  ot  d, 


to  oonvcy  any  goi  or  Taponre  from  d  into  tba  worm,  k  represents  a  wash  vesael.  mnxe- 
times  filled  einiply  with  water,  at  othere  with  milk  of  lime.  The  gas  and  vapoura  haviog 
passed  tlirouRh  *,  are  convoyed  to  the  absorption  vesBol,  I.  The  tnba,  m,  through  whioh 
the  gas  paBHeH,i9  tannel-shaped,  and  opposite  to  the  icoath  ot  the  Iiuutel.at  the  bottom  of 
the  tank,  a  thick  diso  of  lead  is  fiied,  beoanso  at  this  spot  the  aotion  of  the  gas  wonid  soon 
wear  away  the  leaden  lining  of  the  vessel,  o  is  a  amaUer  wooden  tank,  also  lead-lined, 
into  which  sulphuric  acid  is  ponred,  and  whenoe  it  nms  into  I  through  the  stoneware 
syphon,  p.  An;  vapoDTB  given  off  are  oanght  by  the  hood,  r,  and  thenee  conveyed  bj  a 
tnbe  into  the  chimney.  The  saline  matter  deposited  in  I  ia  removed  by  a  leaden  {«il,  as 
shown  in  the  oat ;  when  this  pd  ia  filled  it  is  drawn  up  by  means  of  the  ohun  and 
pulley  aided  by  the  oonnter  weighW  (.    The  salt  [sulphate  of  ammonia)  is  plaoed  in  the 
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basket,  tt,  bom  vbieh  the  motber-Iiqnor  adlmiiij  to  the  Mlt  drains  •gain  into  the  tani,  t. 
EfaporaUoa  is  therefore  DnueoeBsar]'  with  this  appoiatm. 

Amenta  frn  Luk  Q.  Luit,  or  Stale  uiine,  is  a  verj  important  source  of  ammoiuB. 
Whenever  nitrogenona  organic  bodies  ore  decaying,  ammonia  is  alwsjs  formed; 
when  the  organic  substance  is  a  proteine  compoond,  there  is  farmed  carbomite  of 
Ammonia  as  well  as  eulphoret  of  ammonium  ;  bnt  when  the  organic  substance  con- 
tains no  snlphoT,  onlj  carbonate  of  ammonia  is  formed,  as  is  the  case  with  the  orea. 
CHfNiO,  contuned  in  urine,  the  urea  by  taking  np  the  elements  of  the  water  being 
eonverted  into  carbonate  of  ammonia.  Lant  is  ^«qnently  employed  without  further 
preparation  for  various  purposes,  on  account  of  the  carbonate  of  wnmonia  it 
eontains,  as,  for  instance,  in  washing  wool  and  remoring  the  fat  from  flannel 
and  other  woollen  fiibrics. 

The  apparatus  exhibited  in  Fig.  114,  contrived  byFigneTa,  and  nntillat^in  operation 
at  a  large  eBtabliahment  for  the  ntiliaation  of  the  contents  of  the  latrines  and  doacn  of 
Paris,  oondetB  of  a  eteam-boiler,  w,  the  steam  generated  in  which  is  oonT^iad  to  two  large 
iron  cjlindera  filled  with  lant.  The  carbonate  of  unmonia  expelled  is,  with  the  steam, 
a  leaden  wonu ;  the  oooled  liqnid  is  ooDveyed  to  a  tank  filled  with  add,  and 


tboB  oouTorted  into  carbonate  of  ammonia.  The  arrangement  of  the  apparatus  is  as 
Ibllows: — The  wooden  Tessel,  a,  contMns  some  350  hmtolitres  of  lant,  and  is  filled 
b7  means  of  the  tobe  b.  0  and  c'  are  two  ojlindrical  sheet-iron  vessels  of  loa  heotolitres 
oapooity ;  r  and  r'  are  aimjlsr  TeeseU,  the  use  of  which  will  be  preeently  explained.  At 
the  oommencement  ol  the  operation  the  boiler,  w,  is  filled  with  about  130  hectolitres  of 
exhausted  lant,  taken  from  the  vessels  c  and  0'.  The  lant  in  a,  warm  in  oonaeqnenoe  of 
havisg  served  (or  condensation,  is  oonv^ed  to  c  b;  a  tnbe,  and  tbenoe  by  the  tabe  ft"  to 
<f,  cold  lant  being  ponred  into  k.  The  boiler,  «,  is  fitted  with  three  tnbee,  viz.,  t, 
the  steam  pipe,  nt,  a  safety  tnbe,  bronght  to  within  a  few  oendmetres  from  the  bottom  of 
the  boiler,  and  carried  above  the  roof  of  the  shed,  and  n  a  smaller  safety  tnbe ;  v  is  a  tnbe 
fitted  with  a  stopoook.  The  steam  evolved  in  w  is  oarried  bv  t  into  c',  evolving  from  the 
liquid  therein  the  carbonate  of  ammonia  it  holds  in  solntion.  The  carbonate,  with  the  steam 
passes  throogh  t  into  the  vessel,  r,  which  serves  to  retun  any  liqnid  earned  over  from  o". 
The  carbonate  of  ammonia  vaponr  now  passes  from  r  thiongh  the  tube  t'  to  0.  and 
taking  np  in  that  vessel  more  carbonate  of  ammonia,  is  conveyed  tbrongh  the  tube  t'  into 
F'  (whion  again  serves  the  purpose  of  r) ,  and  thence  through  t"  into  the  leaden  worm  of 
the  condensing  apparatus.  The  condensed  liquor,  a  more  or  less  concentrated  solntion  of 
carbonate  of  ammonia,  is  run  through  t"  into  s,  •  wooden  vessel,  lead  lined,  and  filled 
with  a  sufficient  quantity  of  sulphnric  acid  to  saturate  the  earbonate  of  ammonia.  The 
whole  operation  lasts  about  twelve  hours ;  after  this  time  the  waste  liqnid  in  the  boiler  is 
n  off  by  opening  the  stopcock,  v,  and  the  operation  aAin  repeated.  On  an  average  the 
'  ~     '  r  Paris,  yiuds  per  coma  metre  from  g  to  11  kilos,  of 


mn  off  by  opening  the  stopcock. 
l«nt  operatea  upon  at  Bondy,  n< 
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mlpbkta  of  tTrnnftnU,  and  at  «m1i  operation  lou  Uloi.  of  that  aalt  mre  obtainad  by  th9 
vorking  of  one  of  tba  apparatna  jnst  described.  It  ia  stated  that,  bom  the  Soo.ooo 
onbio  metres  of  nrine  yearly  nm  «a«te  in  Pajis  alone,  there  coold  be  obtained,  by 
proper  treatnieot,  7  to  800,000  kiloa.  of  solphate  of  umnoiua. 

uuonb  Inn  Bona.  lo.  By  the  deatmotiTe  distillaticHi  of  ajiiinal  anbotancei,  such  as 
bonea,  hoofs  of  horses,  refuse  horn,  skiiiB,  hides,  decayed  meat,  &c.,  there  ie  obtained 
ft  series  of  products,  among  which  carbonate  of  ammonia  prevails,  with  cyanogoM 
compounds,  anlphnxet  of  ammoninm,  and  tarry  matter— «  very  complex  liquid  con- 
taining pyrrol,  bases  of  the  etbjlamin  series,  pyridin.GjHjN,  picolin,  C6H7N,  lutidin, 
C^HgN.  and  collidin,  CgHnN.  The  organic  matter  of  thrae  substances  contains 
from  iz  to  18  per  cent  nitrogen;  the  organic  matter  of  bones  contains  18  per  cent  of 
nitrogen,  and,  as  the  orgaoic  matter  amounts  to  akont  one-third  of  ths  weight  ef  the 
tiones,  these  contain  abont  6  per  cent  of  nitrogen.  Bufiala  horn  contains  17,  waste 
woollen  fcbrica  10,  and  old  leather  67  per  cent  of  nitrogen. 

It  is  evident  that  the  quantity  of  ammonia  in  the  products  of  the  dry  distillatioit 
cf  animal  substances  depends  upon  the  kind  and  condition  of  these  materials,  and 
upon  the  temperature  at  which  the  operation  takes  place.  The  carbonate  of 
ammonia  ia  obtained  in  the  condensers  as  a  solid  saline  mass,  the  crade  tal  eomu 
cervi,  or  in  aqueons  solntiOD  (so  called  tpiritm  cornu  eervi),  floating  on  Hie  surface  of 
the  tar.  At  the  present  time  the  manufacture  of  ammonia  sad  its  bbIUi  from  die  pro- 
ducts of  the  dry  distillation  of  animal  Bubatances  is  a  matter  of  but  limited  indus- 
trial importance,  owing  to  the  extended  coal-gas  manofiictare.  Indeed,  dry  distilla- 
tion ia  now  only  carried  on  for  the  purpose  of  obtaining  animal  charcoal,  and  the  occur- 
rence of  anunoniacal  products  is  rather  considered  as  a  neceasary  but  unavoidable 
eviL  A  large  quantity  of  animal  matter  ia  used  for  the  manufacture  of  phosphonu 
and  of  pnisuates,  and  in  these  operations  the  manufiftcture  of  ammoniacal  salts, 
is  either  altogetiier  out  of  the  question  or  effected  only  on  a  limited  scale. 

The  apparatus  used  for  the  destmotive  distillation  of  animal  matter  is  in  some  respeeti 
rimilar  to  a  ooal-gas  oven.  Fig.  i  iseihibits  the  oonBtrnetion  in  general  use  for  what  is 
termed  animal  ohsrooal  bnminj.    The  retorts  intended  to  contain  the  bones  are  set  In. 
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furnaces  and  fitted  at  the  end  farthest  from  lh«  month  with  tubes,  e  e,  oommunicatiDS 
with  leaden  chambers,  b,  o,  &.  In  these  ohambers  the  vapours  are  condensed,  forming 
»  solid  saline  mass,  wbiob  is  purified  by  sublimation  in  the  iron  vesseli,  n  n,  fitted  with 
leaden  covers.  If,  instead  of  bones,  other  animal  matters,  for  inttancs,  horn,  woollnt 
n«i,  hair,  and  leather-cttttiiigf ,  are  operated  upon,  the  result  ii  that,  instead  of  solid. 
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eubonate  of  fknunonia,  ut  anunoaiaaal  fluid  ot  13°  to  15°  B.  is  obtained,  wbieb  maj  bs 
tttiUaed  in  vuioai  ways.  Wliere  the  mothor-liqaora  of  aalt-works  are  readily  obtainable, 
they  mn;,  eepeciolly  if  rich  in  ohloridc  of  magneBinm,  be  employed  for  the  preparation  of 
■al.anunoniaa  by  neing  the  hartshorn -spirit  (orude  carbonate  of  auunouia  solatioD)  for  ths 
precdpitatiou  of  the  chloride  of  magueuimi  Bolntion. 
iniMiiiDia  u  ■  Br-PiDdsa      WbeD  the  beeC-root  juice  is  bailed,  unmonift  is  evolved  in 

of  BMt-BdOt  SuflU  ''  ' 

HuDfuui*.  large  qnantitieB,  and  may  bo   utilised  in   the  preparation   of 

sulphate  of  ammonia.  The  ammonia  yielded  hy  the  juice  ia  the  product  of  the 
decomposltioQ  of  the  ftspartic  acid  and  betain  present  in  the  loola.  According  to 
Ben&rd,  a  beet-root  sugar  manufactory  which  yearly  conHumee  zoo.ooo  cwta.  of  boots 
might  thus  obtain  S87  cwts,  of  sulphate  of  ammonia. 

'SSSSLijiEiS:"'  Sal-ammoniac,  chloride  of  ammonium,  NH4CI,  consiato  in  100 
parts  of— 

Ammonia,  3i'83  Ammonium,  3375 

Hydrochloric  acid,  6&zs  Chlorine,       6625 

From  the  thirteenth  to  the  middle  of  the  eighteenth  centorj  this  salt  was  imported 
into  Europe  exclusively  from  Egypt,  where  it  waa  obtained  by  the  combustion  of 
camel's  dung.  The  camel  feeds  almost  exclusively  upon  plants  containing  salts,  and 
the  sal-ammoniac  is  sometimes  found  ready  formed  in  the  animal's  stomach.  The 
sal-ammoniac  having  sublimed  with  the  soot  from  the  combustion  of  the  dung,  was 
collected  and  refioed  by  a  second  sublimation. 

In  localities  where  dung  is  used  as  fuel,  it  has  been  tried  to  obtain  sal-ammoniac 
by  combustion  with  common  salt.  The  first  sal-ammoniac  manufactory  in  Germany 
was  established  by  Gravenhorst  Brothers,  at  Brunswick,  in  1759.  We  have  already 
seen  how  crude  sal-ammoniac  may  be  prepared  from  gas-water  or  by  other  means. 

The  salt,  no  matter  whence  derived,  is  purified  by  sublimation  in  cast-iron  caul- 
dons,  w,  Fig.  116,  lined  with  fire-clay.    As  soon  as  the  crude  sal-ammoniac  is  put  into 


Fio. 


these  vessels  and  tightly  rammed,  heat  is  applied,  at  first  gently,  so  as  to  drive  off 
any  moisture.  This  efi'ected  iron  lids,  r,  o,  h,  are  Inted  to  the  cauldrons;  the  lids 
can  be  readily  moved  by  means  of  the  pulleys  and  cbajns  provided  with  counter- 
weights, B,  0,  D.  Instead  of  iron  covers  lead  hoods  sometimes  are  employed,  the 
opening  of  which  is  temporarily  closed  with  an  iron  disc  The  hoods  or  covers  are 
always  secorely  fastened  to  the  cauldrons,  to  prevent  them  being  forced  ofif  by  the 
pressure  of  tlie  vapours  The  temperature  has  to  be  regulated  during  the  process 
with  great  nice^,  for  too  low  a  degree  of  heat  yields  a  loose  salt,  and  with  too  high 
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a  degree  of  beat  the  organic  matter  present  in  the  crude  Bal-ammoiiiac  is  liable  to 
give  off  empfrenmatio  matter,  Bpoiling  the  appearance  of  the  Bublimed  aalt  and 
interfering  wiOi  its  good  quaUty,  Experience  has  proved  that  it  is  expedient  to 
have  the  sublimation  vessels  of  rather  large  size,  2i  to  3  metres  interior  diameter. 
When  the  sablimed  aal-ammouiac  cake  has  attained  a  thickness  of  fi  to  12  centims. 
the  operation  is  diacontinuad  and  the  cake  removed.  The  furnace  is  provided  with 
an  oven  for  drying  the  sal-ammoniac,  this  oven  being  shut  with  a  door,  e,  movable 
bj  means  of  a  chain  running  over  a  pulley,  and  aided  bj  a  counterpoise.  At  the 
present  day  sal-ammoniao  is  often  sublimed  in  earthenware  vessels  01  large  glass 
flasks,  the  cmde  salt  being  first  mixed  with  20  to  30  per  cent  of  its  weight  of 
powdered  animal  charcoal,  then  dried  over  a  good  fire,  and  next  put  into  the  stone- 
ware sublimation  vesseb,  b  and  M,  Fig.  ii7,placedin  two  rows  over  the  fiie-plaoe, a. 


Each  of  these  vessels  is  50  centims.  in  height ;  the  openings  are  aurronnded  bj  an 
iron  plate  properly  fitted  to  the  neck  and  provided  with  a  Sange  upon  which  rest  the 
eartJienware  vessels  wliorein  the  sablimed  sal-ammomae  is  condensed.  When  glass 
flasks  arc  used,  the  height  of  these  vessels  is  60  centims.  by  30  centims.  diameter. 
Sixteen  of  these  flasks,  each  charged  with  g  kilos,  of  the  mixture  of  aal- ammoniac  and 
charcoal,  are  placed  upon  a  furnace  in  cast-iron  pots,  which  are  filled  with  sand. 
The  cover  is  in  this  case  a  leaden  plat«.  The  sublimation  is  carefully  conducted, 
and  goes  on  slowly,  lasting  about  12  to  16  hoars.  After  this  time,  the  leaden  plates 
are  removed,  bungs  or  plugs  of  cotton-wool  inserted,  and  the  flasks  allowed  to  cool 
very  gradually,  for  as  the  salt  expands  on  cooling  the  glass  vesseb  may  be  broken. 
The  cake  of  sal-ammoniac  when  quite  cool  is  scraped  clean  with  a  knife,  and  after- 
wards presents  a  perfectly  ciystalline  appearance.  When  it  is  desired  to  obtain  the 
salt  free  from  iron,  the  crude  salt  should  be  mixed,  before  the  sublimation,  with 
about  5  per  cent  of  superphosphate  of  lime,  or  with  3  per  cent  of  phosphate  of 
ammonia;  by  this  addition  any  chloride  of  iron  is  decomposed  and  left  in  the  retort 
as  phosphate.  The  sal-ammouiacof  commerce  is  met  with  either  in  crystalline  state 
or  as  a  compact  flbrona  aubllmed  material;  in  the  latter  case  the  cakes  or  discs  have 
a  meniscus  shape,  weigh  abroad  from  5  to  io,%nt  in  England  usually  about  50  kilos., 
and  exhibit  the  appearance  of  having  been  formed  in  layers-  Crystalline  sal- 
ammoniac  is  obtained  by  adding  topreviouslyre-cystaltised  sal-ammoniac  aboiling  hot 
and  saturated  solution  of  the  same  salt,  so  as  to  form  a  thiokish  magma,  which  is 
next  placed  in  moulds  similar  in  shape  to  those  in  use  for  m airing  loaf-fiugar ;  after 
draining,  the  loaf  of  sal-ammoniac  is  removed,  dried,  and  packed  in  paper  ready  fer 
sale,    liesides  the  use  made  of  aal-ammooioc  in  chemical  laboratories,  by  pharma- 
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ceatists  and  veteiiAary  surgeons,  it  is  industrially  in  demand  for  tinning,  zincing,  and 
soldering,  in  calico-printing  and  dyeing,  in  the  manufacture  of  paints  and  pig- 
ments, in  the  preparation  of  platinum,  snuff,  and  very  largely  in  the  preparation  of  a 
jQBstic — I  part  of  sal-ammoniac.  2  of  sulphur,  and  50  of  iron-filings — ^used  in  joining 
steam-pipes,  the  sockets  and  spigots  of  iron  gas-  and  water-pipes,  &c.  Sal-ammoniac 
is  idso  employed  in  the  preparation  of  pure  ammonia  liquida  and  ammoniacal  salts. 
•ntphttUof  JUuDooi*.      It  has  been  already  mentioned  that  sulphate  of  ammonia — 

(NH4)aS04, 
is  met  with  native  in  small  quantities  in  the  mineral  known  as  mascagnin,  in  larger 
quantities  in  the  boracic  acid  of  Tuscany,  while  it  is  also  found  in  Boussingaultite. 

The  modes  of  preparing  this  salt  from  the  ammoniacal  water  of  gas-works,  lant,  the 
products  of  the  dry  distillation  of  bones,  by  the  aid  of  sulphuric  acid,  or  by  double 
decomposition  by  means  of  gypsum  or  sulphate  of  iron,  have  been  already  given.  The 
concentration  of  the  weak  solution  by  evaporation  yields  the  crystalline  salt,  which, 
iiowever,  when  obtained  from  liquors  containmg  tarry  matters  is  usually  of  a  deep  brown 
colour,  and  has  therefore  to  be  purified  by  being  dissolved  in  hot  water,  filtered  through 
animal  charcoal,  and  then  re-crystallised,  the  best  plan  being  to  evaporate  the  solution 
rapidly,  and  remove  the  salt  gradually  by  means  of  perforated  ladles.  The  salt  is  then 
<lrained  by  being  placed  in  baskets,  and  next  quickly  dried  on  heated  fire-clay  slabs,  in 
which  operation  any  particles  of  tar  are  decomposed.  Sulphite  of  ammonia  obtained  by 
saturating  carbonate  of  ammonia  solution  with  sulphurous  acid  gas  is,  when  exposed  to 
sir,  gradually  converted  into  sulphate.  Sulphate  of  anmionia  is,  industrially  speaking, 
far  the  most  important  of  the  ammonia  salts,  because  besides  being  very  largely  used  in 
artificial  mannre  mixtures,  and  by  itself  for  the  same  purpose,  it  is  extensively  employed 
in  alum  making,  and  is  the  starting-point  of  the  preparation  of  chloride  of  ammonium, 
carbonate  of  ammonia,  liquid  ammonia,  and  other  similar  products. 

cuboBAto  of  Ammoou.      The  Salt  usod  in  pharmacy  and  industry  under  this  name  is  in 

reality  sesquicarbonate  of  ammonia,  and  composed  according  to  the^formula 

(NH4)4C308,  or  2([NHJaC03)+COa. 

It  is  obtained  either  directly  from  the  products  of  the  distillation  of  bones,  or  by 

subliming  a  mixture  of  chalk  and  sal-ammoniac. 

Among  the  products  of  the  dry  distillation  of  bones  is  found  a  solid  sublimate, 
essentially  impure  carbonate  of  ammonia,  purified  by  sublimation.  For  pharmaceutical 
use  carbonate  of  ammonia  is  prepared  by  submitting  a  mixture  of  either  chloride  of 
ammonium  or  sulphate  of  ammonia  with  chalk — 4  parts  of  the  ammonia  salt,  4  of  chalk, 
and  I  of  charcoal  powder — to  a  low  red  heat.  The  product  is  a  perfectly  pure  white  salt ; 
during  the  operation  a  large  quantity  of  ammoniacal  gas  is  evolved,  which  is  either 
absorbed  br  water  or  by  coke  moistened  with  sulphuric  acid.  Kunheim  decomposes  the 
aal-ammoniao  by  subliming  it  with  carbonate  of  baryta,  chloride  of  barium  being  obtained 
as  a  by-product.  When  freshly  prepared,  carbonate  of  anmionia  is  a  transparent 
crystalline  mass,  which,  while  absorbing  water  from  the  atmosphere,  and  evolving 
ammonia,  is  superficially  converted  into  bicarbonate  of  ammonia  (hydrocarbonate  of 

ammonia,     ^  \  GO3).   Owing  to  the  penetrating  odour  emitted  by  this  salt,  it  is  known 

as  smelling  salts.  Impure  carbonate  of  ammonia  is  also  used  for  cleaning  woollen  and 
other  fabrics,  for  the  removal  of  grease  from  cloth,  and  further,  for  the  extraction  of  the 
orchil  pigments.  Pure  carbonate  of  ammonia,  besides  its  use  in  pharmacy,  is  an 
ingredient  of  baking  and  yeast  powders. 

mtnto  of  AmmoniA.  Tliis  Salt,  (NH4)N03,  is  prepared  by  the  double  decomposition 
of  solutions  of  sulphate  of  ammonia  and  nitrate  of  potassa.  The  sulphate  of 
potassa  is  first  separated,  and  the  solution  of  ammonia  nitrate  having  been  con- 
centrated by  evs^oration  is  left  to  crystallise,  its  crystalline  form  being  similar  to 
that  of  saltpetre.  When  dissolved  in  water  this  salt  produces  cold*  and  is  therefore 
used  in  freezing  mixtures ;  while  the  fact  that  when  strongly  heated  it  is  converted 
into  protoxide  of  nitrogen  and  steam  (NsO-f  sHaO)  might  perhaps  render  it  of  use 
in  the  preparation  of  a  blasting  powder. 
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SOAP-MAKINO. 

Botp.  By  soap  we  understand  the  product  of  the  action  of  caustic  alkalies  upon 
neutral  fats,  and  consequently  soap  may  to  all  purposes  be  considered  to  consist 
of  stearate,  palmitate,  and  oleate  of  potassium  or  sodium.  Although  soap  has 
been  manufactured  from  a  very  remote  antiquity,  this  industry  did  not  attain 
its  present  development  upon  scientific  and  rational  principles  until  Chevreul  pub- 
lished the  results  of  his  researches  on  the  fats,  and  before  the  discovery  of  Leblano 
called  the  soda  industry  into  existence. 

Baw  Material*  of  Boap-b<miii«.  The  raw  materials  used  in  soap-boiling,  as  soap  manufac' 
ture  is  usually  termed  in  this  country,  are  of  two  kinds,  viz.,  fatty  substances  and 
solutions  of  caustic  alkalies.  Among  the  more  important  fatty  substances  are 
the  following : — Palm-oil,  of  vegetable  origin,  met  with  in  the  fruit  of  a  palm  tree, 
Avoira  elaia  or  Elais  guianensis ;  according  to  others,  however,  this  oil  is  derived 
from  the  C0CO8  butyracea,  C.  nucifera^  and  Areca  oleracea,  trees  growing  wild,  and 
also  cultivated  in  Guinea  and  Guiana.  The  colour  of  this  oil  is  a  red-yellow,  its 
consistency  that  of  butter,  while  it  possesses  a  strong  but  by  no  means  disagreeable 
odour,  similar  somewhat  to  that  of  orris  root.  When  fresh,  this  oil  melts  at  27^  but 
by  becoming  rancid  as  it  is  termed— that  is,  by  its  decomposition  into  glycerine 
and  free  fatty  acids — its  melting-point  rises  to  31*^  and  even  to  36^.  It  is  chiefly 
composed  of  palmitine  mixed  with  a  small  quantity  of  oleine.  Palmitine,  formerly 
confused  with  margarin,  is  saponified  by  the  alkalies  and  converted  into  palmitate 
of  potassa  or  soda,  while  glycerine  is  set  free : — 

Palmitme  (tripahnitine),  j^^g  ^Qj    |  O3]      [Glycerine,  ^3^5  jOg, 

Hydroxide  of  potassa,  3  KOK 
(caustic  potassa) 

Palmitic  acid  is  very  similar  to,  and  has  often  been  confused  with,  stearic  acid ; 
the  former  is  in  a  pure  state  a  solid  white  crystalline  mass,  which  fuses  at  62°.  Pahn- 
oil  often  contains  one-third  of  its  weight  of  this  acid  in  free  state,  and  the  quantity 
increases  with  the  age  of  the  oil.  The  red -yellow  pigment  of  the  palm-oil  not  being 
destroyed  by  its  saponification,  the  soap  made  from  this  oil  is  of  yellow  colour,  but 
if,  previous  to  saponification,  the  oil  is  submitted  to  a  bleaching  process,  that 
is  to  say,  the  pigment  destroyed  by  chemical  agents,  such  as  the  joint  action 
of  bichromate  of  potassa  and  sulphuric  acid,  the  oil  becomes  nearly  white,  and 
yields,  on  being  saponified,  a  white  soap. 

The  illipe,  or  bassia-oil,  very  similar  to  palm-oil,  is  obtained  by  pressure  from  the 
seeds  of  the  Bassia  latifolia,  a  tree  growing  on  the  slopes  of  the  Himalaya.  At  first 
the  colour  of  this  oil  is  yellow,  but  by  exposure  to  sim-light  it  becomes  white.  Its 
odour  is  not  very  strbng,  but  rather  pleasant.  At  the  ordinary  temperature  of  the  air 
this  oil  has  the  consistency  of  butter ;  its  sp.  gr.  is  =  0958 ;  its  melting-point  27"* 
to  30"*.  It  is  somewhat  soluble  in  alcohol,  readily  in  ether,  and  easily  saponified  by 
potassa  and  soda.  In  its  saponification,  oleic  acid  and  two  solid  acids  with  a  variable 
melting-point  are  formed.  The  galam  butter  produced  by  the  Bassia  hutyraoea^ 
a  tree  met  with  in  the  interior  of  Africa,  is  sometimes  confoimded  with  palm-oil,  to 
which  it  is  very  similar,  but  of  a  deeper  red  colour.  Galam  butter  fuses  at  2xf  to  21**^ 
and  is  in  its  properties  very  much  like  palm-oil.  Carapa  oil  and  vateria  tallow 
belong  to  the  same  class  of  fatty  substances ;  the  first,  the  product  of  the  kernel  of  a 
species  of  Per$oania,  a  palm  tree  met  with  in  Bengal  and  Coromandel,  is  a  bright 


Palmitate  of  potassa,  3|^^^^3'^lo. 
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yellow  coloured  material,  which  at  18°  separates  into  an  oil  and  a  solid  fat;  known- 
as  pine-tallow,  Malabar  tallow,  and  obtained  from  the  fruits  of  the  Valeria  indlca, 
is  a  white-yellow  waxlike-tallow,  melting  at  35**.    Mafurra  tallow  is  obtained  by 
boiling  in  water  the  seeds  or  kernels  of  the  maftirra  tree  found  at  Mozambique ; 
this  seed,  very  rarely  seen  in  Europe,  is  of  the  size  of  small  cacao  beans.    Mafurra 
seed  also  occurs  in  the  Islands  of  Madagascar  and  Isle  de  Reunion.  The  fat  obtained 
from  this  seed  has  a  yellow  colour,  the  smell  of  cacao  butter,  and  melts  more  readily 
than  taUow.    The  fat  of  the  seeds  of  the  Brindonia  indica,  employed  at  Goa,  instead 
of  butter,  also  for  medicinal  purposes,  and  for  use  in  lamps,  is  nearly  white ;  melts 
at  40°,  and  is  insoluble  in  cold,  but  somewhat  soluble  in  boiling  alcohol.    Cocoa-nut 
oil,  obtained  from  the  kernels  of  the  cocoa-nut  (Cocos  nudfera,  C»  hutyra<^a)^  is 
largely  used  in  the  tropics,  where  the  tree  aboimds.     This  oil  is  imported  into 
Europe,  and  is  also  obtained  here  by  pressing  and  by  treating  the  kernels  of 
the  imported  nuts  with  sulphide  of  carbon.     It  is  white,  has  the  consistency  of 
lard,  but  possesses  a  disagreeable  odour  and  a  somewhat  foliated  texture ;    its 
melting-point  is  22°.    Chemically  considered  this  fat  consists  of  a  peculiar  substance 
termed  cocinin,  with  small  quantities  of  oleine  ;  by  saponification  the  former  jdelds 
glycerine  and  cocinic  acid   (cocoa-stearic  acid),  C13H26O2.    W.  Wicke  obtained 
in  i860,  6i'57  per  cent  of  fat  from  the  kernels.    During  the  last  twenty  years  cocoa- 
nut  oil  has  been  largely  used  for  soap-boiling,  because  it  is  an  excellent  material  for 
the  preparation  of  so-caUed  fulling  soaps.    Tallow  is  obtained  by  melting  the  fatty 
matter  deposited  in  the  cellular  tissue  of  the  abdominal  cavity  of  cattle  and  sheep. 
The  hardness  of  the  tallow  depends  partly  upon  the  animals  from  which  it  is 
derived,  partly  upon  the  food  they  eat ;  if  the  food  be  fodder,  the  hardest  tallow  is 
produced,  while  if  it  consists  of  the  refuse  from  breweries  and  distilleries  the  tallow 
is  soft.    Russian  tallow  owes  its  hardness  to  the  fact  that  the  catde  in  that  coimtry 
are  for  fully  eight  months  in  the  year  kept  on  dry  fodder.    Generally  tallow  melts  at 
37**,  and  contains  75  per  cent  of  its  weight  of  solid  fatty  matter,  stearin  (tristearin) 
and  palmitin  (tripalmitin),  the  remainder  being  olein.    If  previous  to  being  melted — 
that  is,  separated  by  the  application  of  heat  from  the  cellular  tissue  and  membranes 
in  which  it  is  enclosed — tallow  is  preserved  for  too  long  a  time,  it  obtains  a 
bad  odour,  removed  with  difficulty.    The  operation  known  as  tallow-melting  can 
be  performed  in  two  ways,  either  by  simply  applying   heat,  which  causes  the 
cellular  tissue  to  shrink  and  become  dry,  the  fat  being  expelled ;  or  the  membranes 
and  cellular  tissue  ere  destroyed  by   chemical  agents,  viz.,  the   use   of  either 
sulphuric  or  nitric  acid,  or  caustic  ley.      Among  these  metliods,  that  of  D'Arcet,  in 
which  sulphuric  acid  is  used,  and  the  operation  carried  on  in  closed  vessels,  is  one  of 
the  best;    the  sulphuric  acid  decomposes  the  vapours  which  are  given  ofif  and 
destroys  their  fcetidity,  while  more  tallow  and  of  a  better  quality  is  obtained.    The 
vapours  are  carried  either  into  the  furnace  or  into  condensing  apparatus.     D'Arcet 
recommends  that  to  100  parts  of  cut-up  tallow,  i  part  of  sulphuric  acid  and  50 
parts  of  water  should  be  used.    While  the  loss  by  the  ordinary  method  of  tallow- 
melting  amoimts  to  15  per  cent,  it  is  only  5  to  8  per  cent  when  this  method  is 
employed. 

Lard,  owing  to  its  high  price,  is  rarely  used  in  Europe  for  making  soap,  but 
is  largely  employed  in  the  United  States,  where,  especially  at  Cincinnati,  enormous 
quantities  of  lard  are  converted  into  a  solid  fat  (42  to  44  per  cent),  and  into  a  fluid  oil 
(lard  oil,  56  to  58  per  cent). 
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Olive-oil  is  obtained  from  the  fruit  of  the  olive  tree,  Olea  Earopea,  belonging 
to  the  natural  order  of  the  Jasminea:,  and  largely  cultivated  in  the  whole  of  Southern 
Europe  and  the  coastlands  of  North  Africa. 

In  order  to  obtain  an  oil  of  good  quality  it  is  essential  that  the  olives  should 
be  gathered  when  they  are  fully  ripe,  which  happens  in  the  months  of  November  and 
December.  Unripe  olives  yield  an  oil  having  a  harsh  bitter  taste,  while,  again,  over- 
ripe fruit  yields  a  thick  oil,  readily  becoming  rancid.  The  method  of  oil  extraction 
from  olives  as  carried  on  in  Southern  France  is  tlic  following : — The  ripe  olives  are 
first  reduced  to  pulp  in  a  mill ;  this  pulp  is  put  into  sacks  made  of  strong  canvas, 
or,  better,  of  horsehair,  and  submitted  to  pressure.-  The  first  portion  of  oil  thus 
obtained  is  the  best  and  is  known  as  virgin  oil,  or  huiU  vierge.  In  order  to  eliminate 
all  the  oil  as  much  as  possible,  the  cake,  after  the  first  pressing,  is  treated  with 
boiling  water  and  again  pressed.  The  oil  thus  obtained  possesses  a  fiue  yellow 
colour,  but  is  more  liable  to  become  rancid  than  the  virgin  oil.  Notwithstanding  the 
second  pressure  the  cake  retains  enough  oil  to  make  it  worth  while  to  submit  it  to 
further  operation.  Some  kinds  of  olive-oil  obtained  by  the  second  pressing  are 
employed,  under  the  name  of  Gallipoli  oil,  in  dyeing  Turkey-red.  This  oil  has  an 
acid  reaction,  consequent  upon  its  containing  free  fatty  acids,  is  turbid,  rancid,  and 
possessed  of  the  property  of  forming  with  carbonates  of  alkalies  a  kind  of  emulsion, 
which  in  dyeing  is  known  as  the  white  bath.  The  olive-oil  used  for  the  purpose  of 
greasing  wool  in  spinning  is  known  as  lampant-oil.  Under  the  name  of  Huile  denfer  is 
understood  the  olive  -oil  deposited  in  the  tanks,  where  the  water  used  for  adding  to 
the  olives  about  to  be  pressed  is  kept;  it  is  used  in  the  manufacture  of  soap. 
During  the  last  few  years  it  has  become  the  custom  to  exhaust  the  olives  with 
sulphide  of  carbon  instead  of  pressing  them. 

Fish-oil,  seal-oil,  obtained  from  the  thick  skin  of  several  varieties  of  mammalia 
inhabiting  the  seas,  especially  of  tlie  colder  regions  of  the  globe,  and  belonging  to  the 
cetacea  and  phocena,  varies  somewhat  in  its  properties,  according  to  the  mode 
of  preparation  and  the  animal  from  wliich  it  has  been  derived.  The  sp.  gr.  of  this  oil 
is  0927  at  20° ;  when  cooled  to  0°  it  deposits  solid  fat ;  it  is  readily  soluble  in 
alcohol,  and  consists  of  oleine,  stearine,  and  small  quantities  of  the  glycerides 
of  valerianic  and  similar  fatty  acids.  Fish-oil,  besides  being  an  important  material 
in  soap -making,  is  also  used  in  tanning,  tawing,  and  leather-dressing  operations. 
Hemp-oil,  obtained  from  the  hemp-seed  (CannabU  «a^u'a),  containing  about  25  per 
cent  of  oil.  is  chiefly  used  for  making  black,  green,  or  soft  soap.  When  fresh 
pressed,  hemp- oil  possesses  a  bright  green  colour,  which  in  time  becomes  a  brown- 
yellow.  Linseed-oil,  like  the  former  a  so-called  drying  oil,  is  obtained  from  the  well- 
known  linseed  (Linum  usitatissimum)  containing  about  22  per  cent  of  this  oil, 
the  sp.  gr.  of  which  is  at  12  =0*9395.  This  oil  consists  chiefly  of  a  peculiar 
glyceride  wliich  on  being  saponified  yields  a  fatty  acid  different  from  oleic  acid ; 
moreover,  linseed-oil  contains  some  palmitin.  Castor-oil,  from  liicinus  communis, 
behaves  when  saponified  very  much  like  cocoa-nut-oil.  As  yet,  however,  this  oil  is 
not  used  in  soap-making.  Bapeseed-oil,  as  it  occurs  naturally,  does  not  yield  so 
good  a  soap  when  saponified  as  when  the  oil  is  first  converted  into  rapselaidin, 
which,  according  to  A.  Miiller,  is  done  in  the  following  manner : — To  i  cwt.  of  the  oil 
is  added  i  lb.  of  nitric  acid  diluted  with  li  to  2  lbs.  of  water ;  next  some  iron  nails 
are  added,  and  the  acid  fluid  is  well  stirred  through  the  oil  with  a  wooden  spatula. 
By  the  action  of  the  nitrous  acid  set  free,  the  oil  is  gradually  converted  into  a  yellow 
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fatty  mass,  which  after  having  been  left  standing  for  some  weeks  in  order  to  solidify, 
may  be  directly  saponified  with  soda.  The  oleic  acid  largely  obtained  in  the  manu- 
facture of  stearine  candles  is  a  very  important  material  in  soap-making.  This  acid 
is  a  solution  of  impure  stearic  and  palmitic  acids  in  oleic  acid. 

Colophonium,  the  residue  of  the  distillation  of  oil  of  turpentine,  a  yellow  or 
black-brown  coloured  material,  is  largely  imported  from  the  United  States  for  the 
purpose  of  preparing  resin  soaps,  for  sizing  paper,  and  for  the  preparation  of  yellow 
soaps,  wliich  are  resin  and  tallow  saponified  together  in  certain  proportions. 

L«y.  The  other  important  material  required  for  soap-making  is  the  ley ;  that  is  to 
say,  an  aqueous  solution  of  caustic  potassa  or  caustic  soda.  Ley  is  not  so  much  a 
constituent  of  soap  as  the  material  by  which  the  chemical  process  termed  saponi- 
fication is  brought  about.  Usually  the  soap-boiler  prepares  the  caustic  ley,  and 
formerly  wood- ash  or  potash  was  used  for  this  purpose,  but  at  present  soda  is  more 
extensively  employed.  The  conversion  of  the  alkaline  carbonates  into  caustic 
alkalies  is  effected  by  means  of  quick-lime ;  but  abroad  chemical  manufacturers 
produce  caustic  soda,  and  sell  it  to  the  soap-boilers  under  the  name  of  soap-stone. 

The  preparation  of  soap-boilerB'  ley  from  wood-ash  is  carried  on  in  the  following 
manner: — The  sifted  ash  is  placed  on  a  paved  floor,  and  moistened  with  enough  water  to 
render  it  somewhat  pasty.  This  paste  is  then  formed  into  heaps,  constructed  with  an  in- 
dentation, into  which  the  canstic  lime  in  quantities  of  one-tenth  to  one-twelfth  of  the  weight 
of  the  ash  is  placed.  Over  the  lime  is  next  poured  sufficient  water  to  cause  it  to  slaJce, 
care  being  taken  to  cover  the  lime  up  with  ash.  The  ash  and  lime  having  been  thoroughly 
mixed,  are  placed  in  a  tank,  shaped  like  a  cone  from  which  one-fourth  of  the  narrow 
part  ia  oat  off,  and  fitted  near  the  bottom  with  a  tap.  At  a  distance  of  some  five  inches 
from  the  bottom  a  false  and  perforated  bottom  is  fixed,  so  that  the  ley  can  collect  between 
the  two  bottoms.  Under  the  tap  a  large  iron  tank  is  placed  to  receive  the  ley.  The  mixture 
of  ash  and  lime  having  been  placed  upon  a  layer  of  straw  upon  the  perforated  bottom, 
and  care  having  been  taken  to  squeeze  the  mass  together,  water  is  poured  over  it  for 
the  purpose  of  lixiviating  the  material  until  completely  exhausted.  Usually  three  different 
kinds  of  ley  are  prepared  and  kept,  viz. — i.  Strong  ley,  i8  to  20  per  cent  of  alkali;  2. 
Middling  strong  ley,  8  to  10  per  cent  of  alkali;  and  3.  Weak  ley,  containing  only  i  to  4 
per  cent  of  alkali.  This  weak  liquor  is  commonly  used  instead  of  water  for  lixiviating 
a  new  ash  and  lime  mixture.  The  sodium-aluminate  obtained  by  the  decomposition  of 
cryolite  is  used  in  the  United  States  under  the  name  of  '•  Natrona  refined  saponifier^''  for 
soap  manufacturing  purposes.  Sulphuret  of  sodium  may  also  be  used  instead  of  caustic 
alkali. 

Theory  of  saponiflcauon.      Before  Chcvreul  published  his  researches,  it  was  supposed 

that  fats  and  oils  possessed  the  property  of  combining  with  alkalies.     Chevreul 

found,  however,  that  fats  separated  from  thoir  state  of  combination  as  soaps 

possessed  properties  differing  from  those  existing  before  they  were  saponified,  the 

fact  being  that  the  substances  we  are  acquainted  with  as  oil  or  fats  are  compounds 

of  peculiar  acids,  stearic,  palmitic,  margaric,  oleic,  all  non-volatile  substances; 

while  certain  fats  which  give  off  a  peculiar  odour  contain  in  addition  to  these  acids 

volatile  fatty  acids,  as  butyric,  capric,  capronic,  valerianic,  &c.    The  volatile  acids 

in  the  ordinary  oils  and  fats  are  combined  with  a  sweet  material,  discovered  by 

Scheele,  and  known  under  the  name  of  glycerine. 

According  to  Berthelot's  researches  it  is  held  that  all  the  oils  and  fats  which  are 

used  in  soap-making  are  ethers  of  glycerine,  C3H8O3,  that  substance  being  viewed  as  a 

trivalent  alcohol,  ^tt^  -  O3.  Pahnitin,  for  instance,  the  main  constituent  of  palm- 
oil,  is  glycerlyl-tripalmitate,  or  tripalmitin,  that  is  to  say,  glycerine  in  which  three 
atoms  of  hydrogen  are  replaced  by  the  radical  of  palmitic  add,    A   |t    q  [  ^3- 


Tripalnntin    |^6XoW4|  - 
and  Caustic  soda,  3  N  aO H, 
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Stcarine  (tristearine)  and  oleine  (trioleine)  have  an  analogous  constitution.  When 
the  fats,  take  palm-oil  for  instance,  are  saponified  with  caustic  alkalies,  say  caustic 
Boda,  the  fat — that  is,  in  chemical  parlance,  the  ether — ^is  decomposed  into  alcohol,  t.^., 
glycerine,  and  sodium  palmitate,  i.e.f  soap,  according  to  the  following  equation: — 

C,H<         )  ^  1  ^  I  Glycerine,  ^^gs  |  O3. 

and  Soap,  or  sodium  palmitate,  3 1  ^^'^    ^^    I  O. 

The  glycerine  formed  during  the  process  of  saponification  remains,  after  the 
separation  of  tlie  soap,  dissolved  in  tlic  mother-liquor  from  which  it  is  prepared. 
It  is  clear  that  sucli  fats  as  j)alm-  and  cocoa-nut  oil,  which  in  tlicir  ordinary  state 
contiiiu  fatty  acids,  are  more  readily  saponitied  than  the  perfectly  neutral  fats,  viz., 
olive-oil  and  tallow ;  while  the  oleic  acid  derived  from  the  stearine  candle  manu- 
factories is  readily  saponified  by  carbonated  alkalies.  Tliis  observation  applies  to 
colophonium  (resin),  which  consists  essentially  of  a  peculiar  acid,  pinic  acid,  but 
in  tliese  instances  no  real  saponification  takes  place,  inasmuch  as  no  glycerine  is 
formed.  The  decomposition  of  a  fat  by  an  alkali  does  not  take  place  suddenly  and 
throughout  the  whole  of  tlie  fat  at  once,  in  the  manner  of  inorganic  salts,  but  passes 
tlirough  several  stages,  the  first  being  the  formation  of  an  emulsion  of  ley  and  fat ; 
next  fat  acids  and  fat  acid  salts  are  formed,  retaining  the  rest  of  the  fatty  matter  in 
suspension ;  gradually  tlio  free  fatty  matter  is  saponified,  and  tlie  fat  acid  salts  are 
converted  into  neutral  salts,  or  in  other  words,  soap. 

When  caustic  potassa  is  used,  soft  soaps  are  produced,  while  the  hard  soaps 
result  from  the  use  of  caustic  soda.    We  distinguish  soaps : — 

a.  As  hard  soaps  or  soda  soaps. 

p.  As  soft  soaps  or  potassa  soaps. 

According  to  the  fatty  Rubstances  used  in  soap-boiling,  soaps  are  distinguished  as 
tallow,  oil,  palm-oil,  oleic  acid,  cocoa-nut,  fish-oil,  and  resin  soaps,  &c.  Technically,  hard 
soaps  may  be  divided  into : — 

1.  Nnclcns  soaps. 

2.  Smooth  soaps. 

3.  Falling  soaps. 

The  term  nucleus  soap  designates  the  soap  that  after  having  been  made  and 
separated  from  the  ley  by  the  aid  of  common  Rait  is  boiled  down  to  a  uniform  mass,  free 
from  air  bubbles,  and  exhibiting  after  solidification  small  cryBtalliuo  particles.  Th6 
portion  of  the  soap  which  does  not  separate  in  that  state  assumes,  by  becoming  mixed 
with  a  large  or  smaller  quantity  of  the  impurities  of  the  ley,  a  mottled  appearance.  The 
soap  directly  separating  by  the  additicm  of  salt  into  globules  or  nuclei  is  pure  soap,  free 
from  any  adhering  ley,  water,  or  glycerine.  Smooth  soap  is  obtained  by  boiling  for  some 
time  with  either  water  or  weak  ley,  the  soap  taking  up  a  portion  of  the  water,  and 
losing  the  crystalline  and  mottled  appearance.  In  the  .preparation  of  this  soap  it  is 
first  separated  by  means  of  salt  from  the  mother-liquor  (in  saline  solutions  soap  is  in- 
soluble), but  after  that  separation  the  soap  is  boiled  with  weak  ley.  The  only  difference 
existing  between  the  two  kinds  is,  that  the  latter  contains  more  water  than  the  former. 
The  fulling  soap,  at  the  present  that  chiefly  met  with  in  commerce,  is  essentially  the 
worst  kind  of  soap,  as  an  insuflicient  quantity  of  salt  is  used,  the  result  being  that  the 
entire  contents  of  the  boiling-pan  are  kept  together.  The  process  of  boiling  is  con- 
tinued until  on  cooling  the  mass  solidifies.  The  soap  is  removed,  cut  into  bars,  and  sold. 
Soap  made  from  cocoa-nut  oil  possesses  especially  the  property  of  being  hard  and  dry 
notwithstanduig  that  it  conttdns  a  large  amoimt  of  water  ;  consequently  the  use  of  oocoa- 
nut  oil,  both  alone  and  with  other  fats  to  which  it  imparts  its  property,  is  greatly  on  the 
increase.  Soaps  of  this  kind  will  produce  250  to  300  parts  of  soap  from  100  of  oil. 
Chief  varietiea  'l^he  German  tallow  soap  or  curd  s:)ap  is  essentially  a  mixture  of  stearate 
of  s<«p.  of  go(ja  and  palmitate  of  soda,  and  is  commonly  prepared  indirectly  by 
first  saponifying  tallow  with  caustic  potassa,  and  next  converting,  by  means  of  common 
aali,  the  stearate  and  palmitate  of  potassa  into  the  corresponding  soda  compound. 

R  2 


244  CHEMICAL  TECHNOLOGY. 

The  soap-boiling  pan  employed  is  somewhat  conical  in  shape.  It  is  made  of  cast-iron,  and 
provided  at  the  top  with  a  high  lintel  or  bnlwark  to  prevent  any  flnid  boiling  over.  Supposing 
it  to  be  intended  to  convert  lo  cwts.  of  tallow  into  soap: — Into  the  cauldron  is  first 
poured  about  500  litres  of  strong  lye  at  20  per  cent  ( —  1*226  sp.  gr.) ;  next  the  tallow  is  added, 
and  a  wooden  or  iron  lid  having  been  fitted  to  the  cauldron,  the  fire  is  kindled.  When 
ebullition  sets  in,  it  is  kept  up,  with  occasional  stirring  of  the  contents  of  the  cauldron,  for 
five  consecutive  hours.  The  materials  in  the  cauldron  are  converted  into  soap-glue,  as  it 
is  termed,  a  gelatinous  mass,  which,  if  the  operation  has  been  well  conducted,  ought  not, 
npon  the  addition  of  fresh  ley,  to  become  thin,  while  it  also  should  not  flow  in  drops,  but 
similarly  to  treacle  from  a  spatula.  The  production  of  this  substance  is  promoted  by 
adding  oil  of  tallow  to  the  ley  gradually  and  in  small  portions  at  a  time. 

M^ge-Mouri^s  recommends  either  yolks  of  eggs ,  bile,  or  albuminous  compounds.  As  proved 
by  the  researches  of  F.  Euapp,  it  is  always  advantageous  to  first  convert  the  fat,  with  the 
requisite  quantity  of  ley,  into  an  emulsion,  and  to  leave  the  ley  either  not  heated  at  all  or 
only  to  50"  in  contact  with  the  fat,  so  as  to  saponify  first  slowly  in  the  cold  and  to  finish 
off  with  ebullition.  When  caustic  soda  ley  is  used  it  is  of  a  density  =  lo""  to  12''  B. 
(=  1*072  to  1*088  sp.  gr.^  When  the  saponification  is  complete  the  operation  of  fitting  or 
parting  is  proceeded  witn,  and  consists  in  adding  12  to  16  lbs.  of  salt  to  100  of  tallow. 
The  soap  is  kept  boiling  until  the  soap-glue  has  become  a  grayish  mass,  from  which 
the  mother-liquor  or  under-ley  readily  separates,  the  latter  being  let  oil  by  a  tap ;  or,  if 
no  tap  is  fitted  to  the  cauldon,  the  soap  is  gradually  ladled  over  into  the  cooHng-tank. 
The  addition  of  salt  not  only  aims  at  the  separation  of  the  soap  from  the  ley,  but  also 
at  the  partial  conversion  of  the  potassa  into  soda-soap.  If  the  soap -glue  has  been 
removed,  it  is  again  put  into  the  cauldron,  and  there  is  added  a  moderately  strong  ley 
and  heat  again  applied.  The  soap  again  becomes  quite  fluid,  but  consists  chiefly  of  soda- 
soi^[>  glue.  The  ebullition  is  kept  up,  and  during  its  continuance  fresh  ley  and  salt  are 
added  alternately.  By  continued  boiling  the  soapy  mass  becomes  more  and  more  con- 
centrated ;  as  soon  as  the  foaming  ceases,  and  the  whole  mass  is  in  a  steady  ebullition,  it 
is  again  ladled  over  into  the  cooling-tank,  or  the  mother-liquor  is  tapped  off.  The  object 
to  be  gained  by  this  second  boiling  is  the  conversion  of  the  material  into  a  uniform  mass 
free  from  air-bubbles ;  another  is  promoted  by  beating  with  iron  rods.  The  hot  soap  is 
next  placed  in  a  wooden  box,  so  constructed  that  it  can  be  taken  to  pieces ;  upon  the 
bottom  of  this  box,  which  is  perforated,  a  piece  of  cloth  is  stretched,  so  as  to  allow  of  any 
adhering  ley  running  off.  When  the  soap  is  cool  the  box  is  taken  to  pieces,  the  soap  cut 
into  bars,  and  these  placed  in  a  cool,  dry  room.  The  cutting  of  the  soap  into  bars  is  now 
effected  by  machinery ;  formerly  it  was  performed  by  hand  with  a  peculiar  tool,  a  copper- 
wire  with  suitable  handles,  such  as  cheesemongers  sometimes  use.  10  cwts.  of  tallow  yield  on 
an  average  16}  cwts.  of  soap,  which  by  drying  loses  some  10  per  cent.  As  it  is  impossible, 
even  with  repeated  applications  of  salt,  to  convert  potassa-soap  completely  into  soda-soap, 
the  German  nucleus,  or  Kemseife^  is  always  mixed  with  a  considerable  quantity  of 
potassa-soap,  to  which  it  owes  its  peculiar  softness.  According  to  the  researches  of 
Dr.  A.  C.  Oudemans  (1869)  only  half  the  potassa  is  converted  into  soda-soap. 

oure^u  Soap.  This  kind  of  soap,  also  known  as  Blarseille,  Venetian,  or  Castilian  soap,  is 
aehiefly  prepared  in  the  southern  parts  of  Europe.  The  olive-oil  is  frequently  mixed  with 
other  kinds  of  oil,  such  as  linseed,  poppy-seed,  cotton-seed  oil,  ^q.  Two  kinds  of  ley  are 
^employed  in  the  preparation  of  this  soap :  the  first  ley  is  only  a  caustic  soda  solution, 
and  used  for  fitting  or  preparatory  boiling ;  the  other  ley  is  mixed  with  common  salt, 
And  intended  to  effect  the  separation  of  the  soap.  The  preparatory  boiling  aims  at  the 
formation  of  an  emulsion  or  the  production  of  an  Hat  globuUiire,  whereby  the  contact  of 
oil  and  alkali  is  greatly  promoted,  and  a  real  soap-glue  ultimately  results.  In  order  to 
remove  the  water  from  this  material  as  much  as  possible,  a  ley  containing  common  salt  is 
employed,  and  lastly  by  a  third  boiling  the  saponification  is  rendered  complete.  By  the 
nse  of  the  ley  containing  common  salt  it  is  possible  to  keep  the  soap-glue  in  such  a  con- 
dition that  it  can  take  up  alkali  without  combining  with  the  water.  The  preparatory  boiling, 
or  fitting,  is  carried  on  in  large  copper  vessels,  capable  of  containing  250  cwts.,  the 
caustic  soda  employed  for  this  purpose  having  a  strength  of  6°  to  g°  B.  (=:  1*041  to  1*064 
sp.  gr.)  The  ley  is  brought  to  ebullition  first,  and  the  oil  to  be  saponified  is  next 
added,  care  being  taken  to  stir  the  mixture  in  order  to  promote  the  reaction.  Gradually 
the  mass  becomes  tbick,  and  as  soon  as  black  vapours  arise,  due  to  the  decomposition  of 
a  small  quantity  of  the  soap-glue  by  coming  in  contact  with  the  very  hot  copper,  there  is 
added  the  stronger  ley  of  20^  B.  (1*157  sp.  gr.)  If  it  is  intended  to  produce  a  blue- 
white  soap,  some  sulphate  of  iron  is  adaed.  As  soon  as  the  mass  has  become  sufficiently 
thick,  the  soda-ley  mixed  with  salt  is  added.  After  some  hours  the  soap  entirely  separates 
from  the  mother-Uquor,  which  is  then  run  off,  and  fresh  ley  added  also  containing  common 
salt.  The  final  boiling  is  then  proceeded  with,  the  ley  having  a  strength  of  20"*  to  28**  B. 
The  ebullition  is  continued  gently  until  the  alkali  is  exhausted,  when  the  mother-liquor 
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is  again  mn  off,  and  fresh  ley  mixed  with  common  salt  again  added ;  this  operation  ia 
repeated  some  fonr  to  six  times,  when  the  soap  is  at  last  quite  ready.  This  stage  is 
indicated  by  the  absence  of  aU  smell  of  oil  and  the  peculiar  grain  of  the  mass,  which  is 
left  to  cool ;  but  if  sulphate  of  iron  has  been  added,  it  is  necessary  to  stir  the  soap  con- 
tinuously until  nearly  cold,  in  order  to  produce  the  mottled  appearance  due  to  the  forma- 
tion of  sulphuret  of  iron  from  the  sulphate  by  the  action  of  the  sulphuret  of  sodium  of  the 
soda-ley.  Mottled-soap  is  produced  in  England  by  adding  a  concentrated  eolation  of 
crude  caustic  soda  containing  sulphuret  of  sodium  to  the^  liquid  soap,  previously  impreg- 
nated with  sulphate  of  iron.  When  nearly  cold  the  soap  is  placed  in  wooden  boxes  and 
left  to  completely  solidify.  After  ten  to  twelve  days  it  is  ready  for  being  out  into  bars. 
64 litres  of  oil,  ~  58  to  60  kilos.,  yield  90  to  95  kilos,  of  soap.  White-oil  soap  is  prepared 
in  a  similar  manner,  but  purer  materials  are  employed.  A  good  sample  of  Marseilles 
mottled  soap  should  contain : — 

L  n. 

Fat  acids     63  62 

AlkaU 13  II 

Water 24  27 

100  100 

oick  Add  Soap.  Is  obtained  from  crude  oleic  acid,  a  by-product  of  stearine  candle 
manufacture.  The  oleic  acid  produced  by  the  distillation  process  is  less  suitable  for 
soap-making  purposes.  Oleic  acid  is  saponified  simply  by  being  mixed  with  a  strong 
solution  of  carbonate  of  soda,  or  by  the  appUcation  of  caustic  soda.  In  the  use  of  the 
carbonate  of  soda,  however,  there  is  the  disadvantage  of  the  effervescence  due  to  the 
evolution  of  carbonic  acid,  and  consequent  boiling  over  or  spilling  of  the  materials. 
Pitman  uses  the  carbonate  of  soda  in  a  dry  state.  Heat  is  best  applied  by  Morfit's 
arrangement,  in  which  steam  is  passed  through  a  system  of  pipes  moved  by  machinery 
and  acting  as  stirrers.  Resin  is  sometimes  added.  As  soon  as  the  mass  has  acquired 
sufficient  consistency,  and  the  effervescence  ceases,  the  soap  is  put  into  moulds  to  cool 
and  solidify.  When  caustic  soda  is  used,  half  the  ley  (sp.  gr.  1*15  to  1*20  ~  20"*  to  25°  B.) 
is  first  poured  into  the  cauldron  and  brought  to  ebullition,  next  the  oleic  acid  is  added, 
and  as  soon  as  the  soap-glue  is  formed,  the  other  half  of  the  ley  is  put  in,  and  the  ebul- 
lition continued  until  the  soap  is  formed.  The  separation  from  the  mother-liquor  ii 
greatly  promoted  by  the  addition  of  some  salt.  The  soap  is  poured  into  moulds  to 
oool  and  solidify.  In  order  to  impart  greater  hardness  to  the  soap,  some  5  to  8  per 
oent  of  taUow  is  added  to  the  oleic  acid,  xoo  kilos,  of  oleic  acid  yield  from  150  to 
160  kilos,  of  6oap«,  which,  when  well  made,  consists  in  100  parts  of — 

Fat  acids 66 

Soda 13 

Water 21 


100 

lUda-Taiiow  soapft.  Colophonium  and  ordinary  fir-tree  resin  combine  at  boiling  heat  more 
readily  with  alkalies  than  fats  and  oils ;  but  the  compounds  obtained  by  treating  resins 
alone  with  alkalies  are  not  soaps  in  a  chemical  sense,  nor  have  they  tne  appearance  or 
properties  of  soap.  When  tallow  is  saponified  with  a  portion  of  resin,  a  true  soap  is 
obtained.  In  England  resin-tallow  soap  is  manufactured  very  largely  by  first  preparing  a 
tallow-soap,  and  when  this  is  ready  adding  to  it  about  50  to  60  per  cent  of  the  best  resin 
previously  broken  into  small  lumps.  The  mass  is  thoroughly  stirred,  and  after  the  resin 
has  become  incorporated  with  the  tallow,  the  mother-liquor  or  under-ley  is  ran  off,  and 
the  soap-making  finished  by  boiling  with  a  quantity  of  fresh  ley  at  7°  to  8"*  B.  The  inso- 
luble alumina  and  iron  soaps  having  been  removed  as  scum  from  the  top  of  the  liquid, 
the  hot  soap  is  poured  into  moulds  made  of  wood  or  sheet-iron  ;  sometimes  palm-oil  is 
added  in  order  to  improve  the  colour  of  the  soap.  Usually,  palm-oil  is  not  saponified 
alone,  but  is  added  to  tallow ;  by  treating  a  mixture  of  2  parts  of  taUow  and  3  parts  of 
palm-oil  with  potassa  or  soda-ley  in  the  ordinary  manner,  and  by  mixing  this  soap  with  a 
reein  soap  prepared  from  i  part  of  resin  and  a  proper  quantity  of  potassa-ley,  the  Qerman 
palm-oil  soap  is  obtained. 

rniiinff-soapc  As  it  is  possiblc  to  incorporate  soda-soaps  with  a  certain  quantity  of  water 
without  impairing  the  appearance,  the  soap-boilers  at  the  present  day  only  prepare  so- 
called  fulling-soaps,  that  is,  such  as  are  not  completely  separated  from  the  under-ley  by 
the  aid  of  salt.  These  soaps  contain,  in  addition  to  water,  glycerine  and  the  salts 
existing  in  the  under-ley.  It  is  owing  to  the  large  amount  of  water  ooi^tained  that  the 
soap-boiler  is  enabled  to  sell  cheap  soaps  notwithstanding  the  Tery  greatly  increased  price 
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of  fatty  BubBtanoes.  Soap  of  this  kind  (in  Qermany  known  as  Eschweger  soap)  appears 
when  ^eshly  made  qnite  hard  and  dry,  though  containing  such  a  hurge  quantity  of  water. 
It  is  possible  to  make  from  loo  kilos,  of  fatty  matter  300  kilos,  of  good,  bright,  hard  soap. 

The  manufacture  of  cocoa-nut  oil  soap  resembles  that  of  the  other  kinds  of  soap. 
With  a  weak  ley  cocoa-nut  oil  does  not  form  the  emulsion  common  to  other  soaps, 
but  swims  on  the  surface  as  a  clear  fat ;  when,  by  boiling,  the  ley  has  reached  a 
proper  consistence,  the  oil  suddenly  saponifies.    A  strong  soda-ley  is  used  in  the 
preparation  of  this  kind  of  soap.    Cocoa-nut  oil  in  saponifying  does  not  separate 
from  the  under-ley,  therefore  potash-ley  is  never  employed.    To  prevent  the  separa- 
tion of  the  soap  from  the  mixing,  the  quantity  of  caustic-ley  used  must  be  accurately 
measured.    Pure  cocoa-nut  oil  soap  hardens  quickly.     It  is  white,  like  alabaster, 
shiny,  soft,  and  easily  lathered ;   it  has,  however,  a  peculiarly  unpleasant  smell, 
which  cannot  be  entirely  masked  by  any  perfume.     Cocoa-nut  oil  is  seldom  used 
alone,  but  usually  as  an  addition  to  palm-oil  and  tallow.     This  kind  of  soap  can  be 
made  without  boiling,  by  merely  heating  to  80°  C,  by  means  of  steam,  to  melt  the 
fiats,  a  strong  soda-ley  being  added,  and  the  mixture  quickly  stirred.    This  is  known 
as  the  "  cold  method,"  and  soap  can  be  thus  prepared  in  large  quantities  in  a  short 
time,  and  is  generally  hard  and  dry.    When  exposed  to  the  air  for  a  month  or  so, 
the  soap  loses  considerably  in  weight,  and  becomes  effloresced  superficially.    B.  linger 
(1869)  prepares  a  soap  in  the  following  manner : — He  saponifies  palm-oil  with  soda- 
ley  and  salt  as  usual.    The  product  is  palmitate  of  soda.    At  the  same  time  cocoa- 
nut  oil  is  saponified  by  means  of  carbonated  and  caustic  soda-ley ;  this  is  added  to  the 
paJm-oil  soap,  and  they  are  boiled.    As  a  rule  there  are  taken  2  parts  of  palm-oil  to 
I  part  of  cocoa-nut  oil ;  and  to  100  parts  of  the  latter  there  are  added  143  parts  of 
caustic  soda  (NaaO)  and  12*8  parts  of  carbonate  of  soda.    According  to  Unger's 
experiments,  this  soap  contains  5  mols.  palmitate  of  soda,  i  mol.  carbonate  of  soda, 
and  X  mol.  water.     The  "  marbling "  or  **  mottling  "  is  efiected  in  the  following 
manner : — Colouring  matters,  oxide  of  iron,  brown-red,  Frankfort-black,  are  mixecl 
witli  a  small  portion  of  soap  ;  this  is  poured  into  tlie  rest  of  the  soap,  with  which  it 
forms  layers  of  unequal  tliickness.     The  entire  mass  is  now  stirred,  and  by  this 
means  a  marbled  or  grained  appearance  imparted. 

soft-soap.  As  before-mentioned,  potash  forms  with  fats  and  oils  only  a  «o/^soap, 
which  does  not  dry  when  exposed  to  the  air,  but  on  the  contrary  absorbs  water, 
remaining  constantly  like  a  jelly.  As  a  rule,  these  so-called  soaps  are  impure  solu- 
tions of  oleate  of  potash  in  an  excess  of  potash-ley,  mixed  with  the  glycerine  sepa- 
rated in  the  saponification.  Soft-soaps  can  be  prepared  only  with  potash-leys, 
although  in  practice  i  part  of  soda-ley  is  substituted  for  a  part  of  the  potash  to  assist 
in  somewhat  hardening  the  soap.  There  is  no  separation  of  the  soap  from  the 
under-ley,  which  contains  all  the  impurities ;  consequently  these  are  disseminated  in 
the  soap. 

In  consequence  of  the  solubility  and  cleansing  properties  of  soft-soap,  its  use  is 
preferred  to  that  of  soda-soap  in  the  manufacture  of  cloth  and  woollen  articles.  It 
will  have  been  seen  that  the  difference  in  manufacturing  hard-  and  soft-soaps 
consiBts  in  employing  potash-ley  for  the  latter,  and  soda  for  the  former.  Wood-ash 
is  not  used  in  preparing  the  potash-ley,  but  always  pure  potash ;  tlie  preparation 
follows  the  usual  method  with  caustic  lime.  The  fats  used  are  mixtures  of  the 
vegetable  and  animal  oils,  as  the  fish-oil  known  as  **  Southern,"  with  rape,  hemp,  and 
linseed  oils.    The  particular  oil  used  varies  according  to  the  time  of  the  year  and 
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market  price :  in  winter  the  soft  oils  are  employed ;  iu  summer  the  firmer  oils. 
Soft-soap  is  generally  used  for  fulling  and  scouring ;  but  abroad  it  is  sometimes  used 
for  washing  linen,  to  which  it  imparts  a  most  disagreeable  fishy  odour,  hardly 
concealed  by  any  amount  of  perfume.  The  best  soft-soap  is  made  from  hemp- seed 
oil,  this  oil  imparting  a  green  tinge,  which,  howeyer,  can  be  imitated  by  adding  indigo 
to  inferior  soaps.  Summer  soap,  as  it  is  termed,  contains,  owing  to  the  fat  employed, 
more  palmitate  of  potash  in  proportion  to  oleate  than  the  winter  soap.  Sometimes 
saponification  is  efifected  with  a  mixture  of  hemp-  and  palm-oil  or  tallow,  of  train-oil 
and  tallow,  &c. 

The  boiling  of  the  soft-soap  commences  with  a  strong  ley  containing  8  to  lo  per 
cent  potash,  by  which  an  emulsion  is  formed.  The  scum  is  dashed  about  with  a 
stick,  the  beating-stick,  and  by  this  means  all  the  alkali  is  caused  to  be  taken  up.  A 
fresh  ley  is  then  added,  and  the  boiling  continued,  until  tlie  soap  upon  cooling 
stiffens  into  a  clear  tough  mass.  When  the  soap  contains  too  much  caustic  alkaL', 
wliich  can  be  ascertained  by  the  taste,  more  oil  is  added.  The  clmr-hoiling  now 
commences,  during  which  the  excess  of  water  is  removed.  To  avoid  lengthy  evapo- 
ration a  concentrated  ley  is  employed,  and  the  soap,  instead  of  bubbling  up,  has  its 
surface  covered  with  blisters  as  large  as  tlie  hand ;  these  blisters  are  termed  leaves. 
Wlien  the  boiling  is  finished — ascertained  by  placing  some  of  the  soap  to  cool  on  a 
glass  plate,  from  which,  if  fiim,  it  canJbe  separated — the  soap  is  cooled,  and  stored 
in  barrels. 

Soft-soap  will  take  up  a  considerable  quantity  of  water-glass  solution  without 
alteration.  Recently,  for  fulling,  there  has  been  added  to  tlie  soft-soap  a  solution  of 
sulphate  of  potash,  or  a  mixture  of  alum  and  common  salt,  and  also  potato-starch. 

vuiont  other  Soaps.  Another  soap  is  prepared  from  hog*8-lard,  and  when  scented  with  oil 
of  almonds  or  essence  of  mirbane  (uitrobcnzol)  is  sold  as  almond-soap,  and  as  a  cosmetic. 
A  soap  is  made  from  the  grease  of  sheep's-wool.  The  so-called  bone-soap  is  nothing  more 
than  a  mixture  of  the  usual  hard  or  cocoa-nut  oil  soap  with  the  jelly  from  bones.  The  bones 
are  first  treated  with  muriatic  acid  to  separate  the  phosphate  of  calcium.  A  variety  of 
bone-soap  is  the  Liverpool  common  soap.  Flint-soap  is  an  oil-  or  tallow-soap  with  which 
slHceous  earth  is  mixed.  When  powdered  pumice-stone  is  substituted  for  the  siliceous 
earth,  the  soap  is  called  piimtcd-soap.  In  America  as  well  as  in  England  a  water-glass 
solution  is  substituted  for  the  siliceous  earth,  although  according  to  Seeber  the  result  is 
not  so  efficacious.  Cocoa-nut  oil  soap,  however,  containing  24  per  cent  silicate  of  soda 
and  50  per  cent  water,  is  very  firm.  In  the  United  States  water-glass  is  added  to  the  soap 
when,  still  hot  from  the  boiling-pan,  it  is  poured  into  the  moulds.  The  water-glass 
solution  is  of  a  density  =  35®  B.  (=  1-31  sp.  gr.J ;  the  proportion  of  soap  is  60  per  cent. 
This  kind  of  water-glass  soap  generally  sets  hard.  Recently  cryolite  and  aluminate  of  soda 
have  been  employed. 

Toflet  so«p«.       On  account  of  the  reduction  in  the  duty  toilet  soaps  are  now  very 
largely  in  demand.    They  are  generally  made  by  re-melting  and  perfuming  common 
soap.    English  toilet  soap  is  considered  the  best,  as  tliat  of  IVancc  and  Germany 
being  perfumed  while  cold  is  not  so  equable  a  product. 
There  are  three  modes  of  preparing  toilet  soap,  viz. — 

1.  By  re-melting  raw  soap; 

2.  By  the  cold  perfuming  of  odourless  soap ; 

3.  By  direct  preparation. 

I.  In  the  method  of  re-melting,  good  raw  soap  is  scraped  into  a  boiling  pan,  and 
after  melting  and  skimming  the  perfume  is  added.  The  soap  is  then  cast  in  moulds 
of  the  required  form.  2.  In  the  method  of  perfuming  in  the  cold,  odourless  soap  is 
cut  into  line  shreds  by  a  machine :  the  perfume  is  tlien  added,  and  the  soap  is  passed 
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between  rollers,  the  sheets  or  bars  thus  formed  being  cut  into  tablets.  Struve,  of 
Leipsic,  has  invented  a  machine  by  means  of  which  soap  is  stamped  into  the  dhape 
required.  3.  The  direct  preparation  of  toilet-soap  consists  in  colouring  and  scenting 
pure  white  common  soap  without  an  intervening  cooling.  The  colouring  materials 
are-— for  red,  cinnabar,  coralline^  and  fachsine ;  the  violet  tar  colour  for  violet ;  for 
blue,  ultramarine ;  for  brown,  a  solution  of  raw  sugar  or  caramel.  Windsor  soap 
is  prepared  in  the  following  manner : — 40  pounds  of  mutton  tallow  and  15  to  20 
pounds  of  olive-oil  are  mixed  with  soda-ley  marking  ig**,  making  a  soap  of 
15°;  finally,  with  ley  marking  20°,  when  the  soap  is  of  the  consistency  of  marrow. 
The  excess  of  ley  is  then  neutralised.  When  the  soap  is  set  it  is  allowed  to  stand 
six  to  eight  hours,  and  during  this  time  most  of  the  under-ley  separates.  It  is 
then  placed  in  a  flat  form,  and  pressed  until  no  fluid  exudes.  It  is  scented 
with  cumin  oil,  bergamot,  oil  of  lavender,  oil  of  thyme,  &c.  Moist  sugar  is  used 
to  impart  the  brown  colour.  Rose  soap,  savon  h  la  rose,  is  manufactured  by 
melting  the  ingredients  of  three  parts  of  oil-soap  with  two  parts  of  tallow-soap 
and  sometimes  water ;  the  perfume  is  attar  oi  roses,  oil  of  roses,  or  gilliflower 
water,  the  colouring  matter  being  generally  cinnabar.  Shaving-soap  must  not 
contain  free  alkalies.  It  is  sometimes  prepared  by  boiling  fat  acids  with  a 
mixture  of  the  carbonates  of  soda  and  potash.  Lather-soaps  have  in  equal 
volume  only  half  the  substance  of  the  other  sbaps.  Palm-  or  olive-oil  soap  is  melted 
with  an  addition  of  one-third  to  one-eighth  the  volume  of  water,  and  the  mass  stirred 
until  it  has  increased  to  double  the  volume.  It  is  then  placed  in  a  mould.  It 
should  be  remarked  that  the  oil-soaps,  and  not  tallow-soaps,  are  the  true  for- 
matives  of  the  lather- soaps. 

Tnuispuwit  softp.         Ordinary    dry    tallow-soap    is    cut  into    splinters    and    heated 

with  an  equal  weight  of  alcohol,  in  which  the  soap  dissolves.    The  mixture  is 

allowed  to  cool ;  therewith  all  impurities  are  thrown  down,  and  the  clear  fluid  is 

placed  in  the  moulds,  where  it  has  to  remain  three  to  four   weeks   to   harden. 

Tincture  of  cochineal  and  aniline  red  are  employed  for   colouring   transparent 

soaps,  and  also  Martin's  yellow.    The  perfume  is  chiefly  oil  of  cinnamon,  sometimes 

oil  of  thyme,  oil  of  marjoram,  and  sassifras-oil.     Glycerine -soap  is  prepared  from 

an  alcoholic  solution  of  ordinary  soap,  to  which  glycerine  is  added.    Or  5  cwts.  of 

soap  with  an  equal  quantity  of  glycerine  are  heated  by  steam  in  a  copper  vessel. 

The  mixture  is  placed  in  moulds,  and  allowed  to  set  in  the  usual  manner.  A  solution 

of  soap  in  an  excess  of  glycerine  (35 :  30)  forms  fluid  glycerilie-soap,  which  is  of  a 

clear  honey  consistency.    Both  varieties  are  perfumed  with  essential  oils. 

uiM  of  Soap.  Soap  is  used  for  cleansing  purposes  in  washing,  in  bleaching  cloth  and 
wooUen  materials ;  for  the  preparation  of  lithographic  tints,  &o.  The  cleansing  proper- 
ties of  soap  are  due  to  the  alkalies  it  contains.  The  ^ali,  although  combined  with  the 
fat  acids,  loses  none  of  these  properties,  which  are  in  fact  included  in  the  combination  of 
the  alkali  with  the  fatty  substances  of  the  dirt  to  be  removed.  The  explanation  of  the 
action  chemically,  according  to  Chevreul,  is  the  following : — The  neutral  salts  formed  by 
the  alkalies  and  the  fat  acids,  stearates,  palmitates,  and  oleates  are  decomposed  by  the 
water,  whereby  insoluble  double  fat  acid  salts  are  separated,  while  the  alkali  is  set  free. 
By  means  of  the  free  alkali  the  impurities  clinging  to  the  materials  are  removed,  and 
tuen  up  by  the  fat  acid  salts,  the  suspended  dirt  being  thus  contained  in  the  lather. 

ikmpTerts.  The  greater  the  quantity  of  fat  acids  combined  in  the  soap,  the  higher  is  its 
value.  A  normal  soap,  besides  alkaline  fat  acids,  should  only  contain'  free  water,  the 
quantity  of  which  gives  a  means  of  estimating  the  value  of  the  soap.  It  is  in  the  power 
of  the  soap-maker  to  manufacture  300  parts  of  a  good  hard  soap  out  of  100  parts  of  fat. 
When  too  small  a  quantity  of  water  is  contained  the  soap  becomes  too  hard,  and 
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mnoh  labour  is  lost  in  obtaining  a  lather.  If,  on  the  other  hand,  water  is  held  in  too  large 
a  quantity  there  is  a  great  loss  of  material.  The  degree  of  hardness  of  the  soap  forms, 
therefore,  another  means  of  estimating  its  yalne.  Many  soaps  contain  2  to  3  per  cent 
glycerine.  But  the  proportion  of  water  and  the  hardness  of  a  soap  are  not  uie  only 
means  of  estimation,  there  still  remains  the  estimation  of  the  neatrsd  fat  acid  alkalies, 
the  free  alkali,  conmion  salt,  or  nnsaponified  fat  in  the  residue  left  after  the  drying  of  the 
soap.  According  to  W.  Stein,  the  presence  of  free  alkali  may  be  ascertained  by  means  of 
calomel,  or  according  to  Naschold,  by  nitrate  of  protoxide  of  mercury.  Uncombined  fat 
retards  the  formation  of  a  lather,  and  after  a  time  imparts  to  the  soap  a  rancid  odour. 
But  the  worth  of  a  soap  can  only  be  accurately  ascertained  by  means  of  chemical 
analysis. 

insoiabte  Soa^  All  soaps  that  haYC  not  potash  or  soda  for  a  base  are  insoluble  in  water. 
Many  of  the  insoluble  soaps  are  of  technical  importance. 

Cidciam-soap  plays  an  important  part  in  stearine-wax  manufacture.  It  is  made  either 
directly  by  saponifying  fat  with  hydrate  of  lime,  or  by  treating  soluble  soap  with  a  solu- 
tion of  a  salt  of  lime ;  this  soap  is  formed  to  some  extent  when  ordinary  soap  is  dissolyed 
in  hard  water.  Barium-  and  strontium- soap  are  similar  to  calcium-soap.  Magnesium- 
soap  is  made  directly  with  difficulty ;  it  may  be  obtained  indirectly  by  dissolving  ordinary 
soap  in  sea- water.  Aluminium-soap  is  without  doubt  an  insoluble  soap ;  argillaceous 
earths  will  not  saponify  fat  unless  aluminate  of  soda  or  potash  is  present.  Aluminium 
soap  is  used  in  waterproofing.  According  to  Jarry,  wood  impregnated  with  oleate  or 
stearate  of  aluminium  is  impervious  to  moisture.  Lately  many  materials  have  been  ren- 
dered waterproof  by  being  dipped  into  a  solution  of  acetate  of  aluminium,  and  then  into 
a  soap  solution,  aluminium  soap  being  thus  formed. 

Manganese-soap  is  prepared  by  the  addition  of  sulphate  of  manganese  to  ordinary  soap, 
or  by  boiling  carbonate  of  manganese  with  oleic  acid.  It  is  usuaUy  applied  as  a  siccative. 
Zinc-soap  is  prepared  by  the  double  decomposition  of  sulphate  of  zinc  and  soap,  or  by  the 
saponification  of  zinc- white  with  olive-oil  or  fat,  forming  a  yellow-wfaite  mass.  Zinc-soap 
is  used  as  an  oil-colour,  and  also  as  zinc-plaster.  Lead-soap  or  lead-plaster  is  made  by 
adding  white-lead  to  olive-oil,  or  acetate  of  lead  to  soap  solution.  Tm-soap  is  prepared 
by  the  double  decomposition  of  chloride  of  tin  with  soap.  Copper-soap,  formed  by  the 
addition  of  sulphate  of  copper  solution  to  soap,  is  soluble  in  ether  and  oil,  less  so  in  alcohol ; 
it  is  used  in  preparing  water-colours.  It  may  be  made  by  boiUng  oleic  acid  with 
carbonate  of  copper.  Mercury  or  quicksilver-soap  is  prepared  from  chloride  of  mercury 
and  soap ;  it  is  difficult  to  dry  ;  is  white,  but  when  exposed  to  air  and  light  turns  grey. 
Mercury-soap  was  formerly  known  as  quicksilver-soap  and  quicksilver-plaster.  Silver, 
gold,  and  platinum-soaps,  are  severally  prepared  by  double  decomposition ;  but  they  are 
not  much  used.  Gk>ld-soap  is  employed  in  gilding  porcelain ;  and  silver-soap  for  dark- 
ening the  hair. 

Boric  ob  Boracic  Acid,  and  Borax. 

Boracic  acid  occurs  native  as  sassolin,  H3BO3 ;  in  100  parts : — 

Anhydrous  boracic  acid,  6^03     5645 

Yv UU/&        ...      ...      ...      ...      ...      ...      ...      ...        43  3 J 


lOO'OO 


...      ... 


and  further  in  the  following  minerals : — 

Boracite.  or  borate  of  magnesium  with  )      ..,  ^^_  _^  ^^.  -d^^^^  „^-j 
chloride  of  magnesium^ |  with  62  5  per  cent  Boracic  acid. 

Bhodicite,  or  borate  of  calcium 
Hayescine,  Tiza,  or  borate  of  lime 

Hydroboracite 

Tincal  or  borax,  borate  of  soda 

Datholite,  or  boro-silicate 

Botryolite  ... 

Axinite 

Tourmaline 


.••  ••• 


•••  ••• 


...  ...  ...  •••  «••  ••• 


...  •..  ...  *••  •*•  •••  ••• 
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^SO  CHEMICAL  TECHNOLOGY. 

Boraeitf  acid  is  found  also  in  small  quantities  in  many  mineral  waters  and  in  sea- 
water.  Larderellite,  or  borate  of  ammonia,  and  lagonite,  or  borate  of  iron,  are  both 
found  in  very  small  quantities  in  Tuscany,  but  are  interesting  to  mineralogists  only. 

Boracic  acid  is  found  as  sassolin  in  many  Tolcanic  regions  mixed  with  sulpliur, 
and  in  the  hot  springs  of  Sasso,  in  Tuscany,  an4  also  between  Volterra  and  Massa 
Maritima  in  the  clefts  and  rents  of  the  volcanic  formation  of  rock.  Hofifer  and 
Mascagni  (1776),  first  mentioned  the  occurrence  of  boracic  acid  in  the  waters  sub- 
jected, in  the  clefts  of  the  rock,  to  the  sulphurous  exhalations.  The  little  pools 
formed  in  these  clefts  are  yariously  known  as  fumacehi,  fumaroles,  $offiioni,  and 
mofetti.  The  boracic  acid  deposits  in  some  cases  cover  an  extent  of  six  miles. 
Since  18 18  artificial  soffioni  have  been  constructed,  and  the  benefit  derived  by  the 
country  from  the  introduction  of  the  industry  is  immense.  The  first  artificial  lake 
was  situated  near  Monte  Oerboli,  and  the  product  was  for  some  time  known  as 
Larderellite,  from  the  owner's  name,  Larderel.  The  production  from  these  works 
alone  amounted  in  1839  to  717,333  kilos.,  and  in  1867  to  2,350,000  kilos.  The 
increase  has  been  greatest  since  1854,  owing  to  the  energy  with  which  Gazzeri  and 
Durval  entered  upon  the  construction  of  the  artificial  soffioni. 

The  soil  of  the  natural  lakes,  or  beds  of  the  natural  soffioni,  are  of  a  slimy 
formation,  and  have  a  peculiar  seething  movement  due  to  the  escape  of  the 
sulphurous  vapours  from  the  fumaroles  or  vents.  According  to  Payen,  this  vapour 
or  steam  may  be  considered  as  condensed  and  as  non-condensed,  the  former  con- 
taining besides  water,  sulphate  of  lime,  sidphate  of  magnesia,  sulphate  of  ammonia, 
cliloride  of  iron,  hydrochloric  acid,  organic  substances,  a  fishy-smelling  oil,  clay, 
saud,  and  a  small  quantity  of  boracic  acid.  The  non-condensed  vapour  consisted  of — 


Carbonic  acid    

...    05730 

Nitrogen     

...    03480 

Oxygen       ...    ., 

...    00657 

Sulphuretted  hydrogen    ... 

...    00133 

Payen  is  of  opinion  that  the  vapours  contain  no  boracic  acid,  while  C.  Schmidt 
thinks  otherwise,  as  the  vapours,  when  condensed  without  contact  with  the  water 
of  the  soffioni,  yield  boracic  acid.  The  condensed  vapours  contain  o'l  per  cent 
boracic  acid. 

Theory  of  the  FomaUon  Dumas  and  Payen  found  an  explanation  of  the  formation  of 
Natire  Boneto  Add.  volcauic  boracic  acid  upon  the  hypothesis  that  there  exists  in 
the  interior  of  the  volcano  or  beneath  the  under-crust  of  the  earth  a  layer  of  sidphide 
of  boron  (BaS3),  which  under  the  action  of  the  mineral  waters  becomes  converted 
into  boracic  acid  and  sulphuretted  hydrogen.  P.  Bolley  gives  the  action  as  similar 
to  that  occurring  in  the  formation  of  sal-ammoniac,  a  very  common  mineral  in 
volcanic  regions.  Professor  Becchi,  of  Florence,  found  nitride  of  boron  (BN)  in 
one  of  the  under-strata,  from  which  he  prepared  artificially  by  means  of  steam 
ammonia  and  boracic  acid.  Also  Warrington  (1854)  and  Popp  (1870)  attributed  the 
appearance  of  boracic  acid  and  ammonia  in  volcanoes  to  the  decomposition  of  nitride 
of  boron  by  evaporation.  Recently  (1862)  Becchi  has  obtained  boracic  acid  by  the 
decomposition  of  borate  of  calcium  in  a  stream  of  superheated  steam. 

^sSSj^'d.  **'  The  most  general  method  of  obtaining  boracic  acid  is  by  the  evapora- 
ticMi  of  the  water  of  the  natural  or  artificial  soffioni.    The  water  is  either  naturally  or 
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artificially  introduced  into  the  natural  fumaroles,  as  these  sometiines  do  not  re- 
8ui)ply  themselves  with  sufficient  rapidity.  As  soon  as  the  water  has  absorbed  a 
considerable  quantity  of  the  vapours  it  is  removed  and  placed  in  a  large  mason- 
work  cistern;  this  cistern  is  imbedded  in  the  soil  near  the  fomaroles,  and  the 
natural  heat  is  sufficient  to  cause  evaporation.  The  vapours  are  condensed  in  a 
wooden  chimney.  The  separated  impurities,  gypsum,  &c.,  remain  in  the  cistern.  As 
soon  as  the  solution  is  of  a  sp.  gr.  =  107 — 1*08  at  8o^  it  is  poured  into  leaden 
crystallising  vessels  where  the  boracic  acid  crystallises  out.  The  mother-liquor  is 
evaporated  to  dryness.  It  should  be  remembered  that  the  entire  operation  is  con- 
ducted with  the  assistance  of  the  natural  heat  of  the  fumaroles  only.  Occasionally 
the  boracic  acid  is  only  present  in  the  natural  waters  to  0002  of  a  part ;  and  in 
these  cases  fuel  must  be  used  in  the  evaporation,  which  therefore  entails  the  expense 
of  carriage,  as  fuel  is  very  scarce  near  the  soffioni.  Charcoal  is  generally  used. 
But  by  this  means  an  acid  is  obtained,  containing  about  70  to  80  per  cent  hydrated 
boracic  acid,  with  10  per  cent  impurities.  Clouet  removes  the  impurities  by  treat- 
ment with  5  per  cent  of  ordinary  hydrochloric  acid.  Boracic  acid  for  pharma- 
ceutical purposes  may  be  prepared  by  dissolving  i  part  of  borax  in  4  parts  of 
boiling  water,  and  decomposing  the  solution  with  one-third  part  of  sulphuric,  or 
better  with  half  part  of  hydrochloric  acid  of  1*2  sp.  gr.  The  acid  separates  on 
cooling,  and  can  be  purified  by  crystallisation. 

In  100  parts  of  commercial  boracic  acid  from  Tuscany,  H.  Vohl  (1866)  found : — 


I. 

2. 

3- 

4- 

5- 

Boracic  acid 

•••         •••         ••• 

451996 

476320 

482357 

452487 

48-1314 

Water  of  crystallisation  ... 

34*8916 

356983 

37*2127 

349010 

380610 

Water 

4*5019 

25860 

1*0237 

44990 

1-5240 

Sulphuric  acid 

9*6135 

7*9096 

84423 

9*5833 

7*8i6i 

Silicic  acid 

0'8l2I 

I  2840 

0*6000 

02134 

0*0861 

Sand 

0299I 

0*5000 

0*1000 

07722 

04154 

Oxide  of  iron 

0*1266 

0'i63i 

00920 

01030 

0*0431 

Protoxide  of  manganese... 

00031 

traces 

traces 

traces. 

traces 

Alumina     ... 

• 

05786 

0*0802 

0*0504 

01359 

01736 

Lame 

ooiog 

03055 

0*5178 

traces 

traces 

Magnesia  ... 

06080 

traces 

traces 

traces 

traces 

Potash 

01801 

0*2551 

0*5178 

0*6140 

04134 

Ammonia  ... 

2*9891 

3*5165 

3*5169 

3*7659 

30890 

Soda 

00029 

traces 

traces 

traces 

traces 

• 

Chloride  of  sodium 

0*1012 

00595 

00401 

01671 

0'032I 

Organic  substances  and  loss 

0*0918 

OOIOI 

OOIOI 

— 

0*0449 

100*0000    100*0000    lOO'OOOO    lOO'OOOO    lOO'OOOO 


^S^Jldc^Add.***  l^e  boracic  acid  crj'stallises  in  mother-of-pearl-like  leaves, 
wliich  at  100'  C.  lose  half  their  water  of  crystallisation  without  melting,  the  other 
half  being  driven  off  at  a  red-heat.  After  cooling  the  anhydrous  acid  appears  as  a 
hard,  transparent,  brittle  glass  of  1*83  sp.  gr.  i  part  boracic  acid  dissolves  in  256 
parts  water  at  15°  C,  and  in  2-9  parts  at  100°  C.  At  8°  a  saturated  solution  has  a 
sp.  gr.  of  1*014.    It  imparts  a  green  colour  to  the  flame  of  the  spirit-lamp.    In  a 
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chemical  point  of  view  it  is  similar  to  silicic  acid,  Boracic  acid  is  largely  used  in 
the  preparation  of  horax,  for  glazing  porcelain,  and  mixed  in  a  weak  aqueous  solu- 
tion with  sulphuric  acid  in  the  preparation  of  the  wicks  of  stearine  and  paraffin 
candles.  It  is  also  used  for  colouring  gold,  for  decorating  iron  and  steel,  in  tlie 
preparation  of  flint-glass,  and  artificial  precious  stones.  In  1859  horacic  acid  was 
used  in  the  preparation  of  hydrated  oxide  of  chromium,  known  under  the  name  of 
Pannetier's-green,  Vert-Ouignet^  Ac. 
Bonx.  Borax,  of  bi-borate  of  soda,  when  anhydrous  according  to  the  formula 
NaaB407,  contains  in  100  parts : — 

Anhydrous  boracic  acid  (B2O3)      69  05 

Soda  (Na^O)     30*95 


100*00 

It  is  found  native  in  Alpine  lakes,  on  the  snow-capped  mountains  of  India,  China, 
Persia,  in  Ceylon,  and  Great  Thibet.  It  is  found  in  large  quantity  at  Potosi  in 
Bolivia,  where  the  Borax  Lake,  according  to  Moore's  analysis  (1870)  contains  in  i  litre 
of  its  water  (sp.  gr.  =  1027),  3'9^  grammes  of  borax.  Pyramid  Lake,  Humboldt  Co., 
Nevada,  yields  also  large  quantities.  By  the  heat  of  the  sun  the  water  of  the  borax 
lakes  is  evaporated  and  the  borax  crystallises  out,  and  is  gathered  and  brought  into 
commerce  under  the  name  of  Tincal.  It  appears  in  small  six-sided  crystals,  more  or 
less  smooth.  The  Clear  Lake  in  Califomia,  to  the  north  of  San  Francisco,  yields 
daily  2000  kilos,  of  borax. 

Formerly  tincal  was  purified  by  washing  in  water  containing  soda  to  free  the 
borax  from  adhering  fatty  substances  which  combine  with  the  soda  to  form  an 
almost  insoluble  soap.  After  the  borax  has  been  well  washed  it  is  dissolved  in 
boiling- water ;  for  each  100  parts  of  refined  salts  there  are  12  parts  of  carbonate  of 
soda.  The  solution  is  next  filtered,  and  then  evaporated  to  18°  to  20^  B.  It  is  now 
placed  in  wooden  crystallising  vessels  lined  with  lead,  where  it  is  necessary  to  allow 
the  fluid  to  cool  gradually.  Another  method  is  to  place  the  tincal  in  cold  water,  and 
to  stir  in  i  per  cent  of  caustic  lime.  The  fatty  substances  are  thus  removed,  com- 
bining with  the  lime  to  form  an  insoluble  calcium  soap.  2  per  cent  of  chloride  of 
calcium  is  added  to  the  fluid,  which  is  next  evaporated,  and  set  to  crystallise. 
Clouet  recommends  the  powdering  of  the  tincal,  which  is  next  mixed  with  10  per 
cent  nitrate  of  soda,  and  calcined  in  a  cast-iron  pan,  the  fatty  substances  being  thus 
destroyed.  The  calcined  mass  is  dissolved  in  water,  and  the  solution  evaporated  to 
crystallisation. 

Bonx  from  Boneto  Add.  In  1818  the  manufacture  of  borax  from  boracic  acid  was  com- 
menced, and  since  that  time  borax  has  sunk  to  three-fourths  its  former  price.  Both 
according  to  the  proportion  of  water  and  the  crystalline  form,  there  may  be  consi- 
dered two  varieties  of  borax,  i.  The  ordinary  or  prismatic  borax ;  2.  Octahedral 
borax.    The  prismatic  borax  (NaaB407-f  loHaO)  contains  in  100  parts : — 

Boracic  acid        366 

ooua   •••   •••   •••   •••   •••   «aa   ,.,   .,,   ,,,   10*2 

Water  of  crystallisation    472 

100*0 
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The  octahedral  borax  (Na,B40,+5HaO)  contains  in 
BoTocic  acid  I 

Soda  f     

Water 


o  parts: — 
...  69-36 
...    3064 


Prismatia  borax  ii  mannfaeltued  in  the  following  manner : — There  are  diuolved  hi  a 
lead-lined  Tessel,  t,  Fig.  1 18,  16  ewta.  of  crystallieed  oarbonate  of  soda  in  abont  1500  litres 
of  water,  heated  by  msaua  of  steam,  to  the  boiling-point.  The  boiler,  c,  ia  for  the 
purpose  only  of  generating  steam,  which  is  passed  by  the  pipe,  e,  and  the  rose,  li,  iiilo  .t. 


By  means  of  the  targe  taps,  b  and  r,  the  Quid  may  ba  remored  from  k.  Through  ib» 
tnbe  a  the  sabstanees  thrown  down  from  the  eolation  can  be  remoTed.  Boraeio  add  is 
added  in  qnanUtiee  of  S  to  10  lbs.  after  the  solution  has  been  heated  to  the  boilhig-point. 
Besides  carbonie  add  a  imall  qnantity  of  oarbonate  of  ammonia  i«  developed,  and  passes 
b;  o  into  the  Tesiel  d,  containing  dUate  salphario  acid,  by  whioh  it  ia  absorbed.  To 
■atnrate  the  solntion  of  26  ewts.  of  soda,  14  owts.  of  cmde  borado  aoid  are  neoeasaiT. 
The  boiling  satnrated  solntion  marks  ii*  to  ai*  B.,  and  has  a  temperature  ol  104*.    If 
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tha  BolntioD  Is  too  BttT»e,  mtar  is  addod;  it  too  woalc,  a  smsll  quantity  of  cmtTs 
borai,  to  bring  it  to  ii°  B.  The  Bolation  is  aUotrod  to  Ktaad  la  a  until  nil  utBolnble  aub- 
Btoaoei  are  depositad.  The  oleur  ley  it  oonduoted  by  meaoa  ol  the  tap,  r,  into  the  0179- 
ttdliaing  TOBselB,  i  r,  the  mod  ot  depoeit  boiag  reoeived  into  s.  The  ocyBtolKstng  TeHnelit 
are  of  wood  lined  with  lead.  Tho  oryBtalliBatton  is  complete  in  tiro  to  three  days,  and 
the  motber-Uqnor  is  drawn  ofl  into  tbe  veeeel  a.  The  aiyiftals  are  planed  to  drain  on  the 
iueliiied  plane,  M.  The  mother-Uquer  is  retained  for  the  dilation  of  a  fresh  qnantity  of 
■ods.  Aifter  three  or  fonr  oparationa,  tbe  mother- liquor  contains  HOffioient  anlpbate  ot 
■oda  to  admit  of  profitable  oiyst^isation  ;  and  the  lay  is  allowed  to  cool  at  30".  As  the 
Bolability  of  sulphate  of  soda  baa  reached  the  maximam  at  a  temperature  of  33°,  it  is  clear 
that  the  oryst^lisatioQ  of  tbe  Biilpbate  oominonoe!!  at  the  coiupletieu  ot  that  of  the 
borax.  After  tbe  crystallisation  of  tbe  sulphate  of  soda,  the  mother-liqaor  is  eTaporated 
to  dryness,  and  the  saline  residuu  is  sold  to  the  glass-manufacturer. 

pmujiii,  uu  Boru.  The  CTude  bomx  to  be  purified  is  placed  in  a,  lead-lined  wooden 
cistern,  a.  Fig,  119,  heated  hy  atcnm.  The  borax  is  snapondcd  in  a.  wire  sieve 
immediately  under  the  aurface  of  the  water  with  which  a  ia  filled.  To  100  jmrta 
of  borax,  5  piirtA  of  etystallised  carbonate  of  soda  ore  added,  and  the  liquid 


is  Btreugthened  from  time  to  time  till  it  maiks  za^  B  Wben  tho  solution  19 
settled  it  is  removed  hy  the  tap  to  the  cooler,  b  To  prevent  loss  of  ley,  tlie 
ftaor  tindCT  b  is  stippled  with  waterproof  cement,  and  sloped  towards  a  f,'utter. 
The  cryBtalliaing  vessel  is  of  thick  timbere,  hpm,  Uned  etoutlj  «ith  lead;  lliia 
vessel  is  fUled  with  ley  to  witliiu  an  inch  of  the  edge,  the  cover  being  then  placed  on. 
l^e  steam  condenses  on  the  cover,,  which  when  removed  is  found  covered  with 
small  crystals,  the  larger  crystals  falling  to  the  bottom  of  the  vesael.  To  hasten  tlie 
cooling,  spaces  are  left  in  timbers,  t ;  hut  the  ciystallisatiou  is  not  eETeeted  iindiT 
16  to  28  days.  After  this  time  the  ley  still  has  a  temperature  of  27°  to  38°  C.  When 
quite  cool  the  foreign  substances  separate  from  the  borax.  The  vessel,  n,  contnin» 
the  large  borax  crystals  from  which  the  adhering  mother-Uquor  is  separated  by  it 
(^wnge.  If  the  cryslola  are  not  Uiua  carefully  treated,  they  split  into  tliin  leaves ; 
for  tliia  reason  also  the  cooling  should  be  gradual.  The  crystals  are  dried  on 
a  wooden  table,  finally  sorted,  and  packed. 

In  England  borax  ia  prepared  from  boracic  acid  in  the  following  manner  r — The 
crude  boracic  acid  ia  mixed  with  half  Ua  weight  of  calcined  soda  and  submitted 
to  the  action  of  heat  io  a  muffle-oven.  Tlie  ammonia,  whicli  as  sulphate  is  lui 
important  constituent  of  crude  boracic  acid,  is,  with  carbonic  acid,  given  off  during 
the  process,  and  passes  through  a  tube  to  a  condensing  chamber.  The  melted  roasB 
is  removed,  and  lixiviated  in  an  iron  pan;  the  Hispended  matter  is  allowed  to  settle. 
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and  the  clear  liquor  is  pnt  into  smaller  vessels  to  cool,  in  which  beautiful  crystals 
form.  It  has  already  been  mentioned  that  this  manufacture  had  its  origin  in 
France,  where  sulphuric  vapours  were  employed.  A  mixture  of  calcined  Glauber 
salts  and  boracic  acid  were  placed  in  a  retort  and  subjected  to  distillation,  the 
residue  on  lixiviation  and  crystallisation  yielding  borax.  Kohnke  substitutes 
caustic  soda  for  the  carbonate  of  soda,  tlie  borax  crystallising  from  a  very  alkaline 
solution. 

Recently  borax  has  been  obtained  from  native  borate  of  calcimn,  tiza  or  borocalcitey 
(formula,  acoording  to  Wohler,  NaaB407  +  2CaB407+i8HaO),  which  occurs  in  large  quan- 
iitios  at  Tarapaoa  in  Peru,  and  in  Western  Africa.  Treatment  with  sulphuric  acid  gives 
only  unsatisfactory  results,  and  hydrochloric  acid  is  therefore  employed.  The  acid 
is  poured  upon  the  mineral  to  two-thirds  of  its  weight  with  twice  the  quantity  of  water^ 
and  the  whole  heated  to  the  boiling-point,  and  allowed  to  digest.  The  heat  must  be  main- 
tained to  the  completion  of  the  digestion,  and  the  water  lost  by  evaporation  re-supplied. 
Tho  clear  liquor  is  then  decanted,  and  on  cooling  the  boracic  acid  crystallises  out, 
the  mother-liquor  retaining  chloride  of  sodium,  chloride  of  calcium,  with  a  slight  excess 
of  hydrochloric  acid.  Stassfurt  boracite  or  Stassfurtite,  is  also  becoming  largely  used  in 
the  preparation  of  borax. 

The  prismatic  borax  is  colourless  and  forms  transparent  crystals  of  175  sp.  gr., 
dissolved  in  12  parts  cold  and  2  parts  boiling  water,  the  solution  having  a  weak  alkaUne 
reaction  upon  test-paper,  although  borax  is  an  acid  salt.  By  exposure  to  the  air  it  loses 
water.  At  a  moderate  heat  it  separates  into  a  spongy  mass  known  as  calcined  borax,  and 
at  a  red-heat  assumes  a  glassy  appearance ;  in  this  condition  it  is  used  as  a  blowpipe 
flux. 

ocubedrai Borax.      Octahedral  borax  (NaaB407+5HaO),  is  prepared  in  the  following 

manner: — Prismatic  borax  is  dissolved  in  boiling  water  till  the  solution  marks 

30**  B.= 1*260  sp.  gr.    This  solution  is  then  allowed  to  cool  very  slowly.    When  the 

temperature  has  fallen  to  79°  C,  the  octahedral  crystals  begin  to  form,  the  formation 

continuing  till  tlie  temperature  reaches  56**.    After  this  the  mother-ley  yields  only 

prismatic  crystals.     Unless  great  care  be  taken,  a  mixed  crystallisation  results. 

Buran  recommends  the  preparation  of  octahedral  borax  by  evaporating  a  borax 

solution  to  32  B.=i'282  sp.  gr.,  when  it  is  removed  to  a  crystallising  vessel.   When 

10  cwts.  of  borax  are  operated  upon,  the  process  will  take  six  days  to  complete.   The 

prismatic  and  octahedral  salt  crystallises  in  distinct  layers  tliat  can  be  separated 

mechanically.     Indian  borax  and   Chinese  half-refined  borax  sometimes  contain 

octaliedral    crystals.      Octahedral    borax    is    kno\\Ti  in   French  commerce  under 

the  names  of  calcined  l)orax,  jeweller's  borax,  surface  borax,  &c.     It  is  distinguished 

from  prismatic  borax  by  its  crj^stalline  form  and  the  proportion  of  water  contained, 

by  its  sp.  gr.  =  i'8i,  and  its  greater  hardness.    Wliile  the  prismatic  borax  remains 

unaffected  in  transparency  by  exposure  to  air,  the  octahedral  borax  rapidly  becomes 

opaque,  and  absorbing  five  equivalents  of  water  is  converted  into  the  prismatic  salt. 

ums  of  Borax.  The  UBCS  of  borax  are  very  numerous,  ^olten  borax  has  the  property,  at 
high  temperatures,  of  fluxing  metallic  oxides,  vitrifying  with  them  into  coloured  transpa- 
rent glasses  ;  for  instance,  with  protoxide  of  cobalt  a  blue  glass  is  formed,  and  with  oxide 
of  chromium  a  green  glass.  This  property  is  of  great  utiHty  in  chemical  analysis,  as  the 
various  metallic  oxides  may  be  thus  distinguished  in  the  blowpipe  flame.  It  is  also  used 
for  soldering  mettds;  and  is  a  constituent  of  £»frair«,  used  in  glass-manufacture  and 
enamelling.  It  is  used  extensively  in  glazing  the  finer  kinds  of  earthenware,  and  for 
separating  metals  from  their  ores.  Borax  forms  with  shellac  in  proportion  of  i  part  to 
5  parts  a  pecuUar  varnish,  soluble  in  water,  and  used  when  mixed  with  aniline  black 
to  stiffen  felt  hats.  With  casein  it  gives  a  fluid  resembling  a  solution  of  gum-arabic,  for 
which  it  is  often  substituted.  Borax  is  made  into  a  soap  for  washing  purposes,  into 
a  solution  for  cleansing  the  hair,  and  it  is  also  used  in  various  cosmetics,  &o.  It  is 
largely  employed  to  fix  mineral  mordants.  According  to  Clouet,  a  mixture  of  boracio 
acid  and  nitrate  of  potash  or  soda  is  in  many  cases  a  better  flux  than  borax.  He  recom- 
mends 100  parts  boracio  aoid  and  100  parts  of  the  nitrate  to  be  placed  in  an  enamelled 
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iron  kettle  with  xo  per  cent  water  and  heated  till  fluid.  When  eooled,  flat  white  crystals 
are  formed ;  those  made  with  nitrate  of  potash  can  be  osed  for  crystal-glass  mannfaiotnre, 
and  those  with  nitrate  of  soda  for  enamelling.  Borate  of  chromium  is  known  in  ooni' 
merce  as  Vert-Ouignet  or  Pannetier*s  green. 
DiAmondBoron. or  Wohler  and  H.  Deville  in  1857  were  the  first  to  notice  that  boron. 
AiUmanUae.'  forms  similarly  to  carbon  in  two  allotropic  conditions,  namely  crystalline  * 
and  amorphous.  Diamond  boron  is  prepared  in  two  ways,  either  by  the  reduction  of 
calcined  borax  with  aluminium : — 


Boracic  acid,  BjOa, )    -„*^i  j-    i  Alumina,  AI2O3, 
Aluminium,  aA,      /    ^^^^^    (Boron,  2B; 


or  by  converting  amorphous  boron  into  crystalline.  The  latter  method  gives  the  better  result. 
100  grms.  of  a^ydrous  boracic  acid  are  mixed  with  60  grms.  of  sodium  in  a  small  iron 
crucible  heated  to  a  red-heat.  To  this  mixture  40  to  50  grms.  of  common  salt  are  added, 
and  the  crucible  is  luted  down.  As  soon  as  the  reaction  is  finished,  the  mass,  consisting 
of  amorphous  boron  with  boracic  acid,  borax,  and  common  salt  intermingled,  is  stirred 
into  water  acidified  with  hydrochloric  acid.  The  boron  is  filtered  out,  washed  with  a 
weak  solution  of  hydrochloric  acid,  and  placed  upon  a  porous  stone  to  dry  at  the  ordinary 
temperature.  Molten  iron,  it  is  well  known,  converts  amorphous  carbon  into  crystalline 
graphitic  carbon,  and  aluminium  exercises  a  similar  action  upon  boron.  The  crystalline 
boron  is  prepared  in  the  following  manner : — A  small  crucible  is  fiUed  with  amorphous 
boron,  in  the  centre  of  which  a  small  bar  of  aluminium  weighing  4  to  6  grms.  is  placed. 
The  crucible  is  submitted  to  a  temperature  sufficient  to  melt  nickel  for  li  to  2  hours. 
After  cooling  the  aluminium  will  be  found  covered  with  beautiful  crystals  of  boron.  The 
diamond  boron  is  easily  separated  from  the  graphitold.  The  former  is  a  transparent 
tetragonal  crystal,  of  a  garnet-red  or  honey-yellow  colour,  or,  if  perfectly  pure,  colourless. 
It  is  very  brittle,  hard,  and  lustrous  ;  it  will  scratch  rubies  easily.  This  discovery  may 
in  time  be  of  great  technical  importance. 

Pboduction  of  Aluh,  Sulphates  op  Alumina,  and  Aluminates. 

Atam.  Alum  is  a  saline  substance,  consisting  of  sulphate  of  alumina,  sulphate 
of  potash  or  ammonia,  and  water  of  crystallisation.  It  occurs  native  as  potash- 
alum  and  as  ammonia-alum,  being,  in  fact,  a  double  salt,  consisting  of  either  sulphate 
of  alumina  and  sulphate  of  potash,  or  sulphate  of  alumina  and  sulphate  of  ammonia. 

The  alum  known  as  xwtash-alum,  v^^  [  4SO4-I-24H2O,  is  found  in  alum-shale.   But 

all  natural  alums  are  of  more  mineralogical  Uian  technical  interest,  the  alums  of 
commerce  being  always  artificially  prepared.  We  shall,  therefore,  pass  on  to  the 
consideration  of  the  latter. 

^uSSuLiS^  The  manufacture  of  alum  grounds  itself  on  the  formation  of  sulphate 
of  alumina  and  aluminate  of  soda  from  the  various  alura-ores.  These  ores^or 
earths  necessitating  different  methods  of  treatment,^  may  be  divided  into  four 
groups,  viz : — 

1.  Those  which  contain  alumina,  potassa,  and  sulphuric  acid  in  such  proportions  that 
the  addition  of  an  alkaline  salt  is  not  requisite.  To  this  group  belongs  alum-stone,  and 
several  varieties  of  alum-shale. 

2.  Those  in  which  the  sulphate  of  alumina  is  alone  present,  necessitating  the  addition 
of  alkali  salts  in  large  quantities.  To  this  group  belong  the  alum-shale  and  alum-earths 
found  in  the  brown-coal  formation. 

3.  Those  in  which  alumina  only  is  contained,  and  to  which  both  sulphuric  acid  and 
alkali  salts  must  be  added.  To  this  group  belong--a.  Clay ;  /3.  Cryolite ;  7.  Bauxite ; 
i,  Befuse  slack. 

4.  To  the  fourth  group  belong  those  materials,  such  as  felspar,  containing  alumina 
and  potash  in  sufficient  quantity,  but  needing  the  addition  of  sulphuric  acid. 


*  Graphitic  boron  is  by  a  later  discovery  of  Wohler^s  (1867)  i^s^l^o^  ^^^  boracic- 
aluminium ;  formula,  AlB^. 
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^^frSS^AiSm^/toSS"  ^**  Group. — Alum-stone  or  alunite  occnrs  only  in  volcanic 
regions,  and  is  the  product  of  the  action  of  the  sulphurous  vapours  upon  sub- 
stances rich  in  felspar.  It  is  found  at  Tolfa,  near  Givita-Vecchia,  and  in  large 
quantities  at  Muszag,  in  Hungary.  The  crystallised  alum-stone  consists  of  sulphates 
of  potash  and  alumina  with  hydroxide  of  aluminium,  according  to  Al.  Mitscherlich — 
KaS04+Ala(S04)3+2(Ala03,3HaO). 

Alum-stone  loses  its  water  at  a  red-heat,  the  product  of  the  calcination  being  influenced 
by  water,  while  unbumt  alum-stone  is  not.  At  a  strong  red-heat  the  sulphate  of  alumina 
separates  into  alumina,  sulphurous  acid,  and  oxygen,  and  the  sulphate  of  potash  is  also 
decomposed.  The  mineral  is  calcined  in  Ume-kilns  in  the  ordinary  manner.  The  calcined 
alum-stone  is  lixiviated  with  boiling  water,  the  supernatant  liquor  decanted,  and  the 
alum  crystallised  out.  Boman,  rook,  or  roohe  alum  is  prepared  in  a  similar  manner,  the 
red  colour  being  due  to  peroxide  of  iron. 

Piepanuon  of  Aiam  from  2nd  Oroup. — This  modo  of  pnparatiou  yields  the  greatest 
and  Aiom-earihs.        amouut  of  alum  with  as  much  facility  as  from  alum-stone. 

Aimn-diAie.  Alum-shalc  or  schist  is  a  sulphurous  iron  pyrites,  found  under  beds  of 
clay  in  Upper  Bavaria,  in  Prussia,  near  Diisseldorf,  Saxony,  Bohemia,  Belgium,  &c. 
Only  very  inferior  kinds  require  an  addition  of  alkali  salts. 

Ainm  Earths.  Alum-carth  is  more  or  less  a  mixture  of  sulphurous  iron  pyrites  with 
various  bituminous  matters.  The  sulphur  is  present  partly  in  free  state,  partly  as 
iron  and  vitriol  pyrites ;  tlie  iron  is  present  partly  as  sulphuret,  partly  as  iron 
humate. 

PrepanUon  of  Aiam.      Tlic  preparation  of  the  alum  may  be  considered  in  the  following 

six  operations : — 

Roasting  the  Ainm-Eartb.  I.  The  roasting  of  the  alum  earths  is  the  easiest  of  the  opera* 
tions.  The  greater  part  of  the  alum  manufactured  is  produced  by  precipitating 
sulphate  of  alumina  with  a  solution  of  alkali  salts.  It  is  not  always  necessary  the  schist 
should  be  burnt  to  concentrate  the  sulphate  of  alumina,  a  lengthy  weathering  being 
sufficient.  The  action  may  be  explained  as  follows  : — By  the  weathering  the  bisulphide 
of  iron  absorbs  oxygen,  to  form  sulphate  of  iron,  which  separates  into  protoxide  of  iron 
and  sulphuric  acid,  the  latter  acting  upon  the  alumina  forming  an  equivalent  quantity  of 
sulphate  of  alumina.  Or  by  roasting,  the  bisulphide  is  decomposed  to  monosulphide 
and  sulphur,  which,  with  the  sulphur  of  the  alum-earth,  gives  rise  to  sulphurous  acid, 
and  this  acting  upon  the  alumina  produces  sulphite  of  alumina  and  also  the  sulphate.  The 
roasting  or  calcination,  however,  should  not  take  place  with  earths  that  have  been 
subjected  to  less  than  a  year's  weathering,  as  there  is  found  to  be  in  practice  a  Iosr  of 
one-sixth  of  the  sulphate  of  alumina. 

uxiTiation.  2.  The  Uxiviation  of  the  calcined  alum  earths  is  effected  in  a  lixiviation 
cistern  in  which  the  earth  is  placed.  These  tanks  stand  in  rows  of  five,  the  best  arrange- 
ment being  to  build  them  on  a  slope  near  the  calcination  heaps.  Each  vessel  has  a 
length  of  6  to  7  metres,  is  5  metres  broad,  and  about  1*3  metres  in  height.  They  are 
three-parts  filled  with  the  burnt  earth,  and  completely  with  water ;  the  lixivium  flows 
from  the  highest  tank  to  the  lowest.    If  the  ley  is  not  of  i'i6  sp.  gr.  fresh  shale  is  added. 

ETaporaUoD  of  the  Ley.  3.  The  concentration  of  the  raw  ley  by  evaporation  is  accomplished  in 
leaden  pans.  These,  however,  deteriorate,  crack,  are  easily  melted,  and  their  place  is  now 
generally  supplied  by  cisterns  of  masonry.  But  most  to  be  preferred  is  Bleibtreu's 
method  of  heating  with  gas,  introduced  in  the  alum-works  on  the  banks  of  the  Bhine. 
The  treatment  of  the  raw  ley  while  being  concentrated  depends  upon  its  condition  and 
upon  the  sulphate  of  iron  it  contains.  As  sulphate  of  iron  is  commonly  present  in  large 
quantities  in  the  raw  ley  or  liquor,  many  of  the  German  alum-works  are  also  vitriol-works. 
When,  however,  the  quantity  of  sulphate  of  iron  is  too  small  to  admit  of  being  advantage- 
ously treated  for  the  preparation  of  sulphate  of  iron,  the  liquor  is  at  once  evaporated 
until  it  has  attained  a  sp.  gr.  of  1*40.  During  the  ebullition  basic  sulphate  of  iron  is 
deposited,  the  liquor  becomes  of  yellow-red  colour,  assumes  a  somewhat  slimy  condi- 
tion, and  has  to  be  rendered  clear  before  alum  is  obtained  from  it.  This  clearing  is 
effected  by  pouring  the  liquor  into  large  wooden  water-tight  tanks ;  the  liquor  having 
deposited,  the  suspended  matter  is  tapped  or  syphoned  off  from  the  sediment,  and  trans- 
ferred to  the  precipitation  tanks. 
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Aiam-Fiomr.  4.  The  precipitation  of  flonr  of  alnm  is  effected  in  case  it  is  desired  to 
make  potash-altuu  by  the  addition  to  the  liqaor  of  a  potash  salt,  or  of  an  ammonia  salt 
if  it  is  desired  to  make  ammonia-alum.  The  solution  of  the  idkaline  salt  is  called  the 
precipitant ;  by  the  combination  of  the  sulphate  of  alumina  contained  in  the  liquor  with 
the  precipitant  alum  is  formed,  and  deposited  as  a  solid  salt,  care  being  taken  to  prerent 
the  formation  of  large  crystals  by  keeping  the  liquid  stirred.  By  this  means  the  alum  is 
deposited  as  a  crystalline  powder  or  so-cailed  flour  of  alum,  which  by  being  washed  with 
cold  water  can  be  freed  from  any  adhering  mother-liquor.  The  precipitation  was  formerly 
effected  by  the  addition  of  wood-ash  ley  or  lant ;  at  the  present  day  chloride  of  potassium 
obtained  either  from  kelp,  camallite,  or  beet-root  molasses,  and  sulphate  of  potassa 
derived  from  the  decomposition  of  kainite,  are  employed  for  this  purpose.  Chloride  of 
potassium  is  useful  only  when  the  solution  contains  large  quantities  of  sulphate  of  iron, 
which  being  converted  into  chloride  of  iron  forms  sulphate  of  potassa.  Potash  can  only 
be  used  when  the  ley  contains  enough  free  sulphuric  acid  to  combine  with  the  salt,  for 
otherwise  a  portion  of  the  sulphate  of  alumina  would  become  precipitated  as  insoluble 
alumina.  The  ammonia  salt  made  use  of  is  generally  sulphate  of  ammonia ;  100  parts  of 
sulphate  of  alumina  require  for  precipitation — 

Chloride  of  potassium        43*5  parts, 

Sulphate  of  potassa 50*9     „ 

Sulphate  of  ammonia        47*8     „ 

The  liquor  covering  the  alum -flour  is  somewhat  of  a  green  colour,  and  contains  little 
alum,  but  chiefly  proto-perchloride  of  iron,  sulphates  of  iron,  sulphate  of  magnesia,  or 
chloride  of  magnesium,  dependent  upon  whether  the  precipitation  was  effected  by 
sulphates  or  by  chlorides.  This  liquor  is  used  for  making  impure  alum,  sulphate  of  iron, 
or  is  employed  in  the  preparation  of  sulphate  of  ammonia. 

Washing  and  5*    The  flourj'  aluui  is  generally   washed  in  the  hydro-extractor  or 

Re-cryBtaUiMUon.  centrifugal  machine  and  the  liquor  obtained  again  used  for  preparing 
alum.  The  washed  floury  alum  is  (6)  converted  into  large  crystals  by  re-crystallisation, 
the  alum  at  the  same  time  being  puritied.  For  this  purpose  the  alum  flour  is  dissolved  in 
40  per  cent  of  its  weight  of  boiling  water,  the  operation  being  carried  on  in  wooden  lead- 
lined  tanks.  The  hot  solution  is  run  into  crystallising  vessels,  where  the  crystallisation 
is  finished  according  to  the  temperature  of  the  air  in  eight  to  ten  days.  From  this  operation 
hardly  any  mother-liquor  remains,  the  vessel  being  almost  entirely  filled  with  alum  crystals. 

^*'fr?2°cuy.^'*"      3rJ  Group. — The  manufacture  of  alum  and  of  sulphate  of  alumina 

from  such  materials  as  contain  only  alumina,  to  which  consequently  sulphuric  acid 

and  alkaline  salts  have  to  be  added,  has  come  largely  into  practice  in  England.    The 

materials  employed  are: — a.  Clay;  /3.  Cryolite;  y.  Bauxite;  9.  Blast-furnace  slag. 

o.  Preparation  of  Alum  from  Clay. — The  clay  to  be  employed  for  this  purpose  should 
be  as  free  as  possible  from  carbonates  of  lime  and  iron.  It  is  first  gently  heated  in 
contact  with  air,  partly  with  the  view  of  dehydratation,  partly  for  the  purpose  of  converting 
any  iron  into  oxide,  and  lastly  to  render  the  clay  more  readily  soluble  in  acids.  By 
dehydratation  the  clay  becomes  porous  and  fit  to  take  up  siilphurio  acid  by  capil- 
larity. The  gently  ignited  and  powdered  clay  is  gradually  put  into  sulphuric  acid  of  50"  B. 
(=  1*52  sp.  gr.)  contained  in  a  leaden  pan,  and  heated  nearly  to  the  boiling-point.  The 
mass  effervesces  and  becomes  thick,  and  is  next  transferred  to  iron  tanks,  where  it 
solidifies.  It  is  afterwards  lixiviated  with  water,  or  better,  with  the  liquor  obtained  by 
washing  the  alum-flour.  The  lixivium  ba\'ing  become  clear  by  standing  is  syphoned  off 
from  the  sediment,  and  boiled  with  a  sufficient  quantity  of  bisulphate  of  potash  or 
sulphate  of  ammonia  from  gas-liquor.  The  hot  solution  is  transferred  to  a  shallow 
leaden  pan,  and  kept  stirred  for  the  purpose  of  converting  the  alum  on  solidifying  into 
flour.  The  flour  is  washed,  dried,  and  is  then  converted  into  large  crystals  as  described 
above.  The  product  known  in  the  trade  as  alum-cake  is  the  result  of  the  action  of 
sulphuric  acid  upon  clay ;  it  is  met  with  in  a  pulverised  state,  is  used  more  especially 
in  the  manufacture  of  inferior  kinds  of  paper,  and  contains  from  13  to  17  per  cent  of 
alumina. 

^'"'Fr^"ci^?util"™       ^-  Since  tlie  year  1857  ^1"™  ^^^  sulphate  of  alumina  have  been 
prepared  along  with  soda,  ftom  the  mineral  known  as  cr}*olite  or  Greenland  spar, 
AlgFlc+GNaFl,  and  consisting  in  100  parts  of — 

A.  luonxie        •••      •••      •«.      •••      •«.      .«•      •.•      3  i  3 

Aluminium 130 

l3UvLl  lilll  •  ••         •••         •••         •«•         •••         •••         •••         •••        2)3 
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The  following  ard  the  methods  employed  for  this  purpose : — 

a.  Decomposition  of  Cryolite  by  Ignition  with  Carbonate  of  Lime  according  to  Thomsen^t 
Method, — I  moleonle  of  cryolite  is  ignited  with  6  moleoales  of  carbonate  of  lime,  oarbonio 
acid  escapes,  and  soluble  alominate  of  soda  and  insolable  fluoride  of  calcium  are  formed 
(AlaFl6,6NaFl)+6CaC03=AlaOp,3Na«0-f6CaFl+6C02.  From  the  ignited  mass  the 
aluminate  of  soda  is  obtained  by  liziviation  with  water,  and  into  the  solution  carbonic 
acid  gas  is  passed.  The  result  is  the  precipitation  of  hydrated  gelatinous  alumina 
and  carbonate  of  soda,  which  remains  in  solution.  If  it  be  desired  to  obtain  the  alumina 
as  an  earthy  compact  precipitate,  bicarbonate  of  soda  is  used  as  a  precipitant  instead  of 
carbonic  acid.  While  the  clear  liquor  is  boiled  down  for  the  purpose  of  obtaining 
carbonate  of  soda,  the  precipitated  alumina  is  dissolved  in  dilute  sulphuric  acid ;  this 
solution  is  evaporated  for  the  purpose  of  obtaining  sulphate  of  alumina  (so-called  concen* 
trated  alum),  or  the  solution  after  having  been  treated  with  a  potassa  or  ammonia  salt  is 
converted  into  alum.  lOo  lbs.  of  cryolite  yield  33  lbs.  of  alumina,  which  require  90  lbs.  of 
sulphuric  acid  to  yield  a  neutral  solution ;  100  lbs.  of  cryolite  will  therefore  yield  305  lbs. 
of  alum,  and  may  give  in  addition  : — 

Calcined  soda 75*0  lbs.,  or 

Crystallised  carbonate  of  soda     . .     . .  203*0  „     or 

Caustic  soda 44*0  „      or 

Bicarbonate  of  soda       ii9'5   t» 

5.  Decomposition  of  Cryolite  with  Caustic  Lime  by  the  Wet  Way  (Sauerwein^s  Method). — 
Very  finely  ground  cryolite  is  boiled  with  water  and  Ume,  the  purer  the  better,  and  as  free 
from  iron  as  possible,  in  a  leaden  pan.  The  result  is  the  formation  of  a  solution  of 
aluminate  of  soda  and  insoluble  fluoride  of  calcium, 

(Al2Fl6,6NaFl)  +  6CaO  =  Al203,3Na20 + dCaFl,. 
When  the  fluoride  of  calcium  has  been  deposited,  the  clear  liquid  is  decanted,  and  the 
Bediment  washed,  the  first  wash-water  being  added  to  the  decanted  liquor,  and  the  second 
and  third  wash-waters  being  used  instead  of  pure  water  at  a  subsequent  operation.  In 
order  to  separate  the  alumina  from  the  solution  of  aluminate  of  soda,  there  is  added  to  the 
liquid  while  being  continuously  stirred,  very  finely  pulverised  cryolite  in  excess,  the  result 
of  the  decomposition  being  exhibited  by  the  following  formula : — 

(Ala03,3NaaO)  -I-  (AlaFl6,6NaFl)  =  2  AlaO,  -|-  i2NaFL 
When  no  more  caustic  soda  can  be  detected  in  the  liqmd — a  small  quantity  of  which 
should,  after  filtration,  yield,  upon  the  addition  of  a  solution  of  sal-ammoniac  and  appli- 
cation of  heat,  a  precipitate  of  alumina — it  is  left  to  stand  for  the  purpose  of  becoming 
clear.  The  clarified  solution  of  fluoride  of  sodium  is  then  drawn  off,  and  the  alumina 
treated  as  above  described.  The  solution  of  fluoride  of  sodium  having  been  boiled  with 
caustic  lime  yields  a  caustic  soda  solution  which,  having  been  decantedfrom  the  sediment  of 
fluoride  of  calcium,  is  evaporated  to  dryness.  Recently  the  fluoride  of  calcium  obtained 
as  a  by-product  of  the  cryolite  industry  is  used  in  glass-making. 

e.  The  decomposition  of  cryolite  by  sulphuric  acid  yields  sulphate  of  soda,  convertible 
into  carbonate  by  Leblanc's  process,  and  sulphate  of  alumina  free  from  iron.  238  parts 
of  cryolite  require  for  decomposition  240  parts  of  anhydrous  or  321  parts  of  ordinary  sul- 
phuric acid.  The  resulting  compounds  are  sulphate  of  alumina,  sulphate  of  soda,  and 
hydrofluoric  acid : — 

( Ala(S0^3. 


AlaFl6,6NaFl,|     .  ,,  i^^^^^.'' 
6HaS04,  )  ^'^^  \\^^^' 


This  method  of  decomposing  cryolite  is,  however,  by  no  means  to  be  recommended,  as 
owing  to  the  liberation  of  hvdrofluoric  acid,  peculiarly  constructed  apparatus  are  required ; 
while  the  sulphate  of  soda  has  to  be  converted  into  carbonate  of  soda.  Persoz  suggests 
that  cryolite  should  be  treated  in  platinum  vessels  with  three  times  its  weight  of  strong 
sulphuric  acid,  to  be  recovered  with  the  hydrofluoric  acid  by  distillation.  The  solid 
residue  should  be  treated  with  cold  water  m  order  to  dissolve  the  larger  part  of  the 
bisulphate  of  soda  contained  in  the  saline  mass,  from  which  the  anhydrous  sulphate 
of  alumina  is  extracted  with  boilinis;  water,  and  converted  by  the  addition  of  sulphate  of 
potassa  or  ammonia  into  alum  free  from  iron.  The  solution  of  bisulphate  of  soda  having 
been  evaporated  to  drj-ness,  is  employed  for  the  preparation  of  fuming  sulphuric  acid, 
Glauber's  salt  remaining  as  a  residue. 

**^Jm  sJi^'ii^'™  y-  ^^  some  parts  of  Soutliem  France,  in  Calabria,  near  Belfast.  Ire- 
land, and  other  parts  of  Europe,  a  mineral  occurs  consisting  ess<mtially  {60  per  cent) 
of  hydrated  alxmiiua  of  greater  or  less  purity,  termed  bauxiti*,  fro.Ti  the  fact  of 
having  been  first  found  in  the  commune  of  Baux,  in  Franco.    In  order  to  prepare 
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alum  and  sulphate  of  alumina  from  this  mineral  it  is  first  disintegrated^^y 
being  ignited  with  carbonate  of  soda,  or  with  a  mixture  of  sulphate  of  soda  and 
charcoal ;  in  each  instance  the  lixiviation  of  the  ignited  mass  yields  aluminate  of 
soda,  from  which,  by  processes  already  described  under  Cryolite,  alum,  or  sulphate  of 
alumina,  and  soda  are  prepared. 

frSmSIt-FSraice^.  ^-  ^'  Lurmaun  recommends  that  the  slag  be  decomposed  by 
means  of  hydrochloric  acid.  From  the  resulting  solution  of  chloride  of 
aluminiimi  the  alumina  is  precipitated  by  carbonate  of  lime,  any  dissolved 
silica  being  precipitated  at  the  same  time.  The  alumina  is  dissolved  in  sulphuric 
acid,  leaving  the  silica.  loo  kilos,  of  slag  containing  25  per  cent  of  alumina 
yield  180  kilos,  of  alum  and  31  kilos,  of  silica. 

Ahim  from  Feinpar.  ^th  Ofoup. — The  manufacture  of  alum  from  minerals,  (for  instance, 
felspar)  containing  alumina  and  potassa,  is  not  of  any  industrial  importance; 
we  therefore  refer  the  reader  to  what  has  been  said  (see  page  122)  on  the  Prepara- 
tion of  Potassa  Salts  from  Felspar. 

propwtiMof  Alum.      Potash-alum,    tt^I  4S04+24HaO,  orKaS04-fAla(S04)3+24H,0, 

consists  in  100  parts  of: — 

X  oxassa       •••     •••     •••     •••     •••     •••      q  9^ 

Alumina      1083 

Sulphuric  acid 337i 

Yt aier  •••  •••  ••■  •■•  •••  •••  •••  4d  0 

lOOOO 

crystallises  readily  in  regular  octahedra,  loses  at  60**  18  mols.  of  water,  and  fuses  at 

92°  in  its  water  of  crystallisation,  3rielding  a  colourless  fluid  which  retains  its  state  of 

aggregation  for  some  time  after  cooling  before  solidiiying  into  a  crystalline  mass.    At 

a  temperature  a  little  below  red  heat  alum  loses  all  its  water,  becoming  converted 

into  burnt-alum,  alumen*  ustam,  a  white,  porous,  readily  friable  mass.       Whea 

ignited  with  carbonaceous  matter,  air  being  excluded,  potash-alum  forms  a  pyro- 

phoric  compound:— 

100  parts  of  water  at    0°    dissolve    3*9  parts  of  potash-alum. 

20°         „         158 

»,  „  40°         M         31*2  „ 

M  M  100**         „       3600  „  „ 

The  solution  of  alum  in  water  (the  salt  is  insoluble  in  alcohol)  has  an  astringent  sweet 
taste,  and  possesses  an  acid  reaction  so  strong  that  when  alum  is  heated  with  common 
salt  hydroohloric  acid  is  evolved ;  while  a  couccntrated  solution  of  alum  destroys  the  blue 
colour  of  many — not  of  all — artificial  ultramarines. 

Anmumi..Aium.       This  Salt,   /j^j^*  [   4S04+24H20,or  (NH4)aS04-f-Al2(S04)3-f-24HO,  Con- 
sists in  100  parts  of : — 

Ammonia       3*89 

Alumina 11*90 

Sulphuric  acid       35*io 

Water      ..     ..     4811 

lOO'OO 

Ammonia-alum  is  now  far  more  extensively  manufactured  than  potash-alum.  When 
ammonia-alum  is  strongly  heated,  sulphate  of  ammonia,  water,  and  sulphuric  acid  are 
driven  off,  and  alumina  remains. 
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100  parts  of  water  at  o**  dissolye  5*22  parts  of  ammonia-aliim. 
»»  >.  20*       „      13-66  „  „ 

f*  40*      ..      27-27  „  „ 

»  «>  100°       „    421-90  „  „ 

sotUAiom.       The  formula  of  this  salt  is — 

j^[  4S04+24HaO.  or  Na2S04+Ala  (804)3+ 24HaO. 
containing  in  100  parts : — 

l^vUvv  •••  •••  •••         •••         •••         •••  00 

Alumina       11*2 

Sulphuric  acid    34-9 

T w  i»u6f   •••      •••      •••      •••      •••      ■«•     47  * 
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It  is  as  readily  prepared  from  sulphate  of  alumina  and  sulphate  of  soda  as  the  alums 
abready  mentioned,  but  its  solubility  prevents  the  separation  from  the  mother-liquor, 
while  its  solution  when  boiled  loses  the  property  of  crystallising.  As  iron  cannot  be 
removed  from  this  salt  by  re-crystallisation,  the  materials  it  is  obtained  from  should  be  free 
from  that  metal.  The  solutions  should  be  mixed  cold,  and  gently  evaporated  at  a 
temperature  not  exceeding  60*". 

Neutral  or  cubical  alum  (K2S04-(- ^203,2803)  is  obtained  either  by  adding  to  an  alum 
solution  so  much  carbonate  of  potassa  or  soda  as  will  begin  to  separate  the  alumina,  or  a 
solution  of  alum  is  treated  with  gelatinous  alumina.  By  boiling  12  parts  of  alum  and  i  part 
of  slaked  lime  in  water,  the  same  salt  is  obtained.  This  neutral  salt  is  often  preferred 
in  dyeing  and  calico  printing,  as  it  does  not  affect  certain  colours.  When  ammonia-alum 
is  similarly  treated,  it  also  yields  a  neutral  alum.  Blesser  (a)  and  Schmidt  (6)  found  the 
following  to  be  the  composition  of  cubical  alum  in  100  parts : — 

a.  6. 

Sulphuric  acid 34*52  33*95 

Alumina      11*86  11-48 

Potassa       9*44  9*^4 

Water 4527  45-61 

101*09  100*08 

Al  1 
Insoluble,  or  basic  alum,    ^  [  2SO4,    is  obtained  by  boiling  a  solution  of  alum  with 

hydrate  of  alumina;  it  is  a  white,  insoluble  powder,  and  as  regards  its  composition 
similar  to  alum-stone.    Basic  alum  is  soluble  in  acetic  acid. 

saiphftt«  of  Alumina.  The  active  principle  of  alum  is  evidently  the  sulphate  of 
alumina,  not  the  sulphates  of  potassa  and  ammonia,  the  object  of  the  preparation  of 
the  double  salt  being  simply  the  obtaining  of  a  definite  compound,  wliich,  while  it 
readily  crystallises,  can  be  obtained  in  a  pure  state,  especially  free  from  iron,  a  very 
injurious  ingredient  in  alum  used  in  dyeing  and  calico-printing.  However,  at  the 
present  day,  with  improved  methods  of  manufacture,  sulphate  of  alumina  is  largely 
prepared,  and  of  excellent  quality.  It  is  often  sold  under  the  name  of  concentrated 
'  alum ;  and  occurs  in  the  trade  as  square  cakes.  It  is  white,  somewhat  transparent, 
and  may  be  cut  with  a  knife;  is  readily  soluble  in  water,  contains  always  free 
sulphuric  acid,  and  also  to  some  extent  potassa-  and  soda-alum. 

In  the  pure  state  this  salt  has  the  formula,  Ala  (804)3-^1  SHaO,  and  contains  in  100 
parts — alumina,  1878 ;  sulphuric  acid,  3827 ;  water,  4295 ;  total,  100.  That 
the  composition  of  this  salt  as  met  with  in  commerce  varies  greatly  may  be  inferred 
from  the  following  results  of  Varrentrapp's  analyses  of  different  samples  of  this 
salt: — 

I.  2.  3.  4- 

Alumina 15*3  12*5  15*1  130 

Sulphuric  acid       ...    38*0  30*6  380  340 
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According  to  the  formula,  the  quantity  of  sulphuric  acid  in  these  samples  should 
have  been — 

I.  2.  3.  4. 

35*8  292  433  305 

The  quantity  of  water  even  varies  between  56  and  48  per  cent  for  different 
parts  of  the  same  cake.  Weygand  found  a  sample  of  this  salt  prepared  at  Schwemsal 
to  contain — alumina,  i5'57 ;  sulphuric  acid,  3813;  oxide  of  iron,  115;  potassa, 
062;  water,  4579  parts.  The  sulphate  of  alumina  prepared  from  cryolite  at 
Harburg  contains  about  5  per  cent  of  sulphate  of  soda.  The  results  obtained  in 
the  analyses  by  H.  Fleck  of  various  samples  of  sulphate  of  alumina  are : — 

Sulphate  of  alumina     47*35  5080  51 '63 

Sulphate  of  soda    435  1*24  077 

Free  sulphuric  acid      073  027  — 

Water      47*37  47*47  4^*94 

9980  9978  9934 

Sulphate  of  alumina  is  prepared  either  from  clay,  cryolite,  or  bauxite  by  methods 
already  described.  When  clay  is  employed,  the  iron  has  to  be  removed  from  the  dilute 
solution  of  the  sulphate  of  alumina  by  precipitation  as  Berlin  blue  by  means  of  ferro- 
oyanide  of  potassium.  When  cryolite  is  used,  the  alumina,  separated  from  the  solution 
of  alnminate  of  soda  by  carbonic  acid,  or  powdered  cryoUte,  is  put  into  sulphurio  acid, 
contained  in  a  wooden  lead-lined  tank,  and  heated  to  80°  to  90°,  the  addition  of  the  alumina 
to  the  acid  being  continued  until  solution  ceases  to  take  place.  The  solution  having  been 
clarified  by  standing  for  some  time  is  next  evaporated  in  a  copper  vessel  until  the  salt 
fuses ;  it  is  then  cast  into  moulds.  With  due  care  sulphate  of  (dnmina  may  be  used  in 
dyeing  and  calico-printing,  but  it  cannot  be  altogether  substituted  for  alum,  owing  to  its 
variable  composition. 

Aiaminat«  of  Soda.  Alumiuatc  of  soda  is  now  prepared  on  the  large  scale,  as  it  has 
been  found  to  be  a  useful  form  of  soluble  alumina,  especially  in  dyeing  and  calico- 
printing.  The  preparation  of  this  compound  is  based  upon  the  solubility  of  hy- 
drate of  alumina  in  caustic  potassa  or  soda-ley,  and  the  ready  decomposition  of 
the  solution  by  carbonic  and  acetic  acids,  bicarbonate  and  acetate  of  soda,  sal- 
ammoniac,  &c. 

Aluminate  of  soda  was  first  brought  under  the  notice  of  dyers  by  Macquer  and 
Haussmann  in  18 19,  but  owing  to  the  preparation  being  too  expensive  it  did  not  come 
into  industrial  application  until  comparatively  recently.  We  have  already  described 
the  mode  of  manufacturing  aluminate  of  soda  from  cryolite ;  but  in  Germany — ^the 
chief  seat  of  cryolite  industiy — this  salt  is  not  made  on  the  large  scale ;  in  France 
it  is  manufactured  by  Merle  and  Co.,  at  Alais,  and  in  England  at  the  Washington 
Chemical  Works.  In  France  bauxite,  containing  60  to  75  per  cent  of  alumina,  and 
from  12  to  20  per  cent  of  oxide  of  iron,  is  the  raw  material,  and  is  treated  with 
caustic  or  carbonate  of  soda.  If  caustic  soda  is  used  the  pulverised  mineral  is 
boiled  with  a  solution  of  the  alkali ;  while  if  the  carbonate  is  employed  the  mixture 
is  ignited  in  a  reverberatory  furnace.  In  either  case  aluminate  of  soda  is  produced, 
dissolved — ^in  the  case  of  ignition  the  semi-fused  mass  is  lixiviated  with  water — ^and 
evaporated  to  dryness.  The  salt  met  with  in  commerce  is  a  white  powder  with  a 
green-yellow  hue,  dry  to  the  touch,  and  consisting  of — 

iviumina    •••    •••     •••    •••     •■•     •••    •••    4^ 

^oua  •••   •••   •••   «««   aa>   •«•   •■•   •••   44 

Chloride  of  sodium  and  Glauber's  salt...      8 

100 
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The  formula,  jj  *  [  Oe  would  require : — 

Alumina     5279 

Soda    47*21 

lOOOO 

Alominate  of  soda  is  equally  soluble  in  cold  and  hot  water.  Exposed  to  air  it  absorbs 
moiHture  and  carbonic  acid,  and  consequently  on  being  dissolved  in  water  the  salt  so 
changed  yields  a  turbid  solution,  owing  to  alumina  being  suspended.  The  aqueous  solution 
of  this  salt  is  not  stronger  than  10°  to  12'' B.,  =  1*07  to  1*09  sp.  gr.  According  to  Le 
Chatellier,  DeviUe,  and  Jacquemart,  sulphate  of  alumina  is  the  starting-point  of  the 
preparation  of  the  aluminate  of  soda  by  precipitating  from  the  sulphate  the  alumina, 
and  re-dissolving  the  latter  in  caustic  soda  ley.  Aluminate  of  soda  is  used  in  dyeing 
and  calico-printing ;  further,  for  the  preparation  of  lake  colours,  induration  of  stone, 
and  the  manufacture  of  artiiioial  stone,  and  for  the  saponification  of  fats  in  stearine 
candle  manufacture,  an  alumina  soap  being  first  formed,  which  is  decomposed  by 
acetic  acid  into  acetate  of  alumina  and  free  fatty  acid.  Aluminate  of  soda  is  largely 
used  in  the  preparation  of  an  opaque,  milky -looking  glass,  or  semi-porcelain.  Aluminate  of 
soda  is  a  by-product  of  Balard's  method  of  soda  manufacture  from  bauxite,  Glauber's 
salt,  and  coal ;  this  by-product,  or  rather  product  of  the  second  stage  of  the  process,  is 
decomposed  by  carbonic  acid  into  carbonate  of  soda  and  alumina,  which  is  tlirown  down. 
Tbe  Pennsylvania  Salt  Manufacturing  Company  at  Natrona,  near  Pittsburg,  manufacture 
large  quantities  of  aluminate  of  soda,  which  is  used  in  soap-boiling  under  the  name  of 
natrona  refined  gaponifier. 

umii  of  Alum  anil  of  Owing  to  the  great  affinity  of  the  alumina  contained  in  alum  for 
suiphau  of  Alumina,  textile  fibres,  especially  wool  and  cotton,  alum  is  largely  used  as  a 
mordant  in  dyeing,  except  when  the  tar  colours  are  employed.  Again,  owing  to  the 
affinity  of  alumina  for  many  pigments,  alum  is  employed  in  the  preparation  of  the  lake 
oolours,  combinations  of  active  colouring  principles  with  alumina.  It  is  also  used  in  the 
melting  of  tallow ;  for  hardening  gypsum ;  is  found  in  the  preparation  used  for  sizing 
hand-made  paper,  the  alum  in  this  case  forming  with  the  glue  or  size  an  insoluble  com- 
pound. Alum  with  resin  is  employed  for  the  same  purpose  in  machine-made  paper,  an 
alumina-pinate  being  formed.  It  is  very  largely  used  for  the  preparation  of  acetate  of 
alumina,  and  with  common  salt  in  the  tawing  of  leather.  Alum  is  employed  in  clarifying 
turbid  fluids,  more  especially  water ;  in  this  case  the  alum  takes  up  the  alumina  suspended 
in  the  water,  and  forming  an  insoluble  (basic)  alum  carries  down  organic  and  other 
suspended  impurities.  A  boiling  solution  of  alum,  common  salt,  and  nitrate  of  potassa 
is  used  by  jewellers  for  the  purpose  of  colouring  gold,  th&t  is  to  say,  to  produce  a  film  of 
pore  gold  on  the  alloy,  the  copper  of  which  is  dissolved  by  the  boiling  solution. 

Aeeut«  of  Aitunina.  This  Salt  is  prepared  by  double  decomposition  ;  generally  sulphate  of 
alumina  and  acetate  of  lead  are  used,  and  occasionally  the  acetates  of  baryta  and  lime. 
The  liquor,  separated  by  filtration  from  sulphate  of  lead,  is  gently  evaporated  to  dryness  ; 
the  dry  salt  is  gelatinous,  and  does  not  crystallise,  is  very  hygroscopic,  and  possesses  a 
strongly  astringent  taste.  When  a  solution  of  acetate  of  alumina  is  evaporated  in  con- 
tact with  air,  acetic  acid  is  driven  off,  and  a  basic  acetate,  insoluble  in  water,  formed. 
Commercially  pure  acetate  of  alumina  is  rarely  used,  as  the  so-called  red-liquor,  mordant 
rouge^  consists  of  a  mixture  of  alum,  acetate  of  potassa,  and  sulphate  of  potassa.  When 
it  is  desired  to  prepare  neutral  acetate  of  alumina  from  alum,  to  100  parts  of  acetate  of 
lead  62*6  parts  of  alum  are  required  for  complete  mutual  decomposition ;  but  it  is  more 
advantageous  to  convert  a  solution  of  alum  into  insoluble  alumina  by  means  of 
carbonate  of  soda,  and  to  treat  with  acetic  acid.  Acetate  of  alumina  is  not  an  ordinary 
article  of  commerce,  as  the  salt  is  usually  prepared  by  the  consumers.  Besides  bping 
largely  used  in  dyeing  and  calico-printing,  acetate  of  alumina  is  employed  for  water- 
proofing woollen  fabrics.  Among  the  salts  of  alumina  employed  industrially  are — hypo- 
sulphite of  alumina,  suggested  by  £.  Kopp  as  a  mordant  for  cotton ;  hypochlorite  of 
alumina,  known  as  Wilson's  bleaching-liquor,  and  used  in  bleaching-works ;  sulphite  of 
alumina,  for  the  purpose  of  purifying  beet-root  juice ;  oxalate  of  alumina,  suggested  by 
Dent  and  Brown  for  the  preservation  of  stone,  marble,  dolomite,  &o. 
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Ultramabine. 

uitnunarint.  Under  this  name  is  now  understood  an  artificial  blue  pigment, 
formerly  and  stUl  obtained  in  small  quantities  from  the  lupis  lazuli.  The  quantity 
of  artificial  ultramarine  manufactured  in  Europe  amounts  to  180,000  cwts.  annually. 
Lapis  lazuli  is  a  scarce  mineral,  possessing  a  beautiful  blue  colour.  The  sp.  gr. 
varies  from  275  to  2*95.  The  coarser  pieces  of  this  mineral  are  pulverised,  heated 
to  redness,  and  immediately  dipped  into  water,  then  very  finely  ground,  and  the 

naUtc  uunnutfine.  powder  treated  ^ith  dilute  acetic  acid  to  eliminate  carbonate  of 
lime.  The  powder  is  next  weU  incorporated  with  a  mixture  of  equal  parts  of  resin, 
wax,  linseed-oil,  and  Burgundy -pitch  ;  this  paste  is  kneaded  under  water  until  no 
more  blue  pigment  remains  suspended.  The  quantity  of  ultramarine  obtained 
amounts  to  2  to  3  per  cent.  This  natural  ultramarine  is  highly  prized  for  its  extreme 
beauty,  softness  of  colour,  and  durability,  not  being  aflected  by  light,  oil,  and  lime. 
Chemical  analysis  of  tlie  lapis  lazuli  first  gave  the  clue  to  tlie  true  composition  of 
tliis  material,  and  led,  after  many  unsuccessful  attempts,  to  tlie  preparation  of  artificial 
ultramarine,  not,  however,  by  any  means  equal  to  the  native  pigment,  although  it 
has  driven  smalt  and  otlier  blue  pigments  nearly  out  of  the  market.  Lapis  lazuli 
consists  in  100  parts  of — silica,  45*40;  alumina,  3167;  soda,  909;  sulphuric  acid, 
589;  sulphur,  095 ;  lime,  352;  iron,  o'86 ;  chlorine,  0*42 ;  and  water,  012. 

Ariiflciai  mtnunarine.  Gmellu  first  made  artificial  ultramarine  on  a  very  small  scale  in 
1822;  but  not  before  1828  was  ultramarine  industrially  obtained  by  Guimet,  at 
Lyons.  In  Germany  the  first  manufactories  of  ultramarine  were  established  at 
Wermelskirchen,  in  1836,  by  Dr.  Leverkuss,  and  at  Nuremberg,  in  1838,  by  MM. 
Zeltner  and  Leykauf :  the  manufacture  of  artificial  ultramarine  in  England  is  of 
very  recent  date,  and  is  still  on  a  very  limited  scale.  France  and  Germany  are  the 
countries  where  this  industry  is  most  developed.  Of  late  years  tlie  process  of 
manufacture  has  been  improved  by  R.  Hofimann,  the  manager  of  a  factory  at 
Marienberg,  in  Hessen;  Wilkins,  at  Kaiserslautem ;  Fiirstenau,  at  Coburg;  and 
Gentele,  at  Stockholm. 

Raw  Materials.  Thesc  are — I.  Silicate  of  alumina  as  free  as  possible  from  iron,  a 
good  china  clay,  the  kaolin  of  Cornwall  being  esteemed  the  best ;  2.  Calcined  sul- 
phate of  soda;  3.  Calcined  soda;  4.  Sulphuret  of  sodium,  as  a  by-product  of  the 
manufacture  ;  5.  Sulphur ;  6.  Pulverised  charcoal,  or  pit-coal. 

Porcelain,  or  china-clay,  is  generally  used,  or  a  white  clay,  the  composition  of 
which  is  nearly  the  same.  Small  quantities  of  lime  and  magnesia  have  no  injurious 
effect,  but  tlie  oxide  of  iron  should  not  exceed  i  per  cent.  The  composition  of  tlie 
clay  should  approach  as  nearly  as  possible  to  the  formula  Si207Al2 ;  the  silica  may 
be  combined  or  partly  free.  The  clay  is  washed  with  water  and  treated  in  the  same 
manner  as  for  tlie  making  of  porcelain ;  it  is  next  dried,  ignited,  and  ground  to  a 
very  fine  powder.  The  sulphate  of  soda  should  not  contain  any  free  acid,  lead,  or 
iron.  If  the  sulphate  does  not  possess  the  requisite  qualities  it  is  dissolved  in 
water,  milk  of  lime  being  added  to  neutralise  the  acid  and  to  precipitate  oxide  of 
iron.  The  clear  solution  is  left  to  crystallise ;  and  the  crystals  are  ignited  in  a 
reverbcratory  furnace  and  then  pulverised  by  millwork.  The  clear  solution  is  in 
some  cases  evaporated  to  dryness  and  ignited  in  fron  vessels.  Barium,  but  not 
potassium  salts,  form  ultramarine  (see  "  Chemical  News,"  vol.  xxiii.,  pp.  119, 142,204). 
The  calcined  soda  is  obtained  from  the  alkali  works,  and  should  contain  at  least  90  per 
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cent  of  carbonate  of  soda ;  it  is  also  finely  pulverised.  Very  recently  caustic  soda 
has  been  substituted  in  some  ultramarine  works.  Sulphuret  of  sodium  (NajS)  is 
usually  a  by-product  of  the  process  of  making  ultramarine,  and  is  obtained  either 
in  solution  or  as  a  dry  powder.  The  sulphur  is  used  very  finely  pulverised.  The 
carbonaceous  matter  employed  is  also  in  a  very  fine  powder.  Its  use  was  introduced 
by  Leykauf  for  the  purpose  of  deoxidation.  In  order  to  have  the  carbon  in  as 
finely  divided  state  as  possible  it  is  ground  to  a  pulp  with  water  under  granite  stones ; 
the  pulp  is  lixiviated,  and  the  fine  powder  obtained  dried  and  passed  through  a  sieve : 
in  some  cases  resin  and  pitch  is  employed.  For  those  ultramarines  not  to  have  their 
colour  discharged  by  alum,  pure  silica,  either  as  fine  glass,  sand,  or  pulverised 
quartz  is  used.  Several  substances  are  used  to  reduce  the  depth  of  colour  of 
ultramarine,  viz. — gypsum,  sulphate  of  baryta,  barj^ta- white,  and  flour ;  the  last  is 
employed  in  making  up  washing-blue. 

Maaofaetore  of  uitnuaarin*.  The  mcthods  of  ultramarinc  preparation  may  be  classified, 
according  to  the  crude  materials  employed,  as  the  three  following : — 

a.  Preparation  of  Sulphate,  or  Glauber's  salt  ultramarine. 
/3.  „  „      Soda-ultramarine. 

y.  „  „      Silica-ultramarine. 

a.  Preparation  of  Sulphate-  Ultramarine. — This  ultramarine  is  prepared  according 
to  the  Nuremburg  process  from  kaolin,  sulphate  of  soda,  and  charcoal ;  tlie  pre- 
paration consisting  in  two  distinct  stages,  viz : — 

a.  Preparation  of  green  ultramarine. 

b.  Conversion  of  green  into  blue  ultramarine. 

a.  Preparation  of  Green  Ultramarine, — In  order  to  obtain  a  most  intimate  mixture  of 
the  dry  and  finely  pnlvcrised  materialB,  small  quantities  are  weighed  off,  mixed  in 
wooden  troughs  by  means  of  shovels,  and  several  times  passed  through  sieves.  If  solutions 
of  Glauber's  salt,  soda,  and  sulphide  of  sodium  are  us^  instead  of  powders,  the  kaolin  is 
mixe<l  with  these  solutions,  and  the  whole  evaporated  to  dryness,  gently  ignited  in  a 
revcrberatory  furnace,  and  then  pulverised  and  sifted.  The  quantities  of  the  crude 
materials  vary,  but  the  following  conditions  have  to  be  complied  with :  -i.  Soda,  whether 
Bul])hate  or  caustic,  must  be  present  in  such  quantity  that  it  can  saturate  half  of  the 
silica  of  the  clay  (kaolin).  2.  There  must  be  sufficient  soda  remaining  to  form  with  the 
sulphur  a  certain  quantity  of  polysulphuret  of  sodium.  3.  There  ought  to  remain 
enough  sulphur  and  sodium  to  form  another  sodium  sulphuret  (Na^S),  after  deducting 
from  the  whole  mixture  as  much  green  ultramarine  as,  according  to  its  composition  as 
proved  by  recent  analysis,  the  silica  and  alumina  present  are  capable  of  forming.  The 
following  figures  will  give  an  idea  of  the  proportions : — 

I.  n. 

Kaolin  (dried) 100  100 

Calcined  Glauber's  salt. .  83 — 100  41 

Calcined  soda —  41 

Carbon  (char-  or  pit-coal)  17  17 

Sulphur —  13 

For  100  parts  of  calcined  soda  80  parts  of  calcined  Glauber's  salt,  and  for  100  parts  of 
the  latter  60  of  dry  sulphuret  of  sodium  are  taken. 

It  is  usual  to  have  a  large  quantity  of  this  mixture  prepared  for  use.  If  this  mixture  is 
ignited  without  access  of  air,  a  white  mass  is  obtained,  which,  havinpf  been  treated  with 
water,  is  a  light,  somewhat  flocculent,  white  substance,  to  which  Bitter  has  given  the 
name  of  white  ultramarine.  It  becomes  green  by  exposure  to  air,  and  blue  by  being 
calcined  in  contact  with  air.  The  mixture  is  well  rammed  into  fire-clay  crucibles,  placed 
in  furnaces  similar  in  construction  to  those  used  for  burning  porcelain,  being  raised  and 
maintained  at  a  high  temperature  with  a  very  limited  supply  of  air.  This  operation  lasts 
seven  to  ten  hours,  and  is  completed  at  a  bright  white  heat.  The  furnace  is  closed  and 
slowly  cooled ;  on  removing  the  crucibles,  the  contents  appear  as  a  semi-fused  grey-  or 
yellow-green  mass,  which  is   repeatedly   treated  with  water.    The  ultramarine  thus 
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obtained  is  in  porous  lomps,  which  are  pulverised  to  an  impalpable  powder ;  this  is 
washed,  dried,  and  again  ground,  then  sifted,  and  finally  packed  in  boxes  or  casks,  and 
gent  into  the  market  as  green  ultramarine,  consisting,  according  to  StolzePs  analysis 
(1855),  in  100  parts,  of — 

Alumina 30*11 

Iron 0*49  (peroxide  of  iron,  07) 

Calcium 0*45 

Sodium 19-09  (soda,  2373) 

Silica      37*46 

Sulphuric  acid      076 

Sulphur 6'o8 

Chlorine 0*37 

Magnesia,  potassa,  phosphoric  acid  . .  traces 

94-81 
Oxygen 5*19 

100*00 

Green  ultramarine  is  a  pigment  of  comparatively  inferior  valtie,  owing  to  its  being  less 
brilliant  than  the  green  copper  pigments. 

b.  Conversion  of  Green  into  Blue  Ultramarine. — This  operation  may  be  variously  effected, 
generally  by  roasting  the  green  ultramarine  and  sulphur  at  a  low  temperature  with  access, 
of  air,  so  as  to  form  sulphurous  acid,  while  a  portion  of  the  sodium^  is*oxidised  into 
soluble  sulphate  and  afterwards  washed  out ;  but  the  sulphur  originally  present  in  the 
green  ultramarine  remains  combined  with  a  smaller  quantity  of  sodium.  The  roasting 
may  be  variously  carried  out,  but  very  frequently  the  apparatus  consists  of  a  fixed  iron 
cylinder  similar  to  a  gas-retort,  provided  with  a  stirring  apparatus,  by  means  of  which 
the  mixture  of  green  ultramarine  and  sulphur  (25  to  30  lbs.  of  the  former  to  ilb.  of 
sulphur)  is  submitted  equally  to  the  source  of  heat.  The  addition  of  sulphur  is 
repeated  until  the  desired  blue  colour  is  produced ;  but  in  some  works  this  calcination  is 
interrupted  by  repeated  lixiviation,  the  object  being  to  produce  a  superior  article. 
Muffle-ovens  and  a  kind  of  reverberatory  oven  are  also  used  for  this  operation.  The 
sulphurous  acid,  which  is  evolved  in  large  quantities,  is  now  generally  employed  in 
making  sulphuric  acid,  sometimes  a  co-product  of  ultramarine  manufacture,  and  used 
for  the  preparation  of  the  sulphate  of  soda  required.  The  ultramarine,  when  quite  blue, 
is  pulverised,  lixiviated,  dried,  and  finally  separated  into  various  qualities  known  in 
the  trade  as  No.  00,  i,  2,  3,  <fec. 

**"?l5i!miriae***'  P'  ^  manufactured  in  France,  Belgium,  and  some  parts  of 
Germany,  this  ultramarine  is  either  pure  soda-ultramarine  or  a  mixture  of  soda-  and 
sulphate-ultramarine.    The  materials  and  proportions  are — 

I.  n.         m. 

Kaolin       100  100  100 

ouipnatO   •••     •••     •••     •••     •••     •••  -^~  4'^  ~^~ 

Soda  ...     ...     ...     ...  100  4-'^  9^ 

Carbon  (charcoal  or  pit-coal) 12  17  6 

Sulphur    60  13  100 

xMJsm  .*•      .••     ..•      ..a      ...      •••     •••  -■■"  *""*  o 

The  ignition  takes  place  either  in  crucibles,  or,  better,  in  a  reverberatory  furnace ; 
the  result  is  the  formation  of  a  brittle  and  porous  green  substance,  which  absorbs 
oxygen  very  rapidly,  so  that  during  the  cooling  of  the  mass  in  the  oven,  the  greater 
part  is  converted  into  blue  ultramarine.  The  complete  conversion,  after  the  addition 
of  sulphur,  is  obtained  by  heating  in  a  large  muffle  to  redness,  the  product  being 
distinguished  from  the  foregoing  by  a  greater  depth  and  beauty  of  colour.  By 
increasing,  within  certain  limits,  the  quantities  of  soda  and  sulphur,  the  formation 
of  blue  ultramarine  may  be  at  once  obtained,  the  product  containing  10  to  12  per 
cent  of  sulphur. 
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'"^uuSmMii^***  •  Silica-ultxaxnarine  is  really  soda-ultramarine  in  ihe  prepara> 
tion  of  which  silica  to  the  amount  of  5  to  10  per  cent  of  the  weight  of  the  kaolin  is 
added.  The  calcination  at  once  yields  blue  ultramarine,  and  further  treatment  with 
sulphur  is  therefore  unnecessary. 

This  ultramarine  is  not  acted  upon  by  a  solution  of  alum,  and  may  be  recognised 
by  its  peculiar  red  hue,  the  intensity  of  which  is  increased  by  an  increase  of  silica. 
Notwithstanding  the  superiority  of  the  ultramarine  obtained  by  this  process,  its  pre- 
paration is  disadvantageous  owing  to  the  tendency  of  the  mixture  of  crude  materials 
to  fuse  during  ignition. 

Confutation  of  miram«rin«.      Siuco  1758  the  chemical  constitution  of  ultramarine  has 

been  the  object  of  a  series  of  researches.    The  latest  experiments  are  those  of 

W.  Stein,  who  comes  to  the  conclusion  that  ultramarine  consists  chiefly  of  a  white 

mass,  with  which  black  sulphide  of  aluminium  is  most  intimately  and  molecularly 

incorporated,  the  blue  colour  being  due,  not  to  chemical  composition,  but  to  the 

optical  relation  of  its  component  substance.    Green  ultramarine  contains  less  soda 

than  the  blue  pigment,  and  that  again  less  than  the  white  (so-called)  ultramarine. 

The  quantity  of  sulphur  contained  in  blue  ultramarine  is  less  than  that  in  green. 

Propertiea  of  xntrAmiirine.  Artificial  ultramarine  is  an  impalpable  powder  of  a  fine  blue 
colour,  entirely  insoluble  in  water,  and  when  washed  with  distilled  water  leaving  no 
residue  on  evaporation  of  the  filtrate.  It  is  not  acted  upon  by  alkalies,  but  is  highly 
sensitive  to  the  action  of  even  very  dilute  acids  and  acid  salts,  sulphuretted  hydrogen  being 
evolved  and  the  colour  discharged.  Native  ultramarine  obtained  from  lapis  UutUi  is  not 
thus  decomposed  by  weak  acid  solution.  There  sometimes  accidentally  occurs  in  soda 
furnaces  a  more  or  less  blue  ultramarine  which  exhibits  the  same  resistance  to  acids.  That 
kind  of  ultramarine  commercially  termed  acid  proof  is  manufactured  with  the  addition 
of  silica,  as  described,  but  it  really  only  resists  the  action  of  alum-salts.  Ultramarine  is 
now  largely  used  for  the  purposes  to  which  smalt,  litmus,  and  Berlin-blue  were  applied ; 
tiiat  is  to  say,  ultramarine  is  employed  as  a  paint,  as  a  pigment  in  stereochromy,  for 
paper-hangings,  oaHoo-printing  with  albumen  as  fixing  material,  for  colouring  printing- 
ink,  for  the  bluing  of  linen  and  cotton  fabrics,  paper,  stearine,  and  paraffine-oandles  and 
lamp-sugar.  For  looo  cwts.  of  sugar  2}  lbs.  of  the  pigment  are  employed,  a  quantity  so 
•mall  as  to  be  perfectly  innocuous  ;  further,  ultramarine  does  not  contain  anything  inju- 
rious to  health.  Green  ultramarine  is  a  dull-coloured  powder  used  by  wall-paper 
stainers,  and  is  sometimes  mixed  with  indigo-carmine  and  a  yellow  pigment  to  improve 
the  colour. 

Adulterations  of  ultramarine  with  Berlin-blue,  smalt,  and  other  blue  pigments  do  not 
now  occur,  as  ultramarine  is  a  cheaper  material ;  but  to  obtain  lighter  tints  ultramarine 
is  sometimes  mixed  with  chalk,  kaolin,  alabaster,  and  chiefly  with  sulphate  of  baryta. 
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Glass  Manufacture. 

^^iSSjS?  qSS^  Glass  is  an  amorphous  composition  of  various  silicates  obtained 
by  a  process  of  smelting,  alkaline  and  calcium  silicates  being  the  chief  constituents. 
That  which  is  termed  water-glass — ^viz.,  a  silicate  of  potassa  or  soda — of  course  con- 
tains no  other  silicates ;  but  real  glass  contains  other  bases  in  addition  to  soda 
and  potassa,  either  alkaline  earths,  as  lime,  baryta,  strontia,  or  other  more  or  less 
basic  bodies,  as  magnesia,  alimiina,  or  metallic  oxides, — ^those  of  lead,  bismuth,  zinc, 
thallium,  protoxides  of  iron  and  manganese,  while  in  the  case  of  optical  or  fine 
crystal  glass  boracic  acid  or  borax  is  substituted  for  a  portion  of  the  silica. 

Glass  is  generally  transparent ;  when  opaque  it  is  either  white  or  coloured.  Glass 
is  not  acted  upon,  in  the  common  acceptance  of  the  term,  by  either  water,  acids,  or 
alkalies.  It  is,  as  has  been  said,  amorphous,  for  as  soon  as  it  becomes  crystalline  it 
ceases  to  be  glass.  The  amorphism  of  glass  is  due  to  its  composition ;  simple  sili- 
cates have  a  tendency  to  crystallise,  and  are  hence  imfit  for  glass  manufjEkcture. 
Owing  to  its  amorphism  glass  exhibits  a  conchoidal  fracture.  When  blown  to  very 
thin  laminae  or  drawn  into  thread,  glass  possesses  a  remarkable  degree  of  elasticity. 
As  regards  the  chemical  and  physical  qualities  of  glass,  much  depends  upon  the 
constituent  silicates;  the  alkaline  silicates  render  glass  soft  and  contribute  to 
its  ready  fusibility.  Silicate  of  potassa  gloss  is  less  bright  and  glossy  than  glass 
in  which  silicate  of  soda  prevails,  but  the  latter  silicate  imparts  a  blue-green  colour. 
Silicate  of  calcium  renders  glass  harder,  brighter,  but  less  readily  fusible.  Silicates  of 
lead  and  bismuth  render  glass  very  fusible,  impart  to  it  a  high  degree  of  lustre,  and 
greatiy  increase  the  refrangibility ;  they  are  therefore  used  in  making  glass  for 
optical  purposes.  Silicates  of  zinc  and  baryta  impart  similar  properties ;  the  former 
has  the  property  of  reducing  the  blue-green  colour  due  to  silicate  of  soda.  Silicates 
of  iron  and  manganese  render  glass  readily  fusible  and  impart  colour  to  it.  Silicates 
of  other  metallic  oxides  are  only  of  secondary  importance  in  imparting  colour 
to  glass. 

^'^^"^SSlfcS'oSlZ*^**"  According  to  its  chemical  composition  glass  may  be  classified 
as  follows : — 

I.  Potassium-calcium  glass,  or  Bohemian  crystal  glass,  is  quite  colourless,  very 
difficultiy  fusible,  hard,  and  very  difficultiy  acted  upon  by  chemicals.  Abroad, 
mirrors  are  often  made  of  this  glass,  mixed  with  any  of  the  following  kinds. 

U.  Sodium-calcium  glass,  French  glass,  window-glass,  somewhat  harder  than  the 
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preceding  but  more  readily  fusible,  exhibiting,  as  does  all  soda-containing  glass, 
a  peculiar  blue-green  hue.     Crown-glass  is  of  similar  composition. 

III.  Potassium-lead  glass,  crystal  glass,  very  readily  fusible,  soft  to  cut,  has  a 
higher  sp.  gr.  than  other  glass,  and  is  more  refi-active.  Among  tlie  varieties  of  this 
glass  are  : — i.  Flint-glass,  optical  glass,  in  addition  to  lead  often  containing  bismuth 
and  boracic  acid.     2.  Strass  used  for  preparing  imitation  gems. 

IV.  Aluminium- calcimn-alkali  glass,  or  bottle-glass,  always  contains  oxides  of  iron 
and  manganese  ;  and  sometimes  magnesium  instead  of  calcimn.  The  colour  varies 
from  a  red-yellow  to  a  deep  black-green. 

The  sp.  gr.  of  glass  depends  upon  its  composition.  The  alkali-calcium  glass  is  the 
lightest,  next  follows  aluminium-calcium-alkali  glass,  while  thallium  glass  is  the 
heaviest,  as  may  be  seen  in  the  following  table : — 


Bohemian  crystal  glass 

Crown-glass       

Mirror-glass      

Window-glass 

Bottle-glass       

JLjeaci  glass         •••     •••     •••     •>•     ••• 

Hint-glass  (Frauenhofer's  recipe) 

„          (Faraday's        „        )  ... 
Thallium  glass 


2396  Sp.  gr. 


2487 

2488 

•  •       ...  2  O.^  2 

•  •               »  •  •  St     /  J  • 

..  29  to  3255 

377 

5  44 

562 


»» 


»» 


>♦ 


Slowly  cooled  glass  possesses  single,  rapidly  cooled  doubly  refractive  powers ;  the 
refractive  index  of  glass  differs  considerably,  but  is  never  so  high  as  that  of  the  diamond. 
Taking  the  index  of  refraction  of  the  vacuum  of  TorricelU  as  unity,  that  of  quartz  is 
=  1*547;  diamond,  2*506;  optical  glass  (2*52  sp.  gr.)  =  1*534  to  1*544;  flint-glass  of 
3*7  sp.  gr.,  1-639;  thallium  glass- 1*71  to  1*965. 
Raw  Materuu  used  in  These  are: — I.  SiUca,  viz.  quartz,  for  very  pure  glass,  for  other 
Qbu»-xxMking.  kinds  sand  of  varying  quality  or  pulverised  flint  stones.  For  very 
pure  glass  the  siHca  ought  to  be  free,  or  very  nearly  so,  from  iron ;  in  some  cases  the 
peroxide  of  iron  adhering  to  the  quartz  or  mixed  with  the  sand  is  removed  by  hydro- 
chloric acid,  while  the  sand  is  always  first  ignited  and  in  some  instances  previously 
washed  to  remove  clay,  marl,  humus,  &c.  Ordinary  glass  is  made  with  coarser  materials, 
the  sand  is  not  required  to  be  so  pure,  as  when  it  contains  lime,  chalk,  or  clay,  it  renders 
the  mass  more  fusible. 

2.  Boracic  acid  is  sometimes  used  as  a  substitute  for  a  portion  of  the  silica.  It 
increases  the  fusibiUty  of  the  glass,  imparts  to  it  a  high  polish,  and  prevents  devitrifica- 
tion.   It  is  employed  as  borax  or  as  boro-calcitc,  a  native  boracic  acid. 

3.  Potassa  and  soda  are  used  in  a  variety  of  forms,  the  former  chiefly  as  potash 
(carbonate  of  potassa),  or  partly  Uxiviated  wood-ash. 

Not  so  large  a  quantity  of  soda  is  required  as  of  potash ;  10  parts  of  carbonate  of  soda 
correspond  to  13  parts  of  carbonate  of  potash.  Recently  the  soda  has  been  used  in  the  form 
of  Glauber's  salt ;  in  this  case,  so  much  carbon  is  added  to  the  siliceous  earth  and  Glauber's 
salt  as  will  reduce  the  sulphuric  acid  of  the  sulphate  of  soda  to  sulphurous  acid,  and  the 
carbon  to  carbonic  oxide.  The  siUcio  acid  then  easily  decomposes  the  sulphurous  acid  of  the 
sulphite.  To  100  parts  of  Glauber's  salt  (anhydrous)  8  to  9  parts  of  coal  are  measured. 
An  excess  of  carbon  is  detrimental,  as  a  large  quantity  of  sulphide  of  sodium  is  formed, 
which  imparts  a  brown  tint  to  the  glass. 

4.  The  lime  used  in  glass-manufacture  must  be  free  from  iron.  It  is  generally 
employed  as  marble  or  chalk,  either  raw  or  burnt.  To  100  parts  by  weight  of  sand,  20 
parts  by  weight  of  lime  are  added.  In  the  Bohemian  manufacture  the  lime  is  employed 
as  neutral  silicate  of  calcium,  Wollastonite,  SiOaCa.  Instead  of  lime,  strontia  and 
baryta  can  be  used,  the  former  as  strontianite  (SrCOj),  the  latter  as  witherite  (BaCOj). 
Fluor-spar  (CaFlj),  and  alnminate  of  soda  were  at  one  time  used  in  making  milky  or 
semi-opaque  glass. 

5.  Oxide  of  lead  is  employed  in  most  cases  in  the  form  of  minium  or  peroxide,  giving 
up  some  of  its  oxygen  to  form  a  lower  oxide,  and  purifying  the  glass.  The  lead  gives  the 
glass  a  higher  specific  gravity,  greater  brittleness,  transparency,  and  polish.    It  must  be 
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free  from  oxide  of  copper  and  tm,  the  former  imparting  a  green  colour,  and  the  latter  an 
opacity  to  the  glass.  White-lead  is  as  efficacious  as  red-lead,  provided  no  heavy-spar  b« 
present. 

6.  Oxide  of  zinc  is  always  added  as  zinc-white.    When  the  colour  is  not  of  importance, 
zinc-blende  with  sand  and  Glauber's  salts  may  be  used. 

7.  Oxide  of  bismuth  is  only  added  in  small  quantities  in  the  preparation  of  glass  for 
optical  instruments.    Bismuth  may  be  employed  either  as  oxide  or  nitrate  of  the  oxide. 

The  natural  silicates  are  only  employed  alone  in  the  manufacture  of  bottle-glass ;  some 
of  the  preceding  additions  are  requisite  in  clear  glass  manufacture. 

BiMMhing.  Coloured  glass  as  it  occurs  in  the  first  processes  of  manufacture  may  have  the 
colour  disguised  by  mechanical  mixture  with  white  glass,  or  the  colour  may  be  discharged 
by  chemical  agents.  Such  agents  are  usually — braunite,  arsenious  acid,  saltpetre,  and 
minium  or  red-lead. 

z.  Braunite,  MnOj,  has  long  been  used  as  material  for  glass-clearing.  This  oxide  of 
manganese  is,  however,  used  only  in  small  quantities ;  too  much  imparts  a  violet  or 
amethyst-red  colour  to  the  glass;  while  an  excessive  amount  renders  the  glass  dark 
coloured  and  opaque.  The  violet-coloured  glass  is  generally  prepared  with  silicate  of 
manganese  by  the  addition  of  braunite  to  colourless  glass.  The  action  of  braunite 
in  clearing  glass  or  rendering  it  colourless  has  been  variously  explained.  It  may  be  con- 
sidered that  there  arises  in  the  molten  glass  the  colours  complementary  to  white,  that  is, 
the  green  from  silicate  of  iron  and  the  violet  from  silicate  of  oxide  of  manganese ;  this  view 
is  supported  by  the  experiments  of  Edmer,  who  obtained  a  colourless  glass  from  a  mix- 
ture of  red  and  violet  glasses ;  and  further  by  those  of  Luckow  who  obtained  a  colourless 
glass  by  the  melting  together  of  a  glass  strongly  tinted  red  by  protoxide  of  manganese 
with  oxide  of  copper.  The  glass-blowers  of  the  Bavarian  Waldenses  assert  that  a  rose-red 
quartz  there  found  is  equalled  by  no  other  quartz  in  the  production  of  the  best  crystal  or 
dear  glass.  Yon  Fuchs  says  that  this  quartz  contains  i  to  1*5  per  cent  of  oxide  of 
titanium,  which  similarly  to  braunite,  effects  the  chromatic  neutralisation.  Kohii 
employs  for  this  purpose  protoxide  of  nickel  or  oxide  of  antimony.  Oxide  of  zinc  has 
lately  been  employed  to  remove  or  mask  the  green  colour  of  Glauber's  salt  glass,  also 
imparting  a  higher  polish.  2.  Arsenious  acid  effects  the  removal  of  colour  by  chemical 
means  only  from  glass  containing  carbon  or  silicate  of  iron :  in  glass  containing  carbon — 

Arsenious  acid,  AS2O3  )      .       ( Arsenic,  Asa, 
Carbon,  3O  j    ^^®    |  Carbonic  oxide,  3 CO ; 

in  glass  containing  protoxide  of  iron  : — 

Protoxide  of  iron,  6FeO,  )      .        ( Oxide  of  iron,  sFcaOj, 
Arsenious  acid,  AS2O3,      j    ^        ( Arsenic,  Asa- 

The  arsenious  acid  is  reduced  by  the  carbon  and  protoxide  of  iron  at  a  dull  red  heat, 
while  the  arsenic  is  volatilised. 

3.  Saltpetre  is  added  chiefly  as  Chili-saltpetre  or  nitrate  of  soda.  In  the  manufacture 
of  lead-glass  (flint-glass)  nitrate  of  lead  is  substituted  for  the  nitrate  of  soda.  Nitrate 
of  barium  has  recently  been  employed  to  discharge  the  colour  of  glass ;  its  action  is  similar 
to  that  of  arsenious  acid. 

4.  That  minium  serves  to  render  glass  colourless  has  already  been  noted.  Chambland 
states  that  glass  may  be  whitened  by  forcing  through  it  while  molten  a  stream  of  air. 

utiUaatinnof  itefais       The  materials  of  glass  manufacture  are  never  melted  alone,  but 
iiiAi^A.  always  with  nearly  the  third  part  of  prepared  or  finished  glass.    For 

this  purpoRC,  pieces  of  broken  glass,  flaw  glass,  the  hearth  droppings,  and  the  glass 
remaining  adherent  to  the  blowers'  pipes  may  be  utilised, — serving  a. purpose  in  the 
manufacture  of  glass  similar  to  the  rags  in  paper-making.  Thus  there  is  only  a  very 
small  loss  of  materials.  At  each  re-melting,  however,  a  portion  of  the  alkali  of  the  frag- 
mentary glass  is  volatilised,  and  must  be  replaced  by  the  addition  of  an  alkaline  salt. 

The  MeiutiR  veitiiei.       The  vesscls  ill  wliich  tliG  glass  is  melted  are  placed  immediately 

upon  the  hearth,  and  are  made  of  difficulty-fusible  clay  and  powdered  chamotte- 

stone.     They  are  usually  06  metre  in  height,  the  walls  being  g  to  12  centimetres 

tliick.     They  are  dried  in  a  temperature  of  12°  to  15°,  and  then  placed  in  a  chamber 

heated  to  30°  to  40°.    After  remaining  about  a  month,  the  vessel  is  put  into  tho 

tempering  or  annealing  oven,  heated  to  50° ;  it  is  next  removed  to  the  ordinaiy 

melting-oven,  and  gradually  heated  to  the  melting-point  of  glass,  at  wliich  it  remains 

for  three  to  four  hours.    When  a  new  pot  is  first  used  for  glass-melting,  the  alktiline 

constituents  of  the  glass  act  upon  tlie  clay,  forming  a  rich  clay  glaze  or  glass,  wliich, 

if  allowed  to  mix  with  the  ordinary  glass,  would  be  highly  detrimental.    Conse- 
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qnantlf  broken  glass  and  refuse  are  first  melted  in  tlie  Tessel,  and  the  glaze 
imported,  termed  technically  the  Uuing,  is  a  sufficient  prntectiim  to  the  gkss  in 
after  practice.  The  shape  of  the  melting  vessels  varies.  For  meltiiig  with  wood  or 
pas  tiie  conical  form,  Fix.  ijo,  is  employed.  When  coal  is  nsed  as  fuel,  the" Teasel 
titkes  the  covered  form.  Fig.  121.    Fig.  132  represents  a  rattier  peculiar  form ;  the 
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glass  ronstitucnts  are  melted  in  a.  tlie  clear  moltin  gliiss  passing  by  the  aperture  in 
the  central  n'nll  into  h.  The  glass  in  h  is  thus  always  fh^o  from  Khtss-gall  or  impn- 
rities,  which  remain  beltiud  in  a.  In  the  manufiicturo  of  looking-glasses,  large 
quailrangular  vessels.  Fig.  123,  are  cmplojed  for  refining  purposes. 

Tb«ai.»fliMi.  The  gloss  ovens  are  respectivtly — 1.  The  melting-oven ;  2.  The 
tempering-  or  anneaUng-ovens,  used  in  the  aftcr-mEinufacturc.  The  meIting<oven 
can  only  be  made  of  fire-proof  clay.  It  is  built  of  a  mixture  of  white  clay  and  bunit 
clay  of  the  some  kind.  Ordinary  mortar  and  cements  are  uscloas  for  this  purpose 
on  account  of  tlieir  fusibility,  tlierefore  the  same  clay  as  is  nsed  for  building  is  also 
nsed  for  binding.  The  oven  must  be  built  on  dry  ground ;  if  built  on  damp  groond 
it  is  difficult  to  muntsin  the  lower  parts  at  a  constant  heat,  requiring  a  larger  snpply 
of  fuel.  The  arch  is  closed  with  a  ein};le  piece  of  lire-proof  clay  weighing  800  to 
1000  cwts.  After  building  the  oven  is  dried  for  four  to  six  months  at  a  tenperatora 
of  12°  to  15° ;  a  low  fire  is  then  Ughled,  and  the  temperature  gradually  increased  for 
about  a  month  until  the  oven  is  lit  for  actual  work.  The  arch  is  further  covered 
with  massive  backsioues.  and  these  again  are  covered  to  a  thickness  of  5  to  6  inches 
withalime-morlar.  '\Micumuch  in  use,  and  if  not  built  of  very  good  elay.  an  oven  will 
not  remain  in  working  orderfor  longer  than  li  to  t]  years:  butif  fire-clay  is  used,  and 
onlyeasily-fusiblolead-glass  is  manufactured,  the  oven  may  last  for  four  to  five  years. 
The_ovcn  contains  six  or  eight  to  ten  melting-pots,  which  must  all  be  raised  to  tha 
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Bome  temperature.  Purtlier.  the  melting-OTen  is  placed  over  half  th»  fire-room. 
The  annexed  woodcut,  Fig.  124,  ia  a  ground  plan  of  a  complete  oven.  Fig.  125  is  a 
section  showing  the  melting-oveu   and  work-holes;    Fig.   126    a    vertical    section 


through  Uie  length  of  the  oven  ;  Fig.  IZ7  a  vcrticnl  section  of  the  hreadth.  In  the 
ground  plan,  Fig.  124.  0  o  ia  the  flue;  cc  c  are  the  melting-pots;  n  n.  pots  containing 
.glass  in  anoUier  stage  of  preparation;  ddd.  the  work- holea  ;  ft7/,  tliehanks;  ii,  warm- 
JnR  aud  cooling  ovena ;  k  k.  tempering  ovens ;  e  e,  the  breast  walls ;  //,  the  splint 
walls :     I  I  are  small  hearths  to  increase  the  heat   in   the   tempering  oven  when 


required  In  Fig  125  /  la  the  fine  y  y  are  blocks  of  atone,  bearing  the  wooden 
frame  work  s  «  on  which  the  wood  used  as  fuel  ia  plsced  to  dry.  Fig.  126  shows 
the  bank,//  on  which  the  meltmg-pota,  hhh.  stand :  over  these  pots  are  the  woi-k- 
holea ;  n  n  are  the  side  chambers.  In  Fig.  127,  6  A  is  the  key-stone ;  <:  d  are  tlie 
banks ;  g  the  flue,  altliough  in  most  glass-ovens  there  are  no  flnea.    The  flame  from 


the  fael  bomiitg  in  both  grates,  nt  m.  Pig.  126,  after  heating  the  melting  oven, 
passes  bj  tbe  tempering  rooms,  and  flnally  to  the  chimney- stalk. 

Siemena's  gaa-oven  has  httelj  found  extensive  use.    At  the  Paris  Internstioaal 
Exhibition  of  1S67  this  men  obtained  the  gold  medal.     It  consists  of  tno  parte,  ths 
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generator,  Pig.  128,  and  tbe  melting  oven,  Fig,  129.  These  parts  are  separata,  and 
can  be  30  or  more  metres  from  e&ch  otlier,  being  connected  by  a.  large  gaa-pipe.  Ths 
fuel,  brown  coal,  turf,  stone  cool,  or  wood,  is  placed  in  the  generator  at  a.  Fig.  i^. 


and  falls  on  the  sloping  gnd,  o.  Tlie  gas,  a  mivture  of  ciirbonic  oxide  and  nitrogen, 
ascends  at  a  temperature  of  150"  to  zoo°,  and  flows  out  nf  the  generatur  by  a  large 
pipe.  V,  4  t«  5  metres  in  heiglit,  and  is  conveyed  tht'nce  by  a  horizontal  pipe  to  Uie 
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melting  oven.  The  upper  chambers  of  the  melting  oven  are  eimilai  to  those  of  the 
QBUol  ovens,  p  f  are  the  melting-pots.  The  goa  firat  pasaea  into  the  firat  ayatem  of 
regeneratora,  the  atonea  of  which  are  raiaed  to  a  red-heat,  and  pasaea  thence  tfl  the 
melting  room,  where  it  meeta  with  air  healed  in  hke  manner.  The  products  of  com- 
bnation  then  pass  to  the  second  regenerating  system,  the  stones  of  which  are  cold 
until  heated  by  the  passing  gases.  The  waste  gas  ia  finally  conducted  to  the 
chimney-stalk.  When  stone-coal  ia  used  in  the  generator,  lead-glass  may  be  melted 
in  the  oven  in  open  veaaels  without  reduction.  The  saving  of  fuel  in  comparison 
with  the  old  system  is  about  30  to  50  per  cent. 
PnHnii'moiuiiHiuria].  Formerly  manafactDred  glasswaa  only  on  imitation  of  orj^talline 
udHiuiia.  ailieeouB  eartha,  the  chemical  action  being  but  little  known.     The 

alkaline  constitnents  were  added  as  fluiea,  and  to  thia  day  retain  that  name.  However, 
meet  of  the  resnlts  attending  the  Tariationa 
of  temperatuTB  were  known,  and,  in  fact,  the 
chief  practical  detail. 

or  especial  importance  in  glasa  mannfaotDre 
ia  the  knowledge  of  the  behavionr  of  glaaa 
in  the  fiie.  At  the  maiimam  temperatore  of 
glBBB-melting  ovena,  izdo°  to  1350°  C,  the 
glass  forma  a  thin  fluid  of  the  conaiBteney  of 
aymp.  Thia  condition  is  essential  to  the 
refining  of  the  gloss,  as  the  thinoess  of  the 
Suid  admits  of  the  settlement  of  foreiga 
Rubetances  to  the  bottom,  or  of  their  floatilig 
to  the  surface  of  the  glass  contained  in  the 
melting  pot.  In  this  condition  also  the  clear 
molten  glaas  can  be  ran  o£F.  At  a  red-heat 
glass  IS  exceedingly  ductile  and  flexible  ;  upon 
this  quality  depends  its  appUcation  in  manu- 
facture Two  pioces  of  glass  raised  to  ■  red 
heat  can  be  welded  into  one  piece  by  mere 
preBSnre  Glass  as  a  fine  thread  is  generally 
fleiibte  and  may  be  spun.  Undonbtedly  glau 
will  be  Dsed  as  a  spinning-fibre  at  aoma 
future  time ;  even  now,  in  the  Intemstiolul 
Eibibition  of  187T,  there  are  several  artiolea 
of  hnbibment  made  of  spiiD  glass,  exhibited  by 
an  Anstrian  firm.  Bninfant,  of  Vienna,  in  i86g, 
prepared  glatiK-wadding.  feathers,  bo  we,  f  a  voora, 
nets  <tc  (ilasB  fibre,  according  to  the  mea- 
surement of  Fr.  Kick,  of  Plague,  can  be  span  to 
a  diameter  of  d'oo6  and  o-oii  millimetre*. 
When  glass  is  aUowed  to  cool  extremely  slowly  it  loses  its  transparency,  and  ia  tranaformed 
into  anopaqnemaas  known  as  lUanmur's  porcelain.  The  ohemical  action  taking  plaee  when 
glasa  isrendered  opaque  is,  in  spite  of  numerous  researches,  still  unexplained.  Oil  the  other 
hand,  glass  cooled  too  anddenly  acquires  peculiar  properties.  Detonating  bnlba  are  small 
glass  flaskB  which  have  been  cooled  immediately  after  being  made.  If  a  sharp  grain  of 
aand  be  dropped  into  the  interior  of  one  of  these  flasks  it  will  fiy  to  pieces  with  eioesalTe 
violence,  while  the  exterior  will  bear  hard  usage  without  result.  Auother  peculiarity  of 
glass  manufacture  are  glass-tears,  or  Prince  Bupert's  drops,  long  pear-^aped  drape 
of  glass,  tapering  to  a  very  slender  tail,  which  are  formed  by  dropping  molten  glaaa 
into  cold  water.  The  bulb  of  these  drops  may  be  struck  with  a  hammer ;  bnt  if 
only  a  smaU  portion  of  the  tail  be  snapped  off,  the  entire  drop  will  break  up  with  a  load 
report.  This  brittleneas  is  more  or  less  the  characteristic  of  all  unannealed  glaas, 
andis  probably  due  to  unequally  cooled  layers,  which  are  consequently  at  different  degieea 

Drriiif  oie  Hitoub.  Before  the  matcrialB  are  placed  in  the  melting  oven,  they  are  first 
subjected  to  a  tolerably  strong  heat,  not  sufficient,  however,  to  effect  fusion  in  the 
drying  oven.  The  benefit  of  this  operation  is  the  removal  of  the  carbonic  add  and 
water  ivhich  would  otherwise  he  diaseminated  in  the  melting  oven.    Some  mannfao- 
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torera  dispense  with  this  porUon  of  the  process,  numing  a  risk  of  turning  ont 
imperfect  glass  that  can  be  avoided  at  a  very  small  expense. 

Miuiiif  uu  aiu>  buitoi.  When  the  temperatoie  of  the  melting  oven  has  reached  the 
required  degree,  the  material  first  frits  together  and  is  then  melted.  The  oven 
moat  be  heated  equably  throughout.  At  the  melting-point  the  aUiceoos  eartlt 
«ombinea  with  the  potash,  soda,    lime,  alumina,  oxide   of  lead,    Ac.,    to   fonn 


glass.  The  substances  not  taken  np  form  a  scum,  known  as  glass-gall,  npon 
the  molten  glass,  wliich  is  removed  bf  the  aid  of  iron  shovels.  This  scum  is 
generally  composed  of  sulphate  of  soda  and  chlorides  of  the  alkalies.  The  progress 
of  the  melting  process  is  from  time  to  time  ascertained  by  removing  a  sample  of  the 
gUss  by  the  help  of  an  iron  rod  terminating  in  a  flat  disc,  in  fact  a  large  flat  spoon. 

cSHTBdUsf.  When  the  mass  is  well  molten  it  is  "  cleared,"  that  is.  maintained  for 
some  time  at  such  a  temperature  that  the  glass  remains  in  a  thinly  fluid  condition. 
Dnring  this  period  the  nncombined  substances  settle  to  the  bottom  of  the  melting 
vessel,  the  air-bubbles  disappear,  and  the  glass-gall  still  remaining  is  volatilised  or 
separated.  At  the  commencement  of  the  melting  the  disengagement  of  the  gases 
from  the  molten  mass  causes  an  advantageous  agitation,  by  which  the  seveikl  eon- 
Btitnents  of  nneqnal  specific  weight  and  different  composition  become  well  mixed. 
After  the  disengagement  of  the  gases  the  lower  part  of  the  melting  vessel  is  at  a 
lower  temperature  than  the  upper  part,  consequently  the  molten  glass  is  well  stitred 
with  the  iron  ladles  or  "  poles."  Lastly,  a  piece  of  either  arsenioos  acid,  damp 
wood,  raw  turnip,  or  any  other  water-containing  sabetance,  is  introduced  to  the 
bottom  of  the  vessel  on  an  iron  rod,  the  end  in  view  being  the  violent  agitation  of  the 
molten  glass  by  the  steam  evolved. 

CDL»«akiiii.  After  the  completion  of  the  clearing  follows  the  cold-stoking,  that  is. 
the  lowering  the  temperature  of  the  oven  till  the  glass  attains  a  tough  fluid  eonsis- 
tenc?  requisite  before  it  can  be  blown.  The  glass  remains  at  this  temperature, 
700°  to  800*  C,  dnriog  the  rest  of  the  mann&cture. 
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The  length  of  the  several  processes  is  as  follows : — 

Melting     lo  to  12  hours. 

Clearing    4  to    6     „ 

Blowing    10  to  12     „ 

80  that  five  to  six  meltings  can  he  effected  in  a  week. 

z>«feeu  in  oiAu.  Jt  is  extremely  difficult  to  prepare  glass  perfectly  free  from  blemish. 
The  principal  defects  are — streaking,  threading,  nmning  unequally,  or  dropping,  stoning, 
blistering,  and  knotting.  Streaking  follows  from  heating  the  glass  unequally,  another 
consequence  of  which  is  the  threading  or  the  formation  of  the  striaB,  by  glazing,  into 
coloured  threads,  generally  green.  By  dropping  is  understood  the  lumps  or  globules 
formed  in  the  glass  by  the  glazing  of  the  clay  cover  of  the  melting  vessel,  and  its  combi- 
nation with  the  volatilised  alkalies,  the  crude  glass  thus  formed  on  the  cover  dropping 
into  the  molten  glass  contained  in  the  vessel.  Blistering  is  a  common  result  of  the  imper- 
feet  clearing  of  the  glass  from  air  bubbles.  Lastly,  knotting,  another  conmion  defect, 
results  from  uncombined  grains  of  sand  taken  up  in  the  glass ;  the  small  particles  of  the 
oven  and  melting  vessel  detached  during  the  melting  similarly  giving  rise  to  stoning. 
Other  defects,  such  as  the  imperfect  combination  of  the  materials,  arising  from  oareless- 
ness  or  inability  of  the  workman,  need  not  here  be  noticed. 

vuioot  Kinds  of  oiAu.      Glass  is  Separated  according  to  its  composition  or  method  of 

manufacture  into : — 

I.  OUus  free  from  Lead. 

A.  Plate-glass.    a.  Window  glass : — 

a.  Boiled  glass. 
/9.  Crown  glass. 

b.  Plate-glass: — 

a.  Blown  plate-glass. 
p.  Cast  plate-glass. 

B.  Bottle  glass : — 

a.  Ordinary  bottle  glass. 

h.  Medicine  and  perfumery  glass. 

c.  Glass  for  goblets,  drinking  glasses,  &e. 

d.  Water  pipes  and  gas  tubes. 

e.  Retort  glass. 

O.  Pressed  or  stamped  glass. 
D.  Water  glass. 

II.  Oluss  containing  Lead  (Flint-Glass). 

A.  Crystal  glass. 

B.  Glass  for  optical  purposes. 

C.  Enamel. 

D.  Strass. 

III.  Coloured  Glass  and  Glass  Staining. 

IV.  Glass  Decorations. 
pi»t«-  or  window^iatB  The  glass  melted  in  muffles  or  vessels  is  manufactured  as  plate- 
glass  or  as  crown-glass.  Plate-glass,  as  its  name  implies,  is  formed  in  large  or  small 
plates ;  window  glass  is  generally  either  ordinary  bottle  glass,  or  a  finer  glass  of 
a  wliiter  colour.  R^jcently,  thick  has  taken  the  place  of  thin  glass  for  windows,  but 
the  colour  is  hereby  considerably  increased.  That  window  glass  should  be  prepared 
cheaply  is  an  essential  point,  consequently  crude  materials  are  employed — crude 
potash  and  soda,  wood-ash,  Glauber's  salt,  ordinary  sand,  and  broken  glass  from  the 
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warehouses,  &c.  Plate-  or  window-glass  is  generally  composed  of  loo  parts  sand, 
30  to  40  parts  of  crude  calcined  soda,  30  to  40  parts  of  carbonate  of  calcium. 
Instead  of  the  soda  may  be  substituted  an  equivalent  quantity  of  Glaubers  salt. 
Benrath  (1869)  found  in  several  kinds  of  plate-glass  the  following  constituents : — 

Silicic  acid       7071  71*56  7311 

Soda         i3'35  12*97  ^S'oo 

Lime        1358  1327  1324 

Alumina  and  oxide  of  iron 1*92  1*29  0*83 


99*46 


9909 


100*18 


Tooto.      The  tools  ordinarily  used  by  the  glassblower  in  the  preparation  of  plate-  and 
crown-glass  are  the  followiug : — 

a.  The  pipe  or  blow-tube,  Fig.  130,  is  an  iron  pipe  1-5  to  i*8  metres  in  length,  3  to  4 
centimetres  thick,  and  i  centimetre  interior  diameter,    a  is  the  mouth-piece,  made  so  aa 
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to  turn  easily  between  the  lips,    c  is  a  hollow  handle  from  0*3  to  0*5  metre  in  length,    h  is 
the  part  attached  to  the  glass. 

b.  The  handle  or  hand  irons  are  rods  i  to  1*3  metres  in  length,  used  to  transport  the 
hot  vessels,  Ac.  c.  The  marbel,  Figs.  131  and  132,  is  a  piece  of  wood  with  semi-globular 
indentations,  which  serve  as  matrices  for  the  glass  to  bo  taken  up  on  the  blower's  pipe. 
d.  The  whip,  a  block  of  wood,  hollowed  so  as  to  form  a  long  neck  to  the  soft  semi-molten 


Fig.  131. 


Fig.  132. 


Fig.  133- 


Fig.  134. 


glass ;  it  is  also  used  to  remove  the  glass  from  the  pipe.  e.  Fig.  134,  are  the  shears  used 
for  trimming  the  molten  glass,  and  to  cut  openings  during  the  blowing  of  various 
orlidcs. 

Plate-glass  is  manufactured  as  crown-glass  or  as  rolled  glass. 

Crown-Kiam.  CrowTi-glass  is  the  oldest  ^d  of  window  glass.  It  is  formed  in  the  manufac- 
ture as  a  disc  of  glass,  generally  of  about  six  inches  in  radius  from  the  periphery  to  the 
centre  knot  left  by  the  glassblower's  pipes,  technically  termed  the  bull's-eye.  The 
largest  discs  are  scarcely  64  to  66  inches,  from  which  a  square  plate  of  22  inches  only  can  be 
out,  the  bulPs-eye  interfering  with  the  cutting  of  a  larger  size.  In  the  preparation  of  this 
glass  three  workmen  are  employed ;  the  first  takes  so  much  molten  glass  on  the  end  of  a 
pipe  as  will  serve  for  a  single  disc,  and  passes  pipe  and  glass  to  the  second  workman,  the 
blower.  He  blows  the  fi^lass  into  a  large  globe  or  ball,  which,  when  finished,  he  hands  to*a 
third  workman,  the  finisher,  who  opens  the  globe  and  forms  the  sheet  or  pane.  The 
labour  is  divided  in  detail  in  the  following  manner:— The  first  workman  receives  the 
warm  pipe,  thrusts  it  into  the  vessel  of  molten  glass,  and  turns  it  steadily  round  until  h^ 
has  collected  upon  the  end  a  knob  of  glass  of  sufficient  size.  The  weight  of  this  knob  is 
generally  10  to  14  pounds.  The  first  workman  imparts  somewhat  of  a  spherical  form  by 
means  of  the  marbel  to  the  solid  glass  ball,  which  is  now  taken  in  hand  by  the  blower, 
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who  by  tnmiitg  and  BhiftLng  the  glus  abont,  at  the  Bame  time  bloiriiig  throngh  ths  tube, 
perfMtH  the  bollow  Bpheroid.  The  gI&B9  faaa  by  this  time  cooled  conBiderabl^,  and  with 
the  pipe  a  theietore  returned  to  tbe  oven,  the  lube  of  tbe  pipe  being  fastened  m  a  fork  or 
hook  in  the  ceiling  of  the  oven.  As  the  globe  of  glaae  ia  gradually  heated  ths  weight  of 
the  rod  cauBes  it  to  flatten  out,  and  it  iB  removed  by  the  finisher  ai  a  dieo  of  nearly 
molten  glBsa.  He  places  the  tube  in  the  cavity  of  the  whip,  and  by  a  serisB  ol  deiteroua 
movementB  perfects  the  shape,  enlarges  tbe  disc  if  required,  or  in  some  oaseE  tnakai 
a  larger  disc  by  removing  tbe  partially  Battened  sphere  from  the  oven,  opening  the  bottom 
witb  a  maul  or  iron  rod,  and  causing  the  glass  to  take  the  form  of  a  diso  by  means  of  the 
oentrifagal  force  reanlting  from  a  rapid  rotary  motion  of  the  rod.  Finally  tbe  diios  ar* 
■eparatad  from  tbe  pipe  by  the  help  of  a  drop  of  cold  water,  and  are  next  plaoed  in  •& 
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■orE^l'uii  Rolled  or  sheet  gkas  is  made  by  cntting  b  glaaa  cylinder  or  roll 
throughout  its  length,  and  beating  or  rolling  it  out  flat  on  &  tttble.  It  ia  for  this 
reason  termed  sheet  glass.  Usually  this  sheet  glass  is  need  for  ground  glass,  and  is 
farther  sepatal^d  into  ordinary  sheet  or  roU-glaas  and  fine  sheet  glass,  tbe  Uttw 
having  larger  dimensions. 


The  preparation  of  sheet  glass  is  ona  of  the  moat  difficult  procesBes  of  glass  manu- 
tacioxe ;  it  may  be  considered  as  consisting  of  two  operations — 
1.  The  blowing  of  the  roll,  or  cylinder ;  and 
3.  The  flattening. 

After  the  molten  glass  has  cleared,  tiud  attained  the  barely  fluid  consisteney 
before  mentioned,  the  workman  inserta  hia  pipe  into  tlte  maaa,  and  by  turning  managai 
to  Bccnmulate  on  it  a  globe  of  glass,  during  the  time  blowing  into  the  tube  ta 
keep  it  clear  of  the  molten  glaaa.  The  glass  now  takes  tlie  form  a.  Fig.  135.  By 
continued  manipulation  in  the  marbel,  and  by  blowing,  the  enlarged  forma,  b  and  0, 
and  finally  d,  are  obtained.  The  glass  has  by  this  time  cooled,  and  is  taken  to  the 
oven  to  be  re-heated.  When  this  is  effected,  the  workman  by  means  of  hia  tools,  by 
a  continued  rotation  of  glass,  and  by  blowing,  brings  the  globe  to  the  shape  repre- 
sented by  /  He  then  opens  out  the  bottom  of  this  form  with  a  maul-stick,  and 
obtains  the  cylinder  e,  which  ia  separated  from  the  pipe  by  dropping  a  litUe  cold 
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water  upon  the  neck,  o,  joining  the  two.  The  removal  of  this  neck  is  next  efi'acted 
by  meana  of  a  red-hot  iron  rod,  which  alao  serves  to  open  the  cylmder  throughont 
its  length  as  shown  by  h. 

After  a  great  nnmbcr  of  these  cjlinJerB  have  been  blown,  the  oporation  being  Benerallj 
contiuned  for  three  days,  the'  openiug  into  platva  is  commenced.  The  cylinders  are  plnced 
in  tin  oven  termed  the  piatP-OTcn,  shown  in  firound  plan  in  Fig.  136,  nonaisting  o(  two 
chambers,  one  tbo  heating  room,  c,  and  the  other  the  tempering  01  annesLing  room,  d. 
In  the  passage  a,  tbe  bested  glnaa  loUn  or  oylinders,  a  a  a,  are  anapended  upon  two  iron 
rods,  where  they  ore  maintained  at  a  coTtain  heat.  The  most  important  part  of  the  plate- 
oven  is  the  plott^n,  c,  made  o(  a  well-rammed  fire-clay.  A  eirailar  plate,  n,  is  placed  in 
the  annealing  room.  When  BufBciently  heated,  the  cylinders  are  broaght  to  the 
flattening  table,  c,  Fig.  137,  where  they  are  speedily  opened  ont  in  the  manner  shown  in 
the  woodcut.  A  workman  stationed  at  if.  Fig.  136,  receives  the  flat  panes  of  glass,  and 
leans  them  against  the  iron  bars,  «  a,  in  the  annealing  room,  whence,  having  gradoally 
cooled  during  four  to  five  days,  Uiey  are  removed  to  be  sorted  and  packed. 

fiutoiHL  Plate'glasB  is  either  blown  or  cast.  The  manu&cture  ia  very  similar  to 
that  of  table-glass  just  deacribed.  The  materials  are  in  great  part  the  aame  as  those 
employed  in  the  manufacture  of  fine  white  glass.  Thia  branch  of  glass  manufacture 
is  moat  strikingly  illustrative  of  the  rapid  growth  of  the  induatry  during  the  last 
ten  or  twenty  years.  Formerly  plate-glass  was  esteemed  an  article  of  luxury, 
whereas  now  it  is  that  most  generally  uaed  for  workshop  windows,  carriages,  show- 
Ttxme,  tK.,  and  for  windows  of  private  remdences.    It  Sax  surpasses  in  trauBpueney 
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and  elegance  tlie  Braall  panes  formerly  naed.  Bj  the  Glass  Juiyof  the  International 
Exhibition  of  Paris  of  1867.  it  was  surmised  that  before  ten  jears  had  elapsed  plate- 
glass  n'ould  be  that  most  generally  in  the  market.  The  blowing  of  plate-glasfi  is 
effected  nitli  the  same  tools  as  the  blowing  of  table-glass;  and  the  cjlinder  is 
obtained  in  a  similar  manner.  The  lump  of  glass  taken  by  the  blower  on  his  pipfl 
from  the  melting  vessel  weighs  shout  45  lbs.,  from  which  a  plate  of  i'5  metres  in 
length  and  i  to  11  metres  breadti  by  i  to  11  centimetres  thicknessis  obtained.  Bnt 
the  chief  method  of  making  plate-glass  is  by  casting.  Cast  plate-glass  is  always  made 
from  pnre  materials,  and  may  be  considered  as  a  soda-calcium  glass  free  from  lead. 
Potash-calcium  glass  is  far  more  expensive,  being  almost  a  culonrlesB  glass.  In 
England,  Belgium,  and  Germany  the  nw  materials  used  in  manufacturing  cast  plate- 
glass  are — sand,  limestone,  and  soda,  or  Glauber's  salts. 
Benrath  (1869)  found  in  English  {a\  and  in  German  (,3)  plate-glass: — 

p. 

Silica 76300  78750 

Hoda '6550  13000 

Lime 6500  6500 

Alumina  and  oxide  of  iron     0650  1750 


Sp-gr 2-448  2456 

The  folloning  description  of  casting  the  plates  is  mainl]'  founded  upon  the  method 
pursued  at  St.  Gobin  and  Ravenhead.    The  manufcotnro  is  included  in — 

1.  The  melting  and  clearing, 

2.  The  casting  and  cooling, 

3.  The  polishing:  including 

o.  The  rough -polishing, 
>3.  The  flne-pohsUing, 
T-  Finishing. 
Tb.MdttD«.i.dci«rtiK.       The  melting  and  clearing  vesBels  are  of  very  dilterent  form  and 
•ize.    The  Qret  is  a  corneal  Tessel  inrmounted  by  a  oopola  having  three  apertares,  making 

Fio.  138. 


an  angle  of  130°  with  each  other.  The  clearing  pans  are  small,  wide,  and  low  veasels. 
These  vessels  are  never  in  the  same  oven.  Alter  the  materials  ore  melted,  whioh  is 
effected  in  sixteen  to  eighteen  houm,  the  molten  mana  is  ponted  into  Uie  clearing  vessels- 
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The  impurities  are  then  removed  with  a  large  copper  ladle,  this  process  occupying  about 
six  hours.  During  the  clearing  the  excess  of  soda  is  volatilised.  When  the  glass  is 
Outing  and  cooUng.  Sufficiently  cleared  the  casting  commences.  The  vessel  containing  the 
molten  glass  is  taken  up  by  a  crane  and  swung  to  the  casting  table,  this  table  or  mould 
being  on  a  level  with  the  cooling  or  annealing  oven.  The  casting  table  consists  of  a 
large  polished  metal  plate,  Fig.  138,  in  the  French  work  of  copper  or  bronze,  4  metres 
long,  2*25  metres  wide,  and  12  to  18  centimetres  thick.  The  plate  at  St.  Gobin  weighs 
55,000  lbs.  and  cost  xoo,ooo  francs  (£4000).  In  England  the  plates  are  of  cast-iron, 
25  centime,  thick,  5  metres  in  length,  and  2*8  metres  wide.  In  order  that  the  glass 
plate  shall  be  of  equal  thickness,  a  bronze  or  cast-iron  roller  passes  over  the  surface  on 
guides  of  the  thickness  Required.  The  metal  plate  is  first  warmed  to  prevent  the  sudden 
cooling  of  the  glass.     The  operation  of  casting  includes — 

a.  The  conveyance  of  the  pan  to  the  table  ; 

b.  The  cleansing  of  the  plate  and  the  pan  ; 

c.  The  casting  and  conveyance  of  the  plate  to  the  annealing  room. 

The  cooling  room  has  two  fire-places  and  three  glass  tables.  The  temperature  is  at 
first  that  of  the  glass  plate  introduced.  So  soon  as  three  plates  are  placed  in  the  oven,  all 
the  openings  are  closed,  and  the  glass  left  for  a  day  to  cool.  The  cooled  glass  plate  is 
taken  out  of  the  annealing  oven  to  the  cutting  room,  laid  on  a  cloth-covered  table,  and 
cut  to  size  with  a  diamond. 

Polishing.  The  glass  plate  is  cut  into  tablets.  The  under  side  of  the  plate,  where  it  has 
been  in  contact  with  the  table,  is  smooth,  while  the  upper  surface  is  wavy,  and  requires 
to  be  polished.  This  is  effected  by  fastening  the  plate  or  tablet  to  a  bench  with  plaster- 
of-Paris,  and  grinding  the  upper  surface  smooth  with  some  sharp  powder ;  or  another 
plate  is  caused  by  machinery  to  move  above  the  former  in  such  a  manner  that  the 
surfaces  of  both  are  ground  smooth.  The  ground  plates  are  then  removed  to  the  polishing 
table,  where  a  similar  process  is  gone  through,  but  with  a  finer  powder.  FiniJly,  when 
placed  upon  the  finishing  table  only  the  finest  powder  and  leathern  pads  are  employed. 
By  grinding  and  polishing  the  glass  sometimes  loses  half  its  weight  and  thickness. 
Suppose  a  plate-glass  manufactory  to  produce  400,000  square  feet  of  glass  annually,  there 
will  be  with  this  amount  of  glass  weighing  about  16,000  cwts.,  a  loss  of  8000  cwts.,  corre- 
sponding to  2700  cwts.  of  calcined  soda,  and  a  money  value  of  more  than  £1000. 

suTaring.  After  polishing,  each  glass  tablet  intended  to  make  a  looking-glass  is  silvered, 
or  more  correctly  coated  on  one  side  with  an  amalgam  of  tin.  In  the  preparation  of  this 
amalgam  tin- foil  is  used,  but  it  must  be  beaten  from  the  finest  tin,  and  possess  a  surface 
similar  to  that  of  polished  silver.  The  art  of  silvering  is  simple,  and  merely  requires 
dexterity.  The  glass  plate  having  been  thoroughly  cleansed  from  all  grease  and  dirt  with 
putty-powder  and  w^ood-ash,  the  workman  proceeds  to  lay  a  sheet  of  tinfoil  smoothly 
upon  the  table,  carefuUy  pressing  out  with  a  cloth  dabber  all  wrinkles  and  places  likely 
to  form  air  bubbles.  He  spreads  over  it  a  quantity  of  mercury,  taking  care  that  eSl 
parts  are  equally  covered,  and  then  the  glass  plate  is  pushed  gently  on  to  the  surface, 
commencing  at  one  edge.  A  glass  plate  of  30  to  40  square  feet  requires  150  to  200  pounds 
of  mercury,  although  the  amalgam  is  not  so  thick  as  a  sheet  of  the  finest  paper.  The  glass 
is  allowed  to  remain  for  twenty-four  hours.  It  is  then  removed  to  a  wooden  incline  similar 
to  a  reading  desk  to  allow  of  the  excess  of  mercury  draining  off.  As  the  amalgam 
graduidly  sets,  the  incline  is  incrrascd  till  finally  the  plate  reaches  the  perpendicular, 
when  the  process  is  finished,  and  the  mirror  removed  to  the  store-room. 

BUreringby        The  former  method  of  coating  the  glass  with  tin-amalgam  obtains  its 

precipiuuon.  name  of  silvering  by  analogy  only :  the  true  process  of  silvering  is  the 
following,  patented  in  1844  by  Mr.  Dra3rton : — 32  grms.  of  nitrate  of  silver  are  dissolved 
in  64  grms.  of  water  and  16  grms.  of  liquid  ammonia,  adding  to  the  filtered  solution 
108  grms.  of  spirits  of  wine  of  0*842  sp.  gr.,  and  20  to  30  drops  of  oil  of  cassia.  Call 
this  fluid  No.  i.  Another  fluid  (No.  2)  is  prepared  by  mixing  i  volume  of  oil  of  cloves 
with  3  volumes  of  spirits  of  wine.  The  workman  places  the  glass  plate  upon  a  table, 
carefully  levels  it,  and  floods  it  to  a  depth  of  o'5  to  i  centimetre  with  fluid  No.  z.  He 
then  precipitates  the  silver  by  adding  6  to  12  drops  at  a  time  of  fluid  No.  2  until  the 
whole  of  the  surface  is  covered.  For  every  square  foot  of  glass  9  decigrammes  of  nitrate 
of  silver  are  required.  Liebig  recommends  an  ammoniaoal  solution  of  fused  nitrate  of 
silver,  to  which  450  c.c.  of  soda-ley  of  1*035  ^P*  S'*  ^^  added.  The  precipitate  thrown 
down  is  dissolved  by  means  of  ammonia,  the  volume  being  increased  to  1^50  0.0., 
and  by  water  to  1500  c.c.  This  fluid  is  mixed  shortly  before  application  wiUi  one- 
sixth  to  one-eighth  of  its  volume  of  solution  of  sugar  of  milk,  containing  10  parts 
by  weight  to  i  of  sugar  of  milk.  The  glass  is  flooded  with  this  fluid  toaboat  nalf- 
an-inoh  in  depth ;  reduction  soon  sets  in,  and  the  glass  becomes  thickly  ooated. 
I  square  metre  of  glass  plate  requires  a*2io  grms.  of  silver.     The   pkte    is  then 
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dried,  oleuied,  and  polished.  Lowe  employs  nitrate  of  BilveT,  Btaroh-Bngor,  and  potuE ; 
A.  Mftrtin,  nitrate  of  silver,  ammonia,  and  tartaric  aoid. 

Fiuiiiiiiii.  According  to  the  researches  of  Dod^,  platinmn  ma;  be  ased  for  coating 
plate-glass.  In  France,  CreBwell  and  Tavenuel  have  already  brought  platinised  mirron 
before  the  pnblic.  Hitherto  platinum  has  been  used  in  ornamenting  pcreelaiti,  and  the 
^Ms  plates  are  prepared  in  a  similar  manner,  the  metal  being  bnmt  in,  as  it  is  termed. 
The  platinum  is  precipitated  from  its  chloride  by  oil  of  lavender,  the  chloride  being 
spread  equally  over  the  glass  with  a  Sna-haired  paint-brnsh.  The  plate  is  then  placed 
in  a  mufSe.  Cheapness  is  a  prominent  feature  of  this  prooees  ;  while  all  faulty  glasses 
oan  be  Ten  easiljr  repaired,  these  by  the  old  methods  being  thrown  aside  as  nselesB.  In 
Puis  the  lida  of  boxes  and  fancy  articles  ore  largely  manufactured  from  platinised  gloM. 

BniuioiuL  Bottle  glass  includes  all  kinds  of  glasa  made  into  veBseb  for  holding 
fluids.  It  is  msde  from  common  green  glass,  from  fine  white  glass,  imd  bom 
cTjrstal  glass.  Medicine  bottles,  &,c.,  are  made  from  common  green  glass ;  tnmblen, 
or  drinking  glasses,  from  fine  white  glass ;  and  ci7Btal  glass  is  employed  for  the  same 
atticleB,  but  selling  at  a  higher  price. 

The  materials  for  oidinaiT  bottle  glass  are  sand,  potash  or  soda,  basalt,  &c.  For 
medicine  glass  the  materiab  must  be  free  from  iron,  and  still  purer  for  the  articles 
of  white  glass.  In  the  manufacture  of  bottle  glass  no  considerable  amount  of  care 
ia  required,  the  desiderata  being  strength  and  anfficieDt  resistance  to  the  action  of 
ordinary  acids.  The  processes  of  melting  and  annealing  are  conducted  in  the 
otdinuy  manner.  The  analyses  of  several  glasses  gave  the  following  results: — 
Silicic  acid    . 


Potash   , 
Soda 


Oxide  of  iron       ...     . 
Oxide  of  nuLUganese    . 


74*71 

1574 
877 
0"43) 


74'66 


75"54  74-37 


7416 


342 

1406 

902 

860 

(2!i2 

071 

10-38 

2'47 


z'47 


230 


The  detuls  of  the  several  processes  of  bottle  gloss  manufactnre  are,  after  the  nialdng 
of  the  rough  shape  out  of  tough  fluid  glass  so  various  that  only  single  examples  can  be 
given.  -We  will  select  the  ordinarywine-bottle. 
The  glassblower,  taking  some  molten  glass 
on  his  pipe,  turns  and  moulds  it  into  the 
shape  of  a.  Fig.  139.  By  continued  blowing 
the  englarged  form,  b,  is  obtained  ;  this  form 
still  more  enlarged,  as  at  c,  is  placed  in  the 
mould,  d.  The  workman  now  blows  sharply 
into  the  incipient  bottle,  the  glass  filling  out 
the  mould  and  producing  the  sharp  curve  of 
the  shoulder  of  the  wine. bottle.  The  rod  or 
pnutil,  e,  is  now  introduced,  and  a  firm  footing 
given  by  pressing  in  the  bottom  of  the  bottle. 

»^M  K  ','   ^         ■!  While  Uie  blower  prepares  a  new  bottle,  the 

■    H  I         ■      '^     assistant  places  that  already  formed  in  the 

K^H  IJ         JN  annealing   oven.      In  the  making  of   flasks 

^ll^r  __lkllSL_         ^"''  ''^'°>'^°  ^^  flask.tongs.    Fig.    140,   are 

^^  employed,  the  neck  being  allowed  to  remain 

straight,  as  at  a.  Fig.  141,  to  form  a  flask,  or 
bent,  as  at  b,  to  make  a  retort.  The  manu- 
facture of  a  beaker  will  be  readily  understood 
from  Figs.  141  and  143,  1,  B,  a,  being  the 
method  of  producing  a  globular  body,  and 
«,  h,  e,  a  beaker  with  nearly  ^rpendicular  sides.  Olass-tubing  is  drawn  out  es  shown  at 
Ilg.  144.    Olass  rods  are  sinularly  made,  but  without  blowing. 
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Premd  and  Cost  ointa.  Pressed  or  cast  glass  comprises  tlie  many  cheap  glass  orna- 
ments, and,  indeed,  ornamental  glass-work  of  all  kinds,  now  so  general.  The  tail, 
narrow-mouthed  chinmey  ornaments  are  thus  made  by  being  blown  into  engraved 
brass  moulds,  instead  of  into  plain  moulds  as  in  the  case  of  the  bottle.  Cup-shaped 
articles  are  made  with  molten  glass  pressed  between  a  concave  and  convex  surfioce, 
the  surplus  glass  escaping  at  some  point  purposely  arranged.  As  a  rule  the  objects 
taken  from  the  moulds  require  but  little  polishing. 

Fio.  140.  Fio.  141. 


Wfttar^iMi.  By  water-glass  is  understood  a  soluble  alkaline  silicate.  Its  prepara- 
tion is  effected  by  melting  sand  with  much  alkali,  the  result  being  a  fluid  substance, 
first  observed  by  Von  Helmont,  in  1640. 

Fig.  142.  Pio.  143. 


I 


Fio.  144. 


It  was  made  by  Glauber  in  1648  from  potash  and  silica,  and  by  him  tenned 
fluid  silica.  Von  Fuchs,  in  1825,  obtained  what  is  now  known  as  water-glass 
by  treating  silicic  acid  with  an  alkali,  the  result  being  soluble  in  water,  but  not 
affected  by  atmospheric  changes. 

The  various  kinds  of  water-glass  are  known  as — 

Potash  water-glass. 

Soda 

Double 

Fixing 

Potash  water-glass  is  obtained  by  the  melting  together  of  pulverised  quartz  or 
purified  quartz  sand  45  parts,  potash  30  parts,  powdered  wood  charcoal  3  parts,  the 
molten  mass  being  dissolved  by  means  of  boiling  in  water.    The  solution  contains 


n 


tt 


tf 
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much  sulphoret  of  potassium,  which  is  removed  hy  boiling  with  oxide  of  copper. 
The  addition  of  carbon  assists  in  reducing  part  of  the  carbonic  acid  to  carbonic 
oxide,  which  disappears  during  the  melting.  Soda  water-glass  is  prepared  with  pul- 
verised quartz  45  parts,  calcined  soda  23  parts,  carbon  3  parts ;  or,  according  to 
Buchner,  with  pulverised  quartz  100  parts,  calcined  Glauber's  salt  60  parts,  and 
carbon  15  to  20  parts.  Double  water-glass  (potash  and  soda  water-glass),  is 
prepared,  according  to  Dobereiner,  by  melting  together  quartz  powder  152  parts,  cal- 
cined soda  54  parts,  potash  70  parts;  according  to  Von  Fuchs,  from  pulverised 
quartz  100  parts,  purified  potash  28  parts,  calcined  soda  22  parts,  powdered  wood 
charcoal  6  parts.      It  is  further  obtained  by  melting  tartrate  of  potash  and  soda, 

^  [  C4H4O6+4H2O,  with  quartz ;  from  equal  molecules  of  nitrate  of  potash  and 

soda  and  quartz ;  from  purified  tartar  and  nitrate  of  soda  and  quartz.  It  is  more 
fusible  than  the  foregoing.     For  technical  purposes  a  mixture  of — 

3  volumes  of  concentrated  potash  water-glass  solution. 
2  „  „  soda  „  „ 

is  employed.  By  the  name  of  fixing  water-glass.  Yon  Fuchs  designates  a  mixture 
of  silica  well  saturated  with  potash  water-glass  and  a  silicate  of  soda,  obtained  by 
melting  together  3  parts  of  calcined  soda  with  2  parts  of  pulverised  quartz.  It 
is  used  to  fix  or  render  the  colours  permanent  in  stereochromy. 

That  known  commercially  as  prepared  water-glass  is  obtained  by  boiling  the 
powdered  water-glass  with  water ;  and  tlie  solution,  as  found  in  the  market, 
is  known  as  of  33®  and  66°,  the  difference  being  that  the  first  100  parts  by 
weight  contain  33  parts  by  weight  of  solid  water-glass  and  67  parts  by  weight  of 
water.  It  therefore  follows  that  in  solutions  of  40°  and  66°,  the  water  is  pro- 
portioned as  60  and  34  parts  respectively.  Acids,  with  the  exception  of  carbonic 
acid,  decompose  water-glass  solutions,  separating  the  silica  as  a  gelatinous  sub- 
stance ;  it  should,  therefore,  be  kept  in  vessels  well  set  apai*t  from  volatile  acids. 

Water-glass  is  an  important  product  in  industry.  It  is  used  to  render  wood,  linen, 
and  paper  non-inflammable.  The  water-glass  of  33°  is  first  mixed  with  double  its 
amount  by  weight  of  rain-water,  and  is  then  treated  with  some  fire-proof  colouring 
matter,  as  clay,  chalk,  fluor-spar,  felspar,  &c.  The  material  to  be  rendered  unin- 
flammable is  painted  with  the  solution,  and  again  with  another  coat  after  the  first  has 
remained  twenty-four  hours  to  dry.  Wood  is  thus  preserved  from  being  worm- 
eaten,  from  encrustation  of  fungi,  &c.  Another  industrial  application  of  water- 
glass  is  as  a  cement ;  in  this  it  is  equal  to  lime,  and,  indeed,  is  known  as  **  mineral 
lime."  Chalk  mixed  with  water-glass  forms  a  very  compact  mass,  drying  as  hard  as 
marble ;  no  chemical  change  is  hereby  effected ;  there  is  no  conversion  to  silicate  of 
calcium  or  carbonate  of  potash ;  the  hardening  is  entirely  tlie  result  of  adhesion. 
Phosphate  of  calcium  treated  with  water-glass  acts  similarly.  Zinc-white  and 
magnesia  lose  none  of  their  useful  properties  when  mixed  with  water-glass. 
Another  important  application  of  water-glass  is  in  the  painting  of  stone  and  concrete 
walls,  and  in  the  preparation  of  artificial  stone.  The  latter,  first  made  by  Eansome, 
is  daily  meeting  with  more  extended  application  in  England,  India,  and  America.  It 
is  prepared  by  mixing  sand  with  silicate  of  soda  to  a  plastic  mass,  which  is  pressed 
into  the  required  shape,  and  then  placed  in  a  solution  of  chloride  of  calcium.  By 
this  means  silicate  of  calcium  is  formed,  and  cements  the  grains  of  sand  together, 
while  the  chloride  of  sodium  is  removed  by  repeated  washings.    As  cement  for  stone, 
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glass,  and  porcelain,  water-glass  is  especially  useful.  It  is  also  employed  in  the 
preparation  of  xyloplastic  casts,  made  of  wood  rendered  pulpy  by  treatment  with 
hydrochloric  acid,  and  afterwards  impregnated  with  water-glass. 

steraoohromy.  An  interesting  and  important  application  of  water-glass  is  in  the  new 
art  of  mural  and  monumental  painting,  termed  by  Von  Fuchs  Stereochromy  (crrepcoc, 
solid,  and  xP^/^i  colour).  In  this  method  of  painting  the  water-glass  forms  the 
foundation  or  binding  material  of  the  colour.  There  is  first  to  be  considered 
the  mortar  or  cement  ground  upon  which  the  painting  is  to  be  executed.  This 
ground  has  to  receive  an  imder-  and  an  over-ground.  It  is  essential,  of  course,  that 
the  fundamental  groundwork  should  be  of  a  stone  or  cement  possessing  every 
requisite  for  durability.  The  next,  or  under-ground,  is  made  with  lime-mortar,  and  is 
allowed  to  remain  for  some  time  to  harden.  When  well  dried  the  water-glass  solu- 
tion is  applied,  and  allowed  to  soak  well  into  the  interstices  of  the  mortar.  After  the 
under-ground  has  been  thus  prepared,  the  over-ground,  or  that  to  receive  the  painting, 
is  laid  on.  This  consists  of  similar  constituents  to  the  under-ground,  with  the 
exception  that  a  good  sharp  sand  is  used,  and  the  mixture  treated  with  a  thin  ley  of 
carbonate  of  lime.  This  over-ground  of  fine  cement  being  nicely  levelled,  and 
having  dried,  it  is  thoroughly  impregnated  with  water-glass.  When  this  is  dry,  the 
painting  is  executed  in  water-colours.  Nothing  further  is  necessary  than  to  fix 
these  colours,  which  is  effected  by  a  treatment  with  a  fixing  water-glass.  The 
colours  employed  are :  —  zinc-white,  chrome-green,  chrome-oxide,  cobalt-green, 
chrome-red  (basic  chromate  of  lead),  zinc-yellow,  oxide  of  iron,  sulphuret  of  cad- 
mium, ultramarine,  ochre,  &c.  Vermillion  is  not  employed,  as  it  changes  colour  in 
fixing,  turning  to  a  brown.  Cobalt-ultramarine,  on  the  contrary,  brightens  on  the 
application  of  the  fixing  solution,  and  is,  therefore,  a  very  efiective  colour.  As  a 
decorative  art  stereochromy  will  doubtless  attain  great  importance,  the  paintings 
being  unafiected  by  rain,  smoke,  or  change  of  temperature. 

cryitai  oiaas.  Crystal  glass  includes  all  lead -containing  potash  glass.  Crystal 
glass  was  first  prepared  in  England.  There  are  a  few  difficulties  in  manufacturing 
this  glass.  The  smoke  from  an  anthracite  coal  fire  is  injurious  to  the  pure  colour  of 
the  glass,  so  tliat  tlie  melting-pot  is  provided  with  a  cover ;  but  this  addition  has  the 
disadvantage  that  the  temperature  necessary  to  melt  the  glass  cannot  easily  be 
obtained.  A  larger  proportion  of  alkali  must  therefore  be  added,  which  deteriorates 
from  the  quahty  of  the  glass,  rendering  it  liable  to  after-change.  To  prevent  this  as 
much  as  possible  oxide  of  lead  is  used  to  make  tlie  glass  more  easily  fusible,  and  by 
this  means  a  beautifuUy  clear,  transparent  glass  results.  The  following  table 
will  give  some  idea  of  the  proportions  of  the  materials : — 

OcLXlU        •••         •••         •••         •••         •••         •••  Jj^^^ 

X  OlASll  •••         •••         •••         •••         •••  100 

Broken  glass      300 

^iinium       200 

Sesquioxide  of  manganese      ...  045 

Arsenious  acid 060 

The  following  mixture  is  used  in  the  glass  houses  of  Edinburgh  and  Leith : — 

OiwUU       •••         •••         •••         •••         •••         •••  Jj^^^ 

X  oleisxi         •••     •••     ««•     •••     •••       100 

Minium       150 

Lead-glaze 50 

And  a  small  quantity  of  sesquioxida  of  manganese  (braonite)  or  arsenioas  acid. 
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To  render  the  glass  fluid,  saltpetre  is  sometimes  added,  bnt  in  moderate  quantities. 
Dnmas  recommends  sand  300,  miniimi  200,  dry  potash  95  to  100.  On  the  supposi- 
tion that  there  is  no  loss  during  melting,  the  mixtures  contain : — 

Silica        57*4  57 

Oxide  of  lead  ...        363  36 

Potash      6*3  .  7 

1000  100 

The  whole  melting  process  is  included  in  12  to  16  hours.  The  glass  is  treated  in 
a  manner  similar  to  that  already  described,  but  is  more  easily  worked.  Benrath  (a) 
and  Faraday  (/3),  found  crystal  glass  by  analysis  to  consist  of: — 

a.  p. 

Silicic  acid       5018  5i'93 

Oxide  of  lead 3811  33*28 

Potash      ii'6i  ^Z'^7 

Alumina,  &c 004  — 

99*95  9888 

According  to  Benrath  normal  crystal  glass  has  the  formula  KioPb7Si36084  (t.^., 
5KaO,7PbO,36Si02). 

Poiiahin«.  Crystal  glass  is  either  cast  in  brass  moulds  or  is  ground.  Its  hardness  admits 
of  its  taking  a  better  polish  than  other  glasses.  The  grinding  wheel  is  of  cast-iron ;  above 
the  periphery  is  fixed  a  yessel  contaimng  water  and  fine  washed  sand,  which  constantly 
drops  upon  the  wheel,  assisting  in  the  cutting.  The  polishing  wheel  is  of  wood,  weU 
served  with  pumice-powder  and  water. 

oytieii  oiMs.  The  preparation  of  good  optical  glass,  especially  in  large  dimensions, 
is  a  matter  of  much  difficulty.  Transparency,  hardness,  a  high  refiractive  power 
with  perfect  achromatism  are  all  required,  and  must  be  obtained  at  the  outlay  of  any 
amount  of  labour.  The  glass  must  also  be  entirely  homogeneous,  else  the  light 
is  not  refracted  regularly ;  threads  and  streaks  (stride)  are  the  results  of  inequality, 
and  it  naturally  follows  that  if  these  appear  to  the  unassisted  eye,  they  will 
seriously  affect  delicate  observations  when  high  magnifying  powers  are  used, 
as  in  telescopes  and  microscopes.  It  is  an  error,  however,  to  suppose  that  these 
irregularities  arise  from  impurities ;  they  are  rather  due  to  interruptions  in  heating 
and  cooling,  or  to  unequally  heating  and  cooling  during  manufacture.  This  must 
especially  be  evident  in  the  case  of  waviness  or  an  undulating  structure  of  the  glass. 
Orown-glass,  free  from  lead,  is  not  so  liable  to  faults  as  flint-glass ;  both  these 
are  employed  for  optical  purposes. 

The  Bev.  Mr.  Harcourt^s  experimental  researches  as  to  the  best  optical  glass,  communi- 
cated to  the  British  Association  at  the  recent  meeting  at  Edinburgh,  by  Professor  Stokes, 
show  fully  what  has  been  accomplished  in  preparing  glass  of  this  order.  Mr.  Haroourt*s 
researches  were  chiefly  carried  on  with  phosphates,  combined  in  many  oases  with  fluorides, 
and  sometimes  with  tungstates,  molybdates,  and  titanates,  owing  to  the  difficult  fusibility 
and  pasty  consistency  of  silicate  glasses.  The  experiments  included  glasses  containing 
potassium,  sodium,  lithium,  barium,  strontium,  calcium,  aluminium,  manganese,  magne- 
sium, zinc,  cadmium,  lead,  tin,  nickel,  chromium,  lead,  thallium,  bismuth,  antimony, 
tungsten,  molybdenum,  titanium,  vanadium,  phosphorus,  fluorine,  boron,  and  sulphur. 
The  molybdic  glasses  first  prepared  were  of  a  somewhat  deep  colour,  deteriorating  with 
age ;  but  at  length  molybdic  glass  was  obtained  free  from  colour  and  permanent, 
^tanio  acid  gave  results  much  superior  to  those  obtained  with  molybdic.  Glass  made 
with  terborate  of  lead  agreed  in  dispersive  power  with  flint-glass ;  while  a  prism  of  this 
glass  extends  the  red  and  blue  ends  of  the  speotnmi  eqmdly  with  a  prism  of  one  part  by 
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Ttdome  ot  flint-glaas  with  two  of  crown-gUsa.  Notwithatuidiiig  the  great  diffionltiM 
krUing  from  stria,  Mr.  Haroonrt  finalljr  auooeeded  va  piepaiing  disoB  of  terbonte  ol  leitd 
•fid  of  a  titonio  gloea,  3  incbeB  in  diameter,  olmoBt  bomogeneona. 

It  is  well  Imown  that  flint-  and  crown-glasB  form  on  aoliromatio  oombinatiDn.  Flint- 
glaea  is  very  eaeil;  rendeied  fluid,  oonducing  to  the  formation  of  stria,  A  variation  of 
tiie  proportions  ol  the  constituent  materials,  thoogb  not  prodnoing  eSeots  Ticdble  to  (he 
eje  alone,  will  strongly  striate  the  glaes,  rendering  it  unfit  for  optic^  parposea.  The  oou- 
atituents  mnst  be  equally  distributed  throughont,  and  this  is  a  great  difQonlty.  Tha 
oiide  of  lead  being  of  se  much  greater  weight  sinha  to  the  bottom,  while  the  lighter  con- 
stituents float  at  the  npper  part  of  the  mdting  vessel.  Usually  this  ia  bo  mndi  the  OMW 
(hat  glasses  of  different  epecifio  gravitieg  ore  obtained  from  the  npper  and  loner  partt  of 
the  melting-pot.  Lamy  has  lately  employed  thuUium  flint-gUaa  in  the  preparation  of 
optical  glaes,  thallium  taking  the  place  of  potash.  CI.  Winkler  BubBtitutes  biunnth  tor  ths 
lead. 

Bont«mp3  manufactores  flint  glass  in  the  following  maimer ; — A  gloss  mass  is  |>re- 
pared  ol — 

White  sand    100  kilos. 

Miniiim 106    „ 

Carbonate  of  potosaa  ...  43  „ 
Mid  placed  over  an  anthraeite  or  stone-coal  fire  in  a  small  melting  oven,  showit  in 
Fig.  145  in  vertical,  and  in  Fig.  146  in  horizontal  section.  The  oven  contains  only 
one  covered  melting  vessel,  b,  standing  on  the  bank,  a.  a  a  are  the  grate  bars ;  o 
an  iron  rake,  enclosed  in  a  fire-clay  cylinder,  d,  and  resting  upon  the  roller,/  After 
about  fourteen  hours  the  mass  becomes  equallyfluid;  and  a  red-hot  rake  is  introdnced 
into  the  vessel  by  which  the  several  layers  of  material  are  intimately  mixed.     In 
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about  five  minutes  the  mass  is  sufficiently  stirred ;  the  iron  rod  is  then  removed,  the 
clay  cylinder  remaining.  This  stirring  is  effected  several  times  without  removing 
the  clay  cylinder;  and  the  glass  is  then  ready  for  blowing  or  casting.  Bat  for 
optical  purposes  it  is,  after  the  removal  of  the  clay  cylinder,  allowed  to  cool  gradually 
during  eight  ilays  in  an  annealing  oveu.    The  most  perfect  pieces  of  glass  are  then 


I  •  •  •  •  • 


•••  •••  •••  ••• 


•  •  •  •  •  • 


425 

43*5 

05 

117 

1-8 
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cnt  from  the  interior  of  the  mass.     According  to  Dumas's  analysis  of  a  sample 
obtained  from  Guinand,  flint-glass  consists  of — 

Silica 

Oxide  of  lead 

Lime 

Potash 

Alumina,  oxide  of  iron,  and) 
protoxide  of  manganese    J 

1000 

The  second  kind  of  optical  glass,  crown-glass  free  from  lead,  contains,  according 
to  Bontemps: — Sand,  izo;  potash,  35;  soda,  20;  chalk,  15;  and  arsenious  acid, 
I  part. 

stms.  The  imitation  of  precious  stones  is  an  interesting  feature  of  glass  manu- 
facture, and  in  Egypt  and  Greece  it  is  an  art  that  has  attained  to  great  perfection. 
All  precious  stones,  with  the  solitary  exception  of  the  opal,  can  be  imitated 
artificially.  The  chief  constituent  of  these  artificial  gems  is  strass,  or  as  it  termed 
by  Fontanier,  Mayence  base ;  and  in  France  artificial  gems  are  mostly  known  as 
Pierres  de  Strass.  This  base,  then,  is  colourless,  and  may  be  considered  as  a  boro- 
silicate  of  the  alkalies  containing  oxide  of  lead,  this  being  in  larger  proportion  than 
in  flint-glass. 

Donault-Wieland  found  colourless  strass  by  analysis  to  consist  of: — 

Silica      381 

Alumina 10 

Oxide  of  lead        530 

l*otash 7.9 

Borax  ) 

Arsenious  acid  / 


•  •  •  •  •  • 


traces 


1000 


This  analysis  gives  the  formula — 

(3K20,6Si02)  -f  3  (3PbO,6Si02) . 

The  various  gems  are  imitated  by  the  addition  of  colouring  oxides,  the  whole  of 
the  materials  being  ground  to  a  fine  powder,  intimately  mixed,  and  melted  at  a 
strong  heat.  The  imitation  of  tlie  topaz  is  obtained  by  taking — strass,  1000 ; 
antimony,  40 ;  and  Cassius's  puri)le,  i  part.  The  topaz  can  also  be  imitated  with — 
strass,  1000 ;  oxide  of  iron,  i  part.  Tlie  imitation  ruhy  is  obtained  with  i  part  of 
the  topaz  paste,  and  8  parts  of  strass,  the  whole  being  melted  together  for  thirty 
hours.  A  ruby  of  leas  beauty  is  obtained  with — strass,  1000 ;  peroxide  of  man- 
ganese, 5  parts.  A  good  emerald  can  be  prepared  from — strass,  1000;  oxide  of 
copper,  8;  oxide  of  chromium,  02  parts.  The  sapphire  is  obtained  from 
strass,  1000;  pure  oxide  of  cobalt,  15  parts.  The  amethyst  from — strass, 
1000;  peroxide  of  manganese,  8;  oxide  of  cobalt,  5;  Cassius's  purple,  02. 
The  beryl  or  atjua  marina  is  imitated  by — strass,  1000 ;  glass  of  antimony,  7  ; 
oxide  of  cobalt,  04.  The  carbuncle  by — strass,  1000;  glass  of  antimony,  500; 
purple  of  Cassius,  4;  peroxide  of  manganese,  4  parts.  Much  attention  has  not 
been  paid  to  the  mode  in  which  the  colouring  is  effected  by  the  metallic 
oxides;     nor    have    experiments    been    tried    with    any    definite   result    as    to 
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the  application  of  tungstic  acid,  molybdio  acid,  titanic  acid,  chromic  acid,  and  prot- 
oxide of  chromium,  &c. 

^'oSS.suiKLIf*  Coloured  glass  may  be  considered  in  two  classes — that.coloared  as 
a  whole,  and  that  only  partially  coloured.  The  latter  is  prepared  with  such 
metallic  oxides  as  will  impart  to  the  glass  very  intense  colour ;  for  instance,  prot- 
oxide of  copper,  protoxide  of  cobalt,  oxide  of  gold,  and  oxide  of  manganese.  This 
kind  of  glass  is  termed  superfine,  and  is  prepared  in  the  following  manner : — Two 
melting  vessels  are  placed  in  the  oven ;  one  contains  a  lead-glass,  the  other  the 
coloured  glass.  We  wiU  take  as  an  example  glass  coloured  red  with  protoxide  of 
copper,  which  if  further  oxidised  imparts  a  green  colour  to  the  glass.  The  glass- 
blower  dips  his  pipe  first  into  the  red  glass,  and  collects  a  sufficient  quantity  to  blow; 
then  he  dips  this  into  the  white  glass,  and  proceeds  to  form  a  cylinder  or  roll,  as  in 
the  making  of  table  glass.  Superfine  glass  is  known  as  *'  outside  "  and  '*  double,*' 
or  "  double  layer."  In  the  first  case  the  workman  takes  a  lump  of  white  glass  upon 
his  pipe  and  covers  it  with  tlie  coloured  glass  ;  or,  in  the  second  case,  he  takes  up 
only  a  small  quantity  of  white  glass,  then  sufficient  of  the  coloured  glass,  and  again 
more  white  glass.  Red  glass  may  be  obtained  with  either  Cassius's  purple,  protoxide 
of  copper,  or  oxide  of  iron  as  the  colouring  ingredient.  Cassius's  purple  is  used 
chiefly  for  ruby-red  glass.  It  was  long  thought  that  ruby-coloured  glass  could  not 
be  obtained  ynih  any  otlier  preparation  than  Cassius's  purple,  but  twenty-five  years 
ago  Fuss  showed  that  chloride  of  gold  was  effectual.  If  glass  containing  salts  of 
gold  or  protoxide  of  copper  is  cooled  suddenly,  the  colour  disappears ;  then  if  again 
gently  warmed,  not  quite  to  softness,  the  colour  suddenly  reappears  in  full  splendour. 
This  phenomenon  occurs  equally  in  atmospheres  of  oxygen,  hydrogen,  and  carbonic 
acid.  In  the  preparation  of  protoxide  of  copper  glass,  lead-glass  is  taken  as  a  basis, 
to  which  3  per  cent  of  the  protoxide  is  proportioned.  The  drawback  to  the  employ- 
ment of  the  protoxide  is  the  readiness  with  which  it  becomes  oxide,  this  imparting 
a  green  colour  to  the  glass.  To  prevent  this  change  iron  filings,  rust,  or  tartar  is 
added,  or  the  glass  is  stirred  with  green  wood.  Copper-glass,  as  has  just  been  said, 
is  colourless  on  cooling,  regaining  its  colour  during  the  process  of  annealing.  Oxide 
of  iron,  known  commercially  as  blood-stone,  ochre,  or  red  chalk,  is  also  used  to 
impart  a  red  colour.  Yellow  and  topaz-yellow  are  obtained  by  means  of  antimoniate 
of  potash  or  glass  of  antimony,  chloride  of  silver,  borate  of  oxide  of  silver,  and  by 
sulphuret  of  silver.  Oxide  of  uranium  imparts  a  green-yeUow.  Blue  is  obtained 
from  oxide  of  cobalt,  more  seldom  by  means  of  oxide  of  copper.  Green  results 
from  the  addition  of  chrome-oxide,  oxide  of  copper,  and  protoxide  of  iron.  Violet 
is  obtained  from  oxide  of  manganese  (braunite)  and  saltpetre ;  black,  from  a  mixture 
of  protoxide  of  iron,  oxide  of  copper,  braunite,  and  protoxide  of  cobalt.  A  beautiful 
black  results  from  sesquioxide  of  iridium. 

oiMs  Painting.  The  delineation  of  figures  and  scriptural  events  in  coloured  glass 
dates  from  a  very  remote  period.  At  first  the  work  was  merely  mosaic,  pieces  oi 
coloured  glass  being  inserted  in  leaden  framework.  Glass  painting  was  known  in 
Germany  in  the  middle  ages,  and  soon  extended  throughout  Europe.  In  the  13th 
century,  when  Gothic  architecture  became  prevalent,  glass  painting  also  became 
more  general,  as  until  then  the  heavy,  round-arched  windows  were  too  small  to 
admit  of  ornament.  But  it  was  not  until  the  I5tli  century  tliat  the  heavy  outlined 
figures  were  discarded  for  the  more  mingled  colours  of  heraldic  device,  as  seen  in 

u 
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the  churches  of  Sebaldos  and  Lorenz,  of  Nnremburg,  in  the  productions  of  the 
celebrated  Hirschvogel  family.  This  style  lasted  till  the  i6th  century,  when  the 
glass-maker  tried  the  effect  of  pigments  upon  glass.  Since  that  time  the  art  has 
gradually  improved,  the  improyement  at  first  being  most  manifest  in  France  and  the 
Netherlands. 

The  nature  of  glass-painting  or  staining  is  in  principle  the  following : — ^When  coloured 
glass,  rendered  easily  fusible  by  the  metallic  oxide  it  contains,  is  finely  pulverised,  and 
laid  upon  a  plain  glass  surface  and  heated,  it  forms  a  skin,  or  "  flash,"  as  it  is 
termed,  this  skin  or  layer  of  glass  being  said  to  be  *'  flashed  on."  It  is  evident  that 
very  brilliant  eflects  may  thus  be  attained.  The  near  surface  of  the  glass  receives 
the  strong  shades  and  colours,  the  other  or  distant  surface  the  lighter  tints.  White 
was  not  employed  in  the  older  glass  paintings,  but  is  now  used  in  the  flesh-tints, 
pure  white  eflects,  &c.  Oxide  of  tin  and  antimoniate  of  potash  yield  a  good  white. 
For  yellow,  Naples-yellow,  or  antimony -yeUow,  or  a  mixture  of  the  oxides  of  iron, 
tin,  and  antimony,  or  of  antimonic  acid  and  oxide  of  iron,  of  sulphuret  of  silver  and 
Bulphuret  of  antimony,  or  chloride  of  silver  is  used ;  for  red,  oxide  of  iron,  purple  of 
Cassius,  and  a  mixture  of  oxide  of  gold,  oxide  of  tin,  and  chloride  of  silver ;  for 
brown,  oxide  of  manganese,  yeUow  ochre,  umber,  and  chromate  of  iron ;  for  black, 
<»dde  of  iridium,  oxide  of  platinum,  oxide  of  cobalt,  and  oxide  of  manganese ;  for 
blue,  oxide  of  cobalt,  or  potassium-cobalt  nitrate ;  for  green,  the  oxides  of  chromium 
ftnd  copper.  Two  kinds  of  colours  are  distinguished,  the  hard  and  the  soft.  The 
soft  are  called  varnish  colours,  are  not  very  eaisily  fluid,  forming  a  kind  of  glaze  upon 
the  glass.  These  colours  are  placed  upon  the  outer  suiface.  The  hard  or  decided 
tints  are  semi-opaque,  and  are  placed  upon  the  inner  surface  of  the  glass.  The 
binding  fluid  or  vehicle  is  a  mixture  of  silica,  minium,  and  borax,  with  which  the 
colour,  being  previously  ground  to  a  fine  powder,  is  intimately  mixed.  This  mixture 
is  painted  on  the  glass  with  a  pencil,  and  the  glass  plate  is  afterwards  fired  in  a 
muffle.  Kecently  volatile  oils  have  been  employed  as  a  vehicle,  viz.,  oil  of  turpen- 
tine, lavender,  bergamot,  and  cloves.  The  buming-in,  or  firing,  the  colours  was 
formerly  eflected  by  placing  the  glass  tablet  with  dried  and  pulverised  lime  in  an 
iron  pan  raised  to  a  red  heat.  But  recently  the  muffle  oven  has  been  employed. 
The  bottom  of  the  muffle  is  covered  to  a  depth  of  one  inch  with  dry  powdered  lime, 
upon  which  the  plate  of  glass  is  laid,  and  again  a  layer  of  lime.  The  oven  is  then 
raised  equally  to  a  dark  red  heat.  After  six  to  seven  hours  the  fire  is  gradually 
withdrawn,  and  the  oven  allowed  to  cool.  The  glass  is  taken  out,  cleansed  with 
warm  water,  and  dried. 

*"SiiLter  o*i^if^  ^y  enamel  is  understood  in  glass  manufacture  a  coloured  or 
colourless  glass  mass  rendered  opaque  by  the  addition  of  oxide  of  tin.  It  formerly  waa 
prepared  in  the  following  manner : — An  alloy  of  15  to  i8  parts  tin  and  100  parts  lead 
was  oxidised  by  heat  in  a  stream  of  air,  the  oxide  pulverised  and  washed.  The 
mixture  of  the  oxides  was  then  fritted  with  the  glass.  An  enamel-like  appearance 
is  imparted  to  glass  by  arsenious  acid,'  chloride  of  silver,  phosphate  of  calcium^ 
cryolite,  fluor-spar,  aluminate  of  soda,  and  precipitated  sulphate  of  barium.  Bone 
glass,  so-called,  is  a  milk-white,  semi-opaque  glass,  containing  phosphate  of  calcium 
in  the  shape  of  white  bone-ash,  sombrerite,or  phosphorite.  It  is  employed  for  lamp- 
globes  and  shades,  thermometer-scales,  &c.  It  is  made  by  adding  to  white  glass 
about  10  to  20  per  cent  of  white  bone-ash,  or  a  corresponding  quantity  of  mineral 
phosphate.    After  melting  the  glass  is  generally  clear  and  transparent,  becoming 
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milk-white  and  opaque  during  the  process  of  blowing.  The  colour  is  finally 
developed  during  annealing.  A  similar  glass  to  the  preceding  is  alabaster  glass,  but 
the  latter  is  more  opaque.  It  is  also  termed  opal  glass,  rice  glass,  or  rice-stone 
glass,  and  Reaumur's  porcelain.  The  materials  are  tlie  same  as  in  the  preparation  of 
crystal  glass,  of  which  it  may  be  considered  the  scum  or  underlayer  of  impuritiet, 
though  it  is  really  imperfectly  prepared  crystal  glass. 

cryoute  oian.      Cryolite  glass,  or  hot-cast  porcelain,  has  recently  been  manufactured 
in  Pittsburg.    It  is  a  milk-white  glass,  obtained  by  melting  together 

Silica ^7*19  V^T^  ^^^^ 

Cryolite      23*84 

Oxide  of  zinc     897 

Fluor-spar  or  aluminate  of  sodium  may  be  substituted  for  cryolite.    Benrath  found 
(1869)  in  such  a  milk  glass — 

Silica yo'oi  per  cent 

Alumina     1078 

OUUtt  ...      .•■      •«•      •«.       •«•      ...      ■••      xu^x 


»»         »» 
»»         »» 


»»  »» 

fr  I* 


lOO'OO 

Im  oimc  Ice  glass  is  made  by  plunging  the  mass  of  glass  attached  to  the  end  of  the 
blower's  pipe,  still  at  a  glowing  red-heat,  into  hot  water,  in  which  the  glass  is  opened 
and  blown  out.  It  then  resembles  a  mass  of  thawed  ice,  with  a  beautifully  pellucid 
appearance.  It  is  also  known  as  crackle-glass ;  in  France,  as  verre  eraquete.  Agate  glasi 
is  obtained  by  melting  together  the  waste  pieces  of  coloured  glass. 

HaauUnon.  Astndito.  Thls  is  a  glass  resembling  that  found  in  the  Pompeiian  excavations, 
and  mentioned  by  Pliny.  It  possesBes  a  beautiful  red  colour,  between  that  of  venmllion 
and  of  miniom,  is  opaque,  harder  than  ordinary  glass,  bears  a  high  polish,  and  has  a 
sp.  gr.  =  3-5.  The  colour  is  lost  by  melting,  and  by  no  addition  can  be  recovered.  The 
glass  contains  no  tin  or  protoxide  of  copper  as  a  colouring  matter.  Von  Pettenkofer 
assimilated  to  this  glass  by  melting  together  silica,  lime,  burnt  magnesia,  litharge, 
soda,  copper-hammerings,  and  smithy  scales.  A  part  of  the  silica  in  the  mixture  is  decom- 
posed by  means  of  boracic  acid,  and  a  mass  is  obtained  which,  when  ground  and  polished, 
exhibits  a  dark  red  colour  of  great  beauty.  Pettenkofer  gave  to  this  glass  the  term 
astraUte,  from  the  beautiful  shotte-colour  of  blue  or  dichromatic  tint  shimmering  through- 
out the  mass. 

ATentorin  gum.  Aveuturin  or  avanturin  glass  was  formerly  made  only  in  the  Island  of 
Morano,  near  Venice,  but  is  now  prepared  throughout  Germany,  Italy,  Austria,  and 
France.  It  is  a  brown  glass  mass  in  which  crystalline  spangles  of  metallic  copper 
according  to  Wohler  (of  protoxide  of  copper  according  to  Von  Pettenkofer)  appear 
dispersed.  Fremy  and  Clemandot  have  produced  a  glass  similar  to  aventurin  glass,  and 
which  consisted  of  300  parts  glass,  40  parts  protoxide  of  copper,  and  80  parts  copper-scale. 
The  Bavarian  and  Bohemian  glass  houses  produce  an  aventurin  glass  rivalling  the 
original.  Von  Pettenkofer  has  prepared  aventurin  glass  direct  from  haamatinon  by  mixing 
sufficient  iron-filings  with  the  molten  mass  to  reduce  about  half  the  copper  contained. 
Pettenkofer  surmises,  and  with  good  reason,  that  aveuturin  glass  is  a  mixture  of  green 
protoxide  of  copper  glass  with  red  crystals  of  silicate  of  protoxide  of  copper,  these  comple- 
mentary colours  giving  the  brown  tint.  This  glass  is  also  well  imitated  by  melting  a 
mixture  of  equal  parts  of  the  protoxides  of  iron  and  copper  with  a  glass  mass.  The  protoxide 
of  copper  appears  after  a  long  annealing  as  a  separate,  crystalline,  red  combination, 
while  the  protoxide  of  iron  is  lost  in  the  gr^n  colour  it  imparts  to  the  glass.  Pelouze 
found  that  by  freely  adding  ohromate  of  potash  to  the  glass  materials  spangles  of  oxide  of 
ehromium  were  separated.  He  termed  this  glass  chrome-aventurin ;  it  has  been 
employed  by  A.  Wachter  in  the  glazing  of  porcelain. 

GUa  B«ii«f.  Glass  relief  is  obtained  by  enclosing  a  body  of  well-burnt  unglazed  J^hite 
clay,  moulded  to  the  required  form  between  layers  of  lead-glass,  the  result  being  similar 
in  appearance  to  an  article  in  matted  silver.  Gold  matte  is  imitated  by  employing  a  yellow 
glass.  This  branch  of  tiieir  art  has  been  known  to  the  Bohemian  glass  manufacturers  for 
upwards  of  eighty  years. 
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liiicrM.  or  Reueouud       By  fibre  or  filigree  glass  is  understood  that  kind  of  glass  work 
oiAM.  formed  of  yariouBly  coloured  or  white  opaqne  glass  threads,  these 

threads  being  sometimes  as  fine  as  a  single  hair.  They  are  generally  drawn  oat  from 
tabes  or  sticks  of  glass  of  various  colours,  heated  to  redness,  and  formed  into  sticks,  tubes, 
or  spirals.  Two  of  these  tubes  are  taken,  placed  together,  and  blown  out  into  a  vessel  of 
the  required  form,  which  is  characterised  by  the  conformation  of  the  glass  threads  in  the 
stick.  From  the  spiral  network  thus  formed  this  kind  of  glass  is  sometimes  termed 
reticulated. 

MUiiflora  Work.  Millifioro  work  is  a  peculiar  form  of  mosaic  glass  work,  in  preparation 
similar  to  that  of  Petinet  glass.  Small  filigree  canes  of  different  coloured  glass  are  placed 
side  by  side  to  form  a  thick  cord  or  column,  the  cross  section  of  which  appears  of  a  parti- 
coloured grain.  These  cords  or  columns  can  be  twisted  to  almost  any  required  form,  or 
when  heated  and  drawn  out  the  glass  threads  of  various  colours  of  which  it  is  composed 
form  a  single  thread  of  very  varied  hue  and  great  beauty.  These  threads  again  can  be 
worked  into  ornaments,  or  formed  into  lumps  or  balls.  The  best  kind  of  millifiore  work 
'are  the  paper-weights,  often  sold  at  fancy  bazaars  as  Bohemian  glass  weights — these  are 
merely  lumps  or  rolls  of  the  many  coloured  glass  thread  placed  together,  heated,  and 
finally  coated  with  a  film  of  clear  white  glass  by  being  for  a  few  moments  held  in  the 
white  glass  melting-pot. 

oiftM  Pearii.  There  are  two  kinds  of  artificial  or  glass  pearls,  namely,  solid  or  massive 
pearls  and  blown  pearls.  The  first  are  known  as  Venetian  pearls,  and  those  made  in 
Venice  are  preferred,  the  export  from  this  city  in  1868  representing  a  money  value  of 
7t755f000  francs.  The  manufacture  is  chiefly  carried  on  in  the  Island  of  Murano.  The 
pearls  are  made  from  small  glass  tubes,  either  white  or  coloured.  Oxide  of  tin  is  employed 
.  in  the  preparation  as  well  as  the  various  metallic  oxides  for  imparting  the  desired  colours. 

Solid  p«Aru.  The  glass  tubes  are  cut  into  small  pieces  or  cylinders.  The  sharp  edges  of 
these  cylinders  are  removed  by  placing  them  in  an  iron  vessel  brought  to  a  red  heat, 
the  beads  being  constanly  stirred  with  an  iron  spoon.  Previous  to  this  operation  the 
interior  or  hollows  of  the  beads  are  filled  with  powdered  charcoal.  They  are  then 
well  washed,  dried,  and  packed.  By  another  mode  of  preparation  the  pieces  of  glass 
tubing  are  placed  in  a  revolving  vessel  similar  to  a  coffee -roaster.  The  finished  pearls 
are  generally  strung,  the  charcoal  being  placed  in  the  interior  or  tube  of  the  bead  to 
prevent  its  closing. 

Blown  Pearb.  The  preparation  of  blown  pearls  is  quite  a  distinct  manufacture.  They 
resemble  the  real  pearl  in  form,  colour,  and  surface.  Jaquiu,  a  French  paternoster  or 
rosary  maker,  in  the  year  1656,  remarked  that  when  whitings  (Cyprinus  albumust  ablettea) 
were  washed  with  water,  a  residue  remained  consisting  of  a  beautiful  pearly  substance. 
This  was  the  foundation  of  the  manufacture  of  the  artificial  pearl.  Jaquin  scaled  the 
fish,  mixed  the  scales  with  water,  and  obtained  the  celebrated  '*  Oriental  pearl-essence,^*  or 
"  Essence  d'Orientf''  a  substance  identical  with  Gitanin.  A  small  bead  of  gypsum  or 
other  hardening  paste  is  coated  with  this  mixture,  dried,  and  dipped  into  molten  glass,  a 
thin  film  of  which  adheres. 

The  pearl  is  sometimes  round,  sometimes  pear-shaped,  or  flat.  Another  method  of 
preparing  the  pearls  is  by  means  of  beads  blown  from  glass  tubes  of  various  thicknesses. 
These  beads  or  small  bulbs  are  then  filled  with  pearl-essence.  To  prepare  this  essence, 
say  a  quantity  of  120  grms.,  4000  fish  are  necessary;  thus  a  pound  of  pearl-essence 
requires  18,000  to  20,000  fish  for  its  preparation.  The  scales  are  allowed  to  stand  aboat 
an  hour  in  water  to  permit  the  slimy  matter  adhering  to  them  to  settle  ;  they  are  rubbed 
down  in  a  mortar  with  fresh  water,  and  strained  through  a  linen  cloth.  Thus  prepared 
the  paste  is  ready  for  insertion  in  the  glass  beads,  a  little  ammonia  being  added  to  prevent 
decay. 

Hyaiognphy.  Hyalography,  or  the  art  of  etching  on  glass,  is  due  to  one  Heinrioh 
Sohwankhardt  or  Schwandard,  an  artist  living  at  Nuremburg  in  1670.  It  consists  of  the 
following  operations  : — Powdered  fluor-spar  is  treated  with  concentrated  sulphuric  acid  in 
a  leaden  vessel ;  gentle  heat  is  applied,  the  vessel  being  covered  with  the  glass  plate  to  be 
etched  coated  with  wax,  through  which  the.  design  is  traced  with  a  steel  etohmg-needle. 
Vapours  of  hydrofluoric  acid  (FIH)  are  evolved,  which  combine  with  the  silica  of  the 
'glass,  forming  fluoride  of  silicon,  SiFla,  and  volatilising.  The  plate  is  afterwards  washed 
with  warm  oU  of  turpentine.  The  first  practical  application  is  due  to  Hann,  of  Warsaw, 
in  1829.  More  recently,  Bottger  and  Bromeis,  with  Auer,  of  Vienna,  have  improved  the 
processes.  The  etching  (-ground  used  for  engraving  on  metaUic  surfaces  would  not  in  this 
case  give  favourable  results.  Piil  recommends  a  molten  mixture  of  i  part  asphalt  and 
«z  part  colophonium,  with  so  much  oil  of  turpentine  as  will  bring  the  mass  to  the  eon- 
sistency  of  a  syrup.  Etched  glass  plates  have  been  used  by  Bottger  and  Bromeis  to  print 
irom  instead  of  steel  and  copper.    In  the  press  the  glass  plate  is  backed  by  a  cast-iron 
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plate.  The  process,  however,  has  not  been  practically  successful ;  it  is  better  suited  to 
the  production  of  bank-notes,  Ac,  than  engravings,  the  resulting  etchings  being  hard  in 
tone.  But  for  purposes  of  decoration,  etched  glass  is  largely  used.  By  the  method  of 
Tessi^  du  Motay  and  Mar^chal  of  Metz,  a  bath  is  made  of  250  grms.  of  hydrofluoride  or 
fluoride  of  potassium,  x  litre  of  water,  and  250  grms.  of  .ordinary  hydrochloric  acid. 
Kessler  employs  a  solution  of  fluoride  of  ammonium. 


Cebamic  ob  Earthenware  Manufacture. 

^"^"""FeuSir^'^"*^"*         To  the  most  important  alumina  combinations  found  native 
belongs  felspar.    This  mineral  is  one  of  the  chief  members  of  the  class  containing 

gneiss,  granite,  and  porphyry.    Potash-felspar,  livfOs,  with  654  parts  of  silica, 

18  alumina,  and  i6'6  potash,  is  also  known  as  orthoclase  or  adularia;  when 
sodium  takes  the  place  of  potassium,  the  felspar  albite  is  formed.  According  to 
Mitscherlich  some  felspars  contain  04  to  2*25  per  cent  of  barium.  When  felspar  is 
under  the  influence  of  water  and  carbonic  acid  vnth  changes  of  temperature,  it  loses 
its  silicate  of  potash,  which  being  washed  out,  the  potash  is  taken  up  by  plants,  and 
will  perhaps  account  for  some  portion  of  the  potash  always  present  in  their  ash ; 
some  of  the  silicate  is  acted  upon  by  carbonic  acid,  by  which  the  silicic  acid  is  sepa- 
rated and  soluble  carbonate  of  potash  formed.  In  following  this  decomposition  to  a 
conclusion,  we  may  surmise  that  the  silicic  acid  thus  set  free  becomes  a  constituent 
of  the  opal  and  chalcedony  spar.  AU  clays  are  essentially  silicate  of  alumina ;  and 
in  many  instances,  as  in  Devonshire  and  Cornwall,  the  change  from  felspar  of  the 
fine  white  granite  to  clay  by  disintegration  is  very  perceptible.  By  washing  this 
clay  to  free  it  from  quartz  and  mica  a  fine  white  clay  is  obtained,  known  as  kaolin  or 
KAoiin.  or  Porcelain  Clay,  porcclain  clay.  Again,  by  washing  with  potash  ley,  whereby  the 
free  silica  is  taken  up,  there  is  obtained,  in  most  cases,  a  fine  plastic  mass,  consisting 
of  I  molecule  of  alumina,  i  molecule  of  silica,  and  2  molecules  of  water.  The 
quantity  of  free  silicic  acid  varies  between  i  to  14  per  cent. 
The  weathering  of  the  felspar  may  be  formulated  thus — 

I  moL  felspar,  SijOsKAl,  or  ^^  I  Os* 
gives,  under  the  influence  of  water, 

I  mol.  porcelain  clay,  2SiO^HAl,  and 
I     „    acid  silicate  of  potash, 

the  latter  forming  a  soluble  combination  similar  to  water-glass.  Porcelain  clay  occurs  in 
the  following  localities: — x.  Bavaria:  Aschaffenburg,  StoUberg,  Diendorf,  Oberedsdorf. 
2.  Prussia :  Mori  and  Trotha,  near  Halle  (material  for  Berlin  porcelain  manufacture — 
decomposed  or  disintegrated  porphyry).  3.  Saxony:  near  Schneeberg  and  Mionia. 
The  first  is  a  weathered  granite ;  the  latter,  porphyry.  4.  Eastern  Hungary : 
Brenditz  in  Moravia;  near  Carlsbaid,  Bohemia;  Prinzdorf  in  Hungary.  5.  France: 
St.  Trieuz,  near  Limoges.  6.  England :  St.  Austell,  in  Cornwall.  Weathered  granite ; 
a  mixture  of  orthoclase  and  quartz.  It  is  found  chiefly  on  Tregoning  Hill,  near  Helstone« 
7.  China.  It  naturally  follows  that  the  clay  should  contain  foreign  substances ;  and  it  i» 
from  the  quality  and  quantity  of  these  substances  that  the  several  varieties  of  clay  are 
obtained,  of  course  with  due  reference  to  the  chief  constituents — silicic  acid  and  aloomuk 
The  purer  clays  contain  generally  the  following  foreign  substances: — Sand,  partly  as 
quartz  sand,  as  silicate  of  potash,  and  partly  as  particles  or  fragments  of  undecomposed 
minerals;  baryta  combinations ;  carbonate  of  magnesium;  carbonate  ot  caksinm ;  ozideof 
iron ;  sulphur  pyrites ;  and  organic  matter. 

^^qSSSHSiS'S^      For  the  technical  appUcation  of  the  days  the  in^portant 
qualities  are  ccloar,  plasiicitj,  and  well  hardening  under  heat. 
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Colour.  Naturally  clays  are  white,  yellow,  blue,  or  green.  Pure  clay  is  white ; 
eoloured  clays  are  the  result  of  several  admixtures.  White  clay  contains  but  a  small 
quantity  of  protoxide  of  iron,  and  becomes  after  burning  yellow  or  red ;  these  colours 
originating  from  the  organic  substances  disappear  on  their  being  volatilised  after 
many  firings.  The  coloured  clays  change  their  colour  during  firing,  becoming 
red  or  red-yellow.  Fine  clays  are  prepared  only  from  those  becoming  white  by 
continued  burning. 

iiMiidty.  The  clay  should  absorb  water  readily,  forming  a  tenacious  mass,  capable 
of  taking  sharp  and  clear  impressions.  It  is  clear  that  the  plasticity  of  the  clays 
depends  in  a  great  measure  on  their  composition.  Sand  is  the  constituent  most 
prejudicial  to  plasticity,  lime  less  so,  and  oxide  of  iron  least  of  all.  Clay  pos- 
sessing a  high  degree  of  plasticity  is  said  to  he  fat  or  long,  and  when  in  the  opposite 
condition  lean,  thin,  or  short.  All  shrunk  clays,  that  is,  all  clays  decreased  in  volume 
by  burning,  are  said  to  be  either  drawn  or  hurst.  The  amount  of  shrinkage  depends 
of  course  upon  the  quantity  of  water  the  clay  contains ;  the  same  kind  of  clay  does 
not  always  exhibit  the  same  shrinkage.  Fat  clays  shrink  more  than  short  clays. 
The  diminution  in  surface  by  shrinkage  varies  between  14  and  31  per  cent,  the 
capacity  or  solid  contents  between  20  and  43  per  cent.  Clay  may  be  burnt  so  hard 
as  to  give  sparks  when  struck  with  steel ;  but  its  property  to  form  a  plastic  mass 
with  water  is  then  wholly  lost.  Pure  clay  (silicate  of  alumina)  is  by  itself  infusible, 
but  by  mixture  with  lime,  oxide  of  iron,  and  other  bases  becomes  more  or  less 
easily  fusible.  According  to  the  experiments  of  £.  Richters  (1868)  the  refractory 
qualities  of  clay  are  least  influenced  by  magnesia,  more  so  by  lime,  still  more  by  oxide 
of  iron,  and  most  by  potash.  Fusible  clay  obviously  is  not  adapted  to  the  manu- 
fiacture  of  porcelain  or  such  w£U'e  as  is  likely  to  be  exposed  to  a  high  temperature. 
A  fusible  and  a  refractory  clay,  when  heated  together,  enter  into  a  mass  that  does 
not  cleave  to  the  tongue.  By  the  manufacture  of  clay  ware,  then,  is  understood  the 
binding  of  certain  clays  together  by  means  of  a  suitable  flux. 

I  Kindt  of  cuy.      The  clays  employed  in  ceramic  manufacture  are — 

1.  Refractory  clays ;  as  porcelain  and  plastic  clays. 

2.  Fusible  clays ;  as  potter's  clay. 

3.  Limey  clays;  as  marl,  loam. 

4.  Ochre  clays ;  as  ruddle,  ochre. 

Of  these  porcelain  clay  is  the  most  important ;  it  is  of  various  colours,  very 
tenacious,  plastic  to  a  high  degree,  burns  white,  and  is  not  fusible  in  a  porcelain- 
oven  fire.  It  is  ordinarily  found  in  the  tertiary  formation,  almost  always  accompa- 
nied by  other  kinds  of  clay,  by  quartz -sand,  and  by  brown  coal.  For  practical 
purposes  it  is  important  to  know  that  clays  of  the  same  strata  and  of  the  same 
pit  often  difiier  largely  in  their  refractory  property.  This  is  not  only  the  result  of 
experience,  but  of  a  lengthy  series  of  experiments  made  by  C.  Bischof,  Otto,  and 
Th.  Richters.  The  strata  near  Klingenberg-on-the-Maine,  at  Coblenz,  Cologne, 
Lautersheim,  and  Vallendar-on-the-Rhine,  Weisboch  in  Baden,  Bunzlau  in  Silesia, 
Schwarzenfeld  near  Schwandorf,  and  Kenmath  in  Bavaria,  in  the  province  of 
Hessen,  in  Saxony,  in  Belgium,  near  Dreux  in  France,  and  Devonshire  and  Stour- 
bridge in  this  country,  are  all  celebrated  for  this  clay.  The  following  analyses  give 
the  composition  of  various  refractory  days : — 
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I.  Almerode  in  Kurhessen  (crucible).     2.   Schildorf  near  Passau  (graphite  crucible). 
3.  Einberg  near  Coburg  (porcelain  capsule).    4.  Stourbridge.    5.  Newcastle  (fire-brick). 

The  composition  of  the  Stourbridge  fire-clay  will  be  seen  from  the  following 
•nalyses  by  Professor  F.  A.  Abel,  F.RS.,  Chemist  to  the  War  Department:— 

Peroxide  of  Iron.      Alkalies,  Waste,  4eo. 
6*63  064 

571  205 

540  175 

490  230 

470  068 

398  3*55 

3*41  356 

302  272 

300  1 90 

» 

The  sample  No.  9,  containing  only  snch  a  small  quantity  of  iron,  is  much 
superior  to  No.  i,  whose  refractory  properties  may  be  doubted.  The  clay  is  dug 
from  pits  varying  from  120  to  570  feet  in  depth.  It  is  generally  found  below  three 
workable  coal  measures,  between  marl  or  rock  and  an  inferior  clay.  The  seam 
averages  3  feet  in  thickness,  never  exceeding  5  feet,  and  the  middle  of  the 
seam  contains  the  clay  selected  for  crucibles,  &c.  Pot-clay  or  crucible-clay  only 
occurs  in  small  quantities,  and  costs  at  the  pit-mouth  55s.  a  ton,  ordinary  fire-clay 
only  realising  los.  a  ton. 

PoMar-s  cUy.  Ordinary  potter's  clay  also  possesses  most  of  the  properties  of  plastic 
clay ;  many  varieties  form  with  water  a  similarly  tenacious  mass.  But  potter's  clay 
is  highly  coloured,  retaining  the  colour  after  burning.  It  effervesces  on  the  applica- 
tion of  hydrochloric  acid  and  changes  to  marl.  It  foUows  from  its  containing  large 
proportions  of  lime  and  oxide  of  iron  that  it  is  fusible,  and  melts  according  to 
the  quantity  of  these  constituents  at  a  higher  or  lower  temperature  into  a  dark 
coloured,  slag-like  mass.  It  is  found  in  the  last  formation,  or  entirely  on  the 
surface  of  the  earth,  and  sometimes  in  the  tertiary  formation.  It  contains  among 
other  foreign  substances  organic  matter,  iron  and  other  pyrites,  gypsum,  &c. 

waikwiu.  Walkerite,  or  Walker's  clay  (Fuller's  earth)  is  a  soft,  friable  mass,  occurring 
from  the  weathering  of  Diorite  and  Diorite  slate.  In  water  it  separates  to  a  powder, 
not  forming  a  plastic  pulp.  In  its  powdered  condition  it  is  of  use  as  an  absorbent 
of  fat,  Ac.,  whence  its  application  to  the  removal  of  grease  spots  in  books,  &c.  It  is 
found  at  Reigate  in  Surrey,  Maidstone  in  Kent,  further  at  Aix-la-ChapeUe,  in 
Saxony,  Bohemia,  Silesia,  and  Moravia.  It  is  employed  in  paper-making,  and  as  an 
addition  to  ultramarine. 

mml  Marl  is  a  mechanical  mixture  of  clay  and  carbonate  of  calcium,  containing 
sand  (sand-marl),  and  other  constituents;  that  containing  lime  is  called  lime-marl; 
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that  clay,  day-marl.  In  water  it  falls  to  powder,  and  forms  a  non-adhedve,  pasty 
mass.  With  acids  it  effervesces,  whereby  more  than  half  the  weight  is  lost  It  melts 
easily.  It  is  found  in  the  lias  and  chalk  formation.  Its  chief  application  is^  to  the 
improvement  of  land. 

LoMA.  Loam  may  be  considered  as  the  result  of  the  mixture  of  clay  with  sand.  It 
is  a  clay  more  or  less  mixed  with  quartz-sand  and  iron-ochre,  also  with  lime,  when  it 
asstmies  a  yellow  or  brown  colour,  changing  on  burning  to  a  red.  It  forms  with 
water  a  slightly  plastic  mass,  and  is  not  very  refractory.  It  is  found  always  on  the 
surface  of  the  earth,  and  known  as  common  clay,  employed  in  the  manufacture  of 
bricks,  coarse  pottery,  &c. 

There  is  sometimes,  but  very  seldom,  used  in  earthenware  manufacture,  a  mixture 
of  clay  and  iron-ochre  or  hydrated  oxide  of  iron  {2Fea03,3HO). 

oompotiuon  of  Kaoun.  Kaoliu  in  pure  condition,  and  only  by  means  of  washing,  freed 
from  coarse  substances,  quartz,  sand,  &c.,  is  a  mixture  of  porcelain  clay  with  rocky 
residue.  Porcelain  clay,  i.e.  the  plastic  part  of  kaolin,  is  always  of  equal  composi- 
tion.   The  composition  of  kaolin  is  given  in  the  following  analyses : — 

Silica. 


From. 

Becky  residue. 

Free. 

■» 
Combined 

with  Alumina. 

Alumina. 

Watei 

St.  Yrieux     ... 

97 

10*9 

310 

34*6 

1 2*2 

Cornwall 

19*6 

1*2 

453 

240 

87 

Devonshire    ... 

43 

10*  I 

340 

368 

127 

Passau   

45 

97 

367 

370 

12*8 

Aue        

i8o 

17 

34*2 

341 

ii*o 

Mori,  near  Halle 

438 

44 

21-6 

225 

7*5 

Eindi  of  cuy  Ware.  Clay  warc  is  generally  separated  into  dense  and  porous  ware.  The 
dense  ware  is  so  strongly  heated  that  half  its  mass  is  lost ;  its  fracture  is  glazed  and 
xx>nchoidal ;  it  is  translucent  and  compact,  being  impenetrable  to  water ;  and  it  gives 
a  spark  when  struck  with  steel.  Porous  clay  ware  js,  in  the  mass,  not  glazed,  its 
fracture  open  and  earthy;  and,  when  not  superficially  glazed,  water  freely  per- 
colates through  it.  It  also  clings  to  the  tongue.  The  burnt  mass,  whether  dense  or 
porous  ware,  either  remains  rough  or  is  glazed. 

The  following  are  the  essential  varieties  of  day  ware : — 

I.  Dense  Clay  Ware.  A.  Hard  porcelain*  The  mass  equal  throughout ;  not  indented 
with  a  knife ;  nne-grained,  translucent,  sonorous,  and  white.  Fracture,  fine-grained  and 
oonchoidal.  Sp.  gr.  =  2*07  to  2*49.  It  may  be  considered  as  composed  of  two  sub- 
stances— namely,  ae  a  natural  clay  or  true  kaolin,  infusible,  and  preserving  its  whiteness 
under  a  strong  beat ;  and  as  a  flux  consisting  of  silica  and  lime,  or  felspar  with  or  with- 
out gypsum,  chalk,  aud  quartz.  The  glazing  is  essentially  due  to  this  flux,  and  not 
to  oxide  of  lead  or  tin.  It  is  characteristic  of  the  manufacture  of  hard  porcelain  that 
the  burnings  are  included  in  one  operation. 

B.  Soft  or  tender  porcelain.  The  mass  more  easily  fluid  than  hard  porcelain.  Two 
kinds  are  known  :— 

a.  French  porcelain,  a  glass-like  mass,  essentially  a  potash-alumina  silicate,  prepared 
with  the  addition  of  clay,  therefore  erroneoudy  termed  a  clay  ware,  and  containing  lead 
similarly  to  crystal  glass. 

/3.  English  soft  porcelain.  The  mass  similar  to  kaolin,  plastic,  remaining  white  when 
burnt  (pipe-clay).  It  is  made  with  a  vitreous  grit,  consisting  of  gypsum,  Cornish  stone 
(weathered  pegmatite],  bone-ash  (essentially  phosphate  of  cidcium),  in  very  varied  pro- 
portions. The  glaze  is  obtained  by  pulverised  Cornish  stone,  chalk,  powdered  fire-clay, 
and  borax,  mostly  with,  seldom  without,  the  addition  of  oxide  of  lead.  The  glazing  is  a 
second  process. 
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G.  Statae  poroelain,  or  bifloiiit  ware : — 

a.  Genuine  and  nnglazed  porcelain. 

/3.  Parisian  porcelion,  or  parian.  Unglazed  statue  porcelain  is  [similar  to_  English 
porcelain. 

y.  Carrard,  less  translucent  than  parian,  and  sometimes  of  a  whiter  colour. 
D.   Stoneware.     Dense,  sonorous,  fine-grained,  homogeneous,  only  in  the  least,  if 
at  all,  translucent,  white  or  coloured. 

a.  Glazed  porcelain  stoneware.  Plastic,  remaining  white  after  burning,  slightly 
refractory  with  the  addition  of  kaolin  and  fire-clay ;  a  felspar  as  flux ;  the^glaze  contains 
borax  and  oxide  of  lead. 

/3.  White  or  coloured  unglazed  stoneware.    Wedgwood  ware. 

y.  Common  stoneware  (salt-glazed).  No  fluxing  material  is  employed,  but  the  firing 
is  increased.    Glazed  with  siliceous  soda-alum. 

n.  Porous  Clay  Ware.  A.  Fine  Fayenoe  with  transparent  glaze.  The  body  earthy, 
ftlingitig  to  the  tongue,  non-transparent,  sometimes  sonorous ;  we  glaze  containing  lead, 
borax,  felspar,  Ac. 

B.  Fayence,  with  non-transparent  glaze.  The  body  of  a  yellow  burnt  potter's  day 
or  clay-marl,  with  non- transparent  white  or  coloured  glaze  or  enamel,  containing  tin.  To 
this  class  belongs  majolica,  delf  ware,  &c. 

0.  Ordinary  potter's  ware.  The  body  of  ordinary  potter's  clay  or  clay-marl,  red- 
coloured,  soft,  and  porous.  Mostly  glazed  with  lead,  the  glaze  being  always  non-trans- 
parent. According  to  the  colour  of  the  glaze,  the  ware  is  distinguished  as  white  and 
brown. 

D.  Plate,  terra-cotta,  fire-clay  ware,  tubes,  ornaments,  vases,  Ac.  The  body  earthy; 
mostly  more  or  less  unequal ;  always  coloured,  porous,  eaa^y  fiuid,  and  slightly  sonorous. 
Is  not  usually  glazed. 

I.  Hard  Porcelain. 

®***fiVi5JiiSf'^  Hard  porcelain  ia  composed  of  a  mixture  of  colourless  porcelain 
clays  with  felspar  as  a  flux,  which  sometimes  is  composed  of  quartz,  chalk,  or 
gypsum.  The  porcelain  clay,  in  itself  infusible,  and  becoming  in  the  fire  only  an 
earthy,  opaque  mass,  when  intimately  mixed  with  the  flux  material,  melts  easily  at 
a  higher  temperature  than  that  of  the  glass  oven.  The  materials  of  porcelain 
manufacture  are  not  found  native  in  such  a  condition  that  they  may  at  once  be 
employed ;  they  must  be  ground  to  a  fine  powder,  and  this  washed  to  separate  the 
foreign  substances.  Pure  kaolin,  however,  is  not  utilisable  in  porcelain  manu£Eu;ture, 
as  it  becomes  much  decreased  in  volume  on  the  application  of  heat.  It  is  therefore 
mixed  with  fine  washed  quartz  sand,  although  this  addition  somewhat  impairs  the 
plasticity.  This  mass  on  treatment  with  fire  would  be  porous,  and  it  is  for  the 
closing  of  the  pores  and  to  form  a  binding  glass  that  felspar  is  added.  The  propor- 
tions in  Berlin  porcelain,  according  to  G.  Kolbe  (1863),  are  66*6  parts  silica, 
28*0  parts  clay,  070  part  protoxide  of  iron,  06  part  magnesia,  and  0*3  part  lime. 
Proportions  of  the  materials  as  employed  at— a.  Nymphenburg ;  /3.  Vienna ;  y.  Meissen : — 

a.  Kaolin  from  Passau     65 

Sand  therewith 4 

Quartz 21 

Gypsum 5 

Broken  biscuit  ware 5 

p.  Kaolin  from  Zedlitz 34 

Kaolin  from  Passau 25 

Kaolin  from  Unghvar 6 

Quartz 14 

Felspar •.     ..  6 

Broken  ware 3 

y.  Kaolin  from  Aue x8 

Kaolin  from  Sosa 18 

Kaolin  from  Seilitz      36 

Felspar 26 

Broken  ware 2 
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The  mixture  of  the  materialB  in  the  required  proportion  takei  pltea  in  Urge  yats, 
whence  the  thin  palp  is  pumped  and  forced  through  sieyeB  into  another  yessel. 

Drying  the  Mam.  After  the  Water  is  removed  from  the  sediment  at  the  bottom  of  the 
vat  or  tank,  the  clay  appears  as  a  slime,  which  has  to  be  dried  to  the  required  con- 
sistency. The  drying  or  evaporation  of  the  water  is  effected  in  wide  wooden  tanks 
exposed  to  a  strong  current  of  air.  This  is  a  very  general  method  of  drying  the 
mass,  but  can  only  be  employed  during  the  summer  months  on  account  of  the 
dampness  of  our  climate.  It  is  not,  therefore,  sufficiently  extensive  for  large 
manufacturers,  and  consequently  other  means  of  drying  are  resorted  to — usually 
by  means  of  absorption,  the  mass  being  laid  on  a  porous  layer  of  burnt  lime, 
gypsum,  &c.  Drying  by  means  of  gypsum  is  expensive,  as  it  soon  becomes 
hardened,  and  has  to  be  removed.  The  mass  can  also  be  dried  by  means  of  air- 
pressure,  being  in  this  case  placed  in  flat  porous  boxes,  under  which  a  vacuum 
chamber  is  situated.  Talbot's  apparatus  is  formed  on  this  principle.  In 
Grouvelle  and  Honor^'s  system  of  drying,  the  water  is  first  partially  removed, 
by  means  of  draining  over  gypsum,  and  the  mass  is  thej^  put  into  firm 
hempen  sacks,  which  are  subjected  to  pressure  in  a  screw  or  lever  press.  Pressed 
clay  has  greater  plasticity  than  that  dried  by  artificial  heat;  but  the  method  is 
expensive,  as  the  sacks  soon  require  replenishing,  being  speedily  worn  out  by  the 
constant  pressure.    When  the  mass  is  dried  by  pressure  or  by  absorption,  the  water 

Kndftdin^^the  Dried  j^  all  cascs  is  not  equally  expelled,  and  there  are  also  air-bubbles, 
which  must  be  removed.  This  is  done  by  kneading  and  treading  the  mass  with  the 
feet  and  hands,  and  by  this  means  also  the  plasticity  of  the  mass  is  improved. 
Another  method  of  improving  the  plasticity  is  by  allowing  the  moist  clay  to  stand 
till  it  becomes  putrid.  Stagnant  water  is  dften  employed.  Brongniart  explained 
the  action  of  this  rotting,  as  it  is  termed,  to  be  that  gases  were  formed  in  the  body 
of  the  clay,  and  that  by  the  continuous  movement  caused  in  their  endeavour  to 
escape,  the  finest  particles  of  the  material  were  intimately  mixed.  Salv6tat  gives 
the  following  hypothesis: — By  the  rotting  there  is  formed  in  the  mass  a  large 
quantity  of  sulphuretted  hydrogen  gas.  This  gas  effects  the  reduction  of  the 
alkaline  sulphurets  to  sulphuret  of  calcium  under  the  influence  of  the  organic  sub- 
stances, the  sulphuret  of  calcium  being  set  free,  a  similar  action  taking  place  with 
the  carbonic  acid  in  contact  with  the  air.  The  bleaching  of  the  mass  on  exposure  to 
the  air  is  due  to  the  oxidation  of  the  black  sulphuret  of  iron  to  sulphate  of  iron, 
which  is  removed  by  washing.  The  decomposition  of  the  felspar  constituents  may 
also  ensue  from  the  long-continued  action  of  the  water.  According  to  £.  von 
Sommaruga,  of  Vienna,  the  existing  sulphates  are  decomposed  by  the  air  into 
sulphuretted  hydrogen  and  carbonated  salts,  and  these  being  removed  with  the 
water,  the  refractory  nature  of  the  clay  is  improved. 

The  MoDkUnff.  The  kneading  and  rotting  accomplished,  the  porcelain  mass  is  taken 
to  another  room  to  be  moulded.  Tbis  is  effected  either  on  a  potter's  wheel  or  in  a 
mould. 

Th«  Potter-B  wheeL  The  potter's  wheel  consists  of  a  vertical  iron  axis,  on  which  a 
horizontal  solid  wheel  is  fixed,  and  caused  to  revolve  by  the  feet  or  by  steam-power, 
the  motion  in  the  latter  case  being  regulated  by  the  feet.  A  lump  of  clay  is  placed 
upon  the  wheel,  the  thumb  being  placed  in  the  centre  of  the  lump  and  pressed  down- 
wards ;  a  hollow  is  thus  formed,  which  is  widened,  or  the  walls  continued  vertically 
according  to  the  shape  of  the  vessel  to  be  made.  The  constant  revolution  of  the 
wheel  easily  allows  of  the  moulder  obtaining  a  perfectly  cylindrical  form.    By  thns 
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hamouring  the  clay,  elongating  the  vessel,  again  depressing  it,  widening  it,  and  by 
continued  manipulation  in  this  manner,  the  most  exquisite  shapes  are  produced.  To 
form  the  ridges  or  sharp  edges  of  the  vessel  a  small  piece  of  iron,  a  strip  of  horn  or 
wood,  termed  a  bridge,  is  used.  The  perfectly  formed  vessel  is  cut  away  from  the 
wheel  by  a  piece  of  brass  wire. 

MonidtoR  to  pujter  of  ^  mould  is  first  taken  from  the  pattern  or  original  object,  which 
may  be  of  clay, .  wax,  gypsum,  or  metal.  The  moulding  is .  performed  with  dry 
material,  with  clay  of  the  consistency  of  dough,  or  with  fluid  clay.  The  moulds 
must  possess  a  certain  amount  of  elasticity,  and  be  porous  in  order  to  absorb  the 
moisture  expressed.  For  these  reasons  plaster-of-Paris  is  generally  used.  The 
mould  is  taken  from  the  original  article  in  parts,  which  are  trimmed  to  fit  together 
accurately ;  into  each  part  is  then  pressed  sufficient  clay  to  fill  the  indentations  of 
the  pattern,  more  clay  being  added  till  a  proper  thickness  is  obtained.  The  parts  are 
then  fitted  together,  and  the  moulds  left  for  some  time.  This  method  of  moulding 
is  sometimes  called  presswork,  and  is  adapted  to  all  kinds  of  pottery  not  of  circular 
form.  Plates,  cups,  and  dishes  are  also  made  in  a  similar  manner.  A  leaf  of  clay 
is  rolled  out  and  pressed  between  flat  moulds.  Sometimes,  instead  of  rolling,  the 
clay  is  beaten  out  with  a  wooden  hammer  covered  with  leather. 

CMtiag.  Moulding  porcelain  articles  out  of  thin  pulpy  clay  is  one  of  the  most 
ingenious  arts  of  the  potter.  The  fluid  clay  is  poured  into  porous  moulds,  which 
absorb  a  portion  of  the  water,  thereby  reducing  the  pulp  to  a  certain  consistency. 
The  interior  pulp  remaining  fluid  is  now  poured  out,  and  the  cast  or  coating  of  clay 
adhering  to  the  mould  allowed  to  harden.  When  sufficiently  hard  the  vessel  is  taken 
to  the  lathe  to  be  finished,  or  if  not  of  circular  form,  to  the  finishing  room,  where 
with  sharp  tools  any  required  pattern  is  cut,  or  handles,  spouts,  &c.,  which  have  been 
made  in  separate  moulds,  attached. 

AjSS%ho'af  iSSdll  ^^®  finest  porcelain  is  finished  by  hand,  as  machinery  or 
moulds  could  not  give  sufficient  sharpness  to  the  beautiful  flowers  and  figures 
sculptured  on  vases,  &c.  The  flowers,  &c.,  are  first  prepared  in  moulds,  are  then 
attached  to  the  body  of  the  article,  and  finally  are  finished  ofi*  with  edged  tools.  The 
stalks  of  the  flowers  are  sometimes  formed  on  wire ;  and  the  leaf  is  first  rouglily 
constructed  in  the  palm  of  the  hand,  the  furrowing  and  veining  being  done  after- 
wards. The  texture  of  drapery  is  imitated  by  means  of  a  piece  of  tulle,  which  is 
laid  on  the  clay,  and  allowed  to  dry.  During  the  burning  the  tulle  is  consumed, 
leaving  the  pattern  on  the  porcelain. 

Drjing  the  PoreeiAin.      After  the  porcclain  ware  is  formed  it  is  dried  for  some  time  at 

the  ordinary  temperature.     This  is  continued  till  the  clay  contains  no  moisture,  that 

is,  until  its  weight  is  tolerably  constant.    During  this  drying  the  clay  is  said  to  be 

in  the  green  state,  and  possesses  a  greater  tenacity  than  it  has  in  any  of  the  former 

processes. 

oiudnc.  Only  very  few  articles  of  porcelain  ware,  generally  statues  or  figures,  remain 
nnglazed ;  these  are  termed  biscuit  ware.  All  other  articles  are  glazed.  The  glazings 
employed  are  of  four  kinds: — i.  Earth  or  clay  glazings  are  transparent,  and  formed  by 
melted  silica,  alumina,  and  alkalies;  they  easily  become  fluid,  and  melt  about  the 
temperature  at  which  the  vessels  are  baked.  This  kind  of  glazing  is  used  for  hard 
porcelain.  2.  Lead  glazes  are  transparent  glazes  containing  lead ;  most  of  these  melt 
at  the  temperature  at  which  the  articles  are  burnt.  3.  Enamel  glazes  are  partly  white, 
partly  coloured  opaque  glasses  containing  oxide  of  tin  besides  oxide  of  lead.  This  kind 
of  glaze  is  easUy  melted,  and  serves  to  cover  the  unequal  colour  of  the  under  mass.  4. 
Lustres  are  mostly  earth  and  alkali  glazes.  This  class  includes  the  ordinary  salt-glazed 
imre,  as  well  as  glazes  containing  metallio  oxides  used  to  imitate  gold  and  silver  snrfaoee 
for  ornament  merely. 
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Fwoeiaia  oiM*.  We  will  here,  however,  concern  ourselves  only  with  porcelain  glaze. 
It  is  necessary  that  this  glaze  should  melt  readily  at  the  temperature  at  which  the 
article  is  fired ;  that  it  should  he  colourless  and  opaque ;  that  it  should  fire  sufficiently 
hard  to  withstand  pressure,  grinding,  and  ordinary  cutting.  The  glaze  is  added  to 
the  porcelain  mass  with  a  flux,  so  that  the  melting  may  be  readily  effected.  At 
Meissen  the  glaze  used  contains : — 

^^uaniz  •••  •••  •■•  •••  •••  •••  •■•  •••  ■••  37  o 

Kaolin  from  Seilitz    370 

Liime  from  Pima 17*5 

Broken  porcelain       85 

1000 
In  the  Berlin  porcelain  manufacture  the  following  glaze  is  employed : — 

Kaolin,  from  Morle,  near  Halle 31 

>^uar Lz ~ sauci    •••     •••     •••     •••     ■•■     •••     •••     ••■     43 

vjrv uoUiu  •••     «••     •••     •••     •••     •■■     •■•     •••     ■••     ^4 

Broken  porcelain 12 
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AppiytngUM  obm.  The  glaze  can  be  put  on  in  four  ways : — i.  By  immersion.  2.  By 
dusting.  3.  By  watering.  4.  By  volatilisation.  The  glaze  is  either  mixed  with 
the  ingredients,  or  applied  superficially  by  one  of  the  preceding  methods.  Glazing 
Tmmwrion.  by  immcrsion  is  employed  in  the  case  of  porcelain,  the  finer  Fayence  ware, 
and  sometimes  for  stoneware.  It  requires  some  degree  of  porosity  in  order  that  the 
glazing  pap  may  be  absorbed.  The  glazing  materials  are  mixed  with  water  to  form 
a  thin  pulp.  The  articles  previous  to  their  immersion  are  slightly  baked  to  prevent 
the  clay  being  softened  and  running  fluid  in  contact  with  the  water  of  the  glaze. 
The  articles  are  dipped  into  the  glaze,  which  they  readily  absorb,  a  coating  or  thin 
layer  of  glaze  remaining  on  their  surface  when  they  are  removed  from  the  bath. 
The  glaze  is  removed  from  the  bottom  of  the  article  immediately  in  contact  with  the 
substance  on  which  it  stands  to  prevent  its  sticking.  Glazing  by  dusting  is  a  surface 
DutiBf.  method,  and  only  used  for  costly  ware.  The  freshly  formed  and  still  damp 
ware  is  dusted  with  lead  glaze  or  minium,  a  layer  being  left  on  the  surface.  The 
powders  employed  chiefly  contain  oxide  of  lead,  which  combines  with  the  silica  and 
alumina  of  the  day  mass  during  the  firing  to  form  a  glaze.  Kecently  finely -pulverised 
watoiac.  zinc  blende  and  Glauber  salt  have  been  employed.  Watering  is  a  method 
of  glazing  employed  for  non-porous  articles,  such  as  English  porcelain,  ordinary 
pottery  ware,  and  some  kinds  of  Fayence  ware.  Glaze  of  the  proper  consistence  is 
poured  over  the  articles,  the  interior  sometimes  being  left  coated  with  a  white  glaze, 
while  the  outside  is  again  coated  with  a  coloured  glaze,  as  is  seen  in  common  brown- 
By  voutiUMiioa  or  Bmaving.  ware.  Glazing  by  volatilisation  is  effected  by  conveying  into 
the  oven  a  salt  or  metallic  vapour  which  shall  form  with  the  silica  of  the  mass  an 
efficient  glaze.  The  most  general  method  is  applied  to  ware  not  requiring  to  be 
baked  in  fire-day  vessels.  Common  salt  is  placed  in  the  oven  with  green  wood  for 
fuel  to  form  an  irriguous  smoke.  This,  the  salt,  heated  to  redness,  receives,  and  is 
decomposed  into  hydrochloric  acid  and  soda,  the  vapours  of  which  fill  the  oven. 
The  inside  and  the  outside  of  the  vessel  submitted  to  this  process  are  thus  simulta- 
neously glazed.  Fine  stoneware  baked  in  fire-day  vessels  may  be  glazed  by 
the  ignition  of  a  mixture  of  potash,  plumbago,  and  common  salt.    During  the 
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baking  or  firing  chloride  of  lead  is  formed,  which  comhices  with  the  silica  of  the 
da;  to  form  a  thin  glasa.  Thia  method  of  glazing  ia  in  England  termed  iittearing> 
'boracic  acid  being  employed. 

'™'™<S?J3r''°*  ^  method  of  glazing  by  volatilisation,  knownes  glazing  with  flowing 
coloora,  is  employed  for  porcelain.  It  esBentiaUy  coDaists  in  the  ignition  of  a  mix- 
ture of  chloride  of  calcium,  chloride  of  lead,  and  clay,  placed  in  a  small  ressel  in  the 
firingcapsule  or  firing  chamber,  and  to  which  some  metallic  oxide  is  added,  as  cobalt 
oxide.  The  oxide  is  converted  into  chloride,  and  combines  with  the  constituents  of 
tlie  article. 

n.c»p.oi«.MB.ii«,  Porcelain  ware  and  superfine  earthenware  are  not  exposed, 
when  burnt,  to  the  free  action  of  the  flame,  as  variona  impurities,  such  as  ashes 
and  smoke,  wonld  deteriorate  the  beauty.  They  are  therefore  enclosed  in  fire- 
clay Tessfla,  termed  in  France  gaxtttet,  in  Germany  kapiela,  and  in  England 
Moggen.  These  saggers  are  manufactured  of  the  best  fire-clay,  with  which  is  mixed 
a  cement  made  from  broken  saggers.  First  into  each  sagger  is  put  a  perfectly  true 
disc  of  the  same  material  and  upon  this  the  porcelain  ware  is  placed,  three  knobs  or 
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Urge  surface  to  which  the  gli 
«k>p««iui  otn.       Fig.  147  it 
the  elevation.    The  oven  is  ei 


the  iliir    and  keeping  the   article  &om  contact  with  a 
s  would  cause  it  to  adhere. 

,  vertical  section  of  the  porcelain  oven,  and  Fig.  148 
intially  a  reverberatory  fiimace  with  three  stages  and 
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five  fire-rooms  supplied  with  wood  fires.  The  oven  may  be  considered  as  a  tall 
cylinder,  surmounted  by  a  cone,  in  the  apex  of  which  is  the  chimney  opening,  the 
flat  vaults  by  which  it  is  divided  being  pierced  to  allow  of  communication.  Both  the 
stages,  L  and  l',  serve  for  the  **  strong  firing  "  of  the  porcelain.  The  upper  stage,  l"» 
termed  variously  the  howell^  crown,  or  cowlf  serves  for  the  **  raw  burning."  At  the 
bottom  of  both  the  lower  stages  are  built  the  fire-places,/,  leading  by  g  into  the  oven. 
o  is  the  ash-pit,  t  the  opening  to  the  ash-pit  closed  during  the  burning ;  o  is  an 
opening  through  which  fuel  is  introduced ;  o  c  are  the  openings  admitting  of  the 
circulation  of  the  hot  gases,  p  is  the  door  by  which  the  oven  is  entered.  The  ovens 
are  gradually  heated  first  to  glowing  heat  and  then  to  a  strong  red  heat.  At  this 
stage  the  openings  are  closed  and  the  oven  raised  to  a  stronger  heat,  at  which  it  is 
allowed  to  remain  for  a  short  time.  This  intense  burning  lasts  about  seventeen  to 
eighteen  hours ;  the  oven  is  then  opened,  and  allowed  to  cool  gradually  for  three  to 
four  days. 

SmptyitiK  th«  Gran  and      After  the  oveu  is  oooled,  the  saggers  containing  the  ware  are 

Borting  the  Ware.       removed,  and  the  ware  taken  out.    It  is  then  separated  into  four 

kinds: — a.    Superfine,  containing  no  blemished  ware.     6.    Medium,  the  ware  slightly 

inferior  in  glaze,  &c,    c.  The  chipped  and  imperfectly  glazed  ware.    d.  Waste,  or  ware  so 

distorted  or  cracked  as  to  be  useless. 

Faulty  Ware.  The  ohlef  faults  are : — Cracking  from  the  porcelain  not  being  sufficiently 
plastic,  from  drying  unequally,  and  from  unequal  heating.  Part  fusing  from  a  too  strong 
heat.  Air-bubbles  oausing  lumps  to  appear  on  the  enrfaoe  of  the  ware  through  the 
expansion  of  the  air  by  heat.  Spotting,  from  fragments  of  ih«  sagger  fusing  and  falling 
in  upon  the  ware.  Yellow-colouring,  from  smoke  having  entered  the  sagger.  The  chief 
faults  in  the  glaze  are : — Blowing,  the  result  of  the  deTelopmeni  o|  gas  by  the  reaction  of 
the  constituents  of  the  glaze  upon  each  other ;  also  resulting  from  too  strong  a  firing. 
Shelling,  or  the  exfoliating  of  the  glaze. 

Porcelain  Paintinc.  Porceldu  painting  is  really  a  branch  of  glaas  painting,  the  colours 
being  glass-colours,  which  when  burnt  in  become  durable  and  bright.  The 
colours  employed,  technically  termed  muffle  colours,  are  : — 

Oxide  of  iron,  for  red,  brown,  violet,  yellow,  and  sepia, 
chromium,  for  green. 

cobalt  and  potassium-cobalt-nitrite,  for  blue  and  black, 
uranium,  for  orange  and  black, 
manganese,  for  violet,  brown,  and  black. 
„        iridium,  for  black, 
titanium,  for  yellow, 
antimony,  for  yellow. 
copper  (and  protoxide),  for  green  and  red. 
Chromate  of  iron,  for  brown. 
„        lead,  for  yellow. 
„        barium,  for  yellow. 
Chloride  of  silver,  for  red. 
Chloride  of  platinum,  for  platinising. 
Purple  of  Cassius,  for  purple  and  rose-red. 

These  colours  are  mixed  with  a  fluxing  material,  so  that  by  the  melting  a  silicate 
or  borate  may  be  formed,  3delding  a  good  glaze.  Therefore  the  oxide  of  cobalt  and 
the  oxide  of  copper  must  first  be  mixed  with  silicic  acid  and  boracic  acid,  oxide  of 
antimony  with  oxide  of  lead,  &o.,  to  form  a  blue,  green,  or  yellow  colour,  because 
there  are  few  metallic  oxides  yielding  these  colours  that  are  not  affected  ii^ariously 
by  heat,  or  are  by  themselves  sufficiently  easily  fluid.     The  burning-in  of  the 
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eolonra  is  effected  in  a  mnffle,  Fig.  149,  the  opening  o,  serving  aa  &  communicatioii 
with  the  interior,  by  which  the  degree  of  heat  may  be  ascertained ;  the  opening,  m, 
serves  for  the  escape  of  the  vspoors  of  the  esaential  oils  (oil  of  turpentine,  oil  of 
lavender,  tc.),  with  which  the  enamel  colours  ore  aometiiaes  gronnd  up.     Fig.  ijo 
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■howB  the  method  of  beating  the  muEBe,  The  heating  ia  commenced  at  a  low  tem- 
perature and  is  gradually  increaaed  to  a  red  heat.  From  time  to  time  the  muffle  ia 
opened  till  the  colours  begin  to  disappear;  then  the  muffle  is  carefully  closed,  raised 
to  a  bright  red  heat,  and  finally  allowed  to  cool  as  slowly  as  possible. 

iksaauiunt  uh  FomMi.  The  golil  employed  for  decorating  the  porcelain  is  disBolved  in 
aqua  regia,  and  precipitated  with  either  Bolphate  of  iron,  nitrate  of  protoxide  of  meronry, 
or  b;  means  of  oiaho  acid.  In  its  application  the  gold  must  be  intimately  mixed  with  a 
flni,  generally  nitrate  of  oiide  of  biemuth.  Shell  gold  U  employed,  also  gold-beaters' 
ratase.  The  article  lo  be  gilt  moat  bo  tboronghly  treed  from  grease,  else  the  gold  will  not 
adhere.  The  gold  powder,  finely  ground  np  with  sugar  or  honey,  or  some  suoh  solubla 
■nbslance,  Ib  applied  with  a  pencil  brush.  The  bumiug-in  is  effected  in  a  mnffle.  The 
gold  is  not  melted  during  the  burning,  but  becomes  firmly  set  upon  the  article  t^  means 
of  the  flux.  After  bumiog  the  gold  does  not  at  ouoe  appear  bright,  but  tegoires 
bnmishing  with  ao  agate  tool. 

Bii(iii  oudiDi.  Bright  gilding  differe  from  the  foregoing  in  requiring  no  after  polishing 
or  buruishiug.  It  ia  effected  hy  buruing-in  a  solution  of  aulphuret  of  gold  or  fulminating 
gold  iu  batflam  of  sulphur.  Vi'beu  an  article  ia  gilded  with  precipitated  metallic  gold  or  a 
bright  gold  preparation,  the  gilding  is  secnre  from  injury  by  handling  or  scratching  with 
the  finger-nail,  i£c. 

Bunibv  Hud  piiiiniuni.  SilTeriDg  and  platinluug  ore  naoally  only  in  slight  requisition. 
Metallic  BilTer  ia  thrown  down  from  its  aolotion  by  means  of  copper  or  zinc;  the 
platinum  is  precipitated  fiom  its  neutral  ohloride  by  means  of  boiling  with  potash 
and  sugar.  The  tarnishing  of  nilver  on  porcelain  by  snlphuretted  hydrogen  may, 
according  to  Boussean,  be  preTented  by  placing,  before  bnraing.  a  thin  layer  of  gold  upon 
the  part  silvered ;  the  result  then  ia  a  white  layer  of  gold-silver.  Huob  oare  is  not  neees- 
saiy  in  this  process.  The  silver  and  platinum  are  mixed  with  liaaio  nitrate  of  oxide 
of  bismuth,  painted  on  and  bnint  in,  and  afterwards  bomi^bed. 

Liuupiiuu.  Transparent  porcelain  is  used  in  the  art  of  lithophanie.  or  making  transpa- 
reneie«.  A  thin  and  onglazed  porcelain  plate  is  pressed  into  a  flat  gypsum  monid 
bearing  the  pattern  in  high  relief-  The  figures  by  transmitted  light  appear  in  deUcately 
founded  tones  of  light  and  shade.  The  applications  of  this  art  to  the  monalMtim 
to  lamp-shades,  window  ucnameuts,  i£c.,  are  too  weU  jmownto  need  remark  here. 
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II.  Tender  Porcelain. 
wnaOk  Futto  FocMUin.  Tender  or  fritte  porcelain,  is  distinguished  in  commerce  as  of 
two  manufactures — French  and  English.  The  French  manufacture,  in  1695,  was 
first  carried  on  at  St.  Cloud,  near  Paris,  by  Morin,  who  employed  a  glassy  mass 
without  the  addition  of  kaolin,  but  containing  lead,  somewhat  similar  to  crystal 
glass.  It  can,  therefore,  hardly  be  considered  a  porcelain,  strictly  so  called,  until 
melted  with  lime  and  alumina.  Thus  fritte  porcelain  is  composed  of: — i.  A  glass 
mass  or  fritte,  obtained  from  silica  and  alkalies.  2.  Marl,  as  a  clay  constituent. 
Chalk,  as  a  lime  constituent.     The  proportions  of  these  constituents  are : — 

Fritte        75        75 

Marl 17  8 

Chalk        8        17 

The  fritte  is  mixed  with  the  chalk  and  marl  to  form  a  thin  pulp,  which  is  allowed 
to  remain  for  a  month  to  dry,  and  then  again  pulverised.    When  required  quickly 
plasticity  is  obtained  by  adding  soap-  or  lime-water.     Fritte  porcelain  is  burnt 
in  saggers,  generally  before  glazing.     During  the  burning  this  kind  of  porcelain 
softens  more  than  the  hard,  and  requires  supporting  on  every  side.    It  is  for  this 
reason  generally  baked  in  fire-clay  moulds.    The  ordinary  oven  is  employed.    The 
glaze  for  tender  porcelain  is  a  kind  of  crystal  glass  containing  lead.    This  glaze 
is  poured  over  the  articles,  as  they  are  non-absorbent  on  inmiersion.    French  porce- 
lain is  similar  to  cryolite  glass  or  hot-cast  porcelain.  (See  p.  291). 
EngUihFtitta  Porcelain.      English  tender  porcelain  consists  of  a  plastic  clay,  so-called 
China  clay  or  Cornish  stone,  a  weathered  pegmatite,  with  fire-clay  and  bone-ash.    The 
addition  of  the  latter  is  due  to  Mr.  Spade,  in  1802;  recently  phosphate  of  calcium, 
as  apatite,  phosphorite,  stafifelite,  or  sombrerite,  has  been  substituted.    The  glaze  is 
composed  of  Cornish  stone,  chalk,  fire-brick,  borax,  and  oxide  of  lead.    The  article 
must  be  baked  before  glazing,  as  the  glaze  is  so  much  more  easily  meltible  than  the 
body  of  the  article ;  and  in  this  second  firing  lies  the  difierence  between  the  manu- 
facture of  tender  and  of  hard  porcelain.    In  hard  porcelain  tlie  melting-point  of  the 
glaze  and  the  body  are  the  same.    English  porcelain  is  far  less  solid  and  more  liable 
to  crack  than  the  hard ;  upon  the  other  hand,  English  porcelain  is  the  more  plastic, 
and  can  be  produced  at  a  lower  temperature  in  saggers  of  inferior  fire-resisting 
qualities,  consequently  at  a  less  expense.    The  burning  takes  place  in  a  stage  oven 
with  anthracite  coals,  the  articles  being  placed  in  saggers.    The  glaze  is  applied  by 
immersion.    Recently  boracic  acid  has  been  largely  employed  in  glazing  English 

porcelain. 

pAriAn  and  Gamnu  Parian  is  an  nnglazed  statue-porcelain,  Bimilar  to  English  porcelain, 
but  more  difficultly  fusible,  containing  less  flux  and  more  silica.  The  colour  is^  a  very 
slight  yellow ;  the  surface  is  waxlike.  Parian  was  first  prepared  by  Copoland,  in  1848, 
although  the  idea  was  not  new,  as  before  this  time  Kiihn  of  Meissen,  had  prepared 
statues  and  medallions  of  porcelain  iu  imitation  of  marble.  The  composition  of  parian 
is  very  variable  ;  some  on  being  tested  yield  phosphate  of  calcium,  others  silicate  of  barium, 
and  again  some  contain  only  kaolin  and  felspar. 

Oarrara,  so  named  in  its  imitation  of  the  marble  produced  from  Carrara  in  Tuscany,  is 
intermediate  to  parian  and  stoneware,  is  less  transparent  than  parian,  and  sometimes 
whiter  in  colour. 
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HI.   Stoneware. 
MHtmn.      Stoneware  differs  entirely  from  porcelain ;  it  is  dense,  eonorons,  fine- 
groined  :   does  not  cling  to  the  tongue.      It  is  Bemi-fused  ajid  opaq^ue.     Even  fine 
white  stoneware  is  different  from  porcelain  in  transparency,  being  entirely  opai^ue, 
although  in  aome  other  respects  similar.     Stoneware  is  distinguiehed — 

1.  As  porcelain  glazed. 

2.  As  white  or  coloared  unglazed. 

3.  Ab  common  stoneware,  salt-glazed. 

The  fine  white  sloneware  is  made  from  a  plastic  clay,  burning  white,  and  not  rery 
refractory.  To  the  clay  is  added  kaolin  and  fire-clay  with  a  felspar  mineral, 
generally  Cornish  elone,  as  a  fius.    The  glaze  contains  oxide  of  lead  and  borax,  and 
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is  transparent.  Tlie  flux  is  used  in  tlie  making  of  stoneware  much  more  freely  than 
in  porcelain,  in  the  proportion  of  more  than  liaff  flie  weight  of  the  mass.  It  follows 
that  stoneware  can  be  burnt  at  a  lower  temperature  than  porcelain.    Tlie  articles 
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are  ffisliioiied  out  of  the  plastic  claj  in  the  same  maaiMr  as  porcelain.  Fine  stone- 
ware is  used  as  a  cheap  substitnte  for  porcelain,  it  being  much  more  e'asil;  bamt 

White  or  eolonied  nnglazed  stoneware,  or  Wedgwood -ware,  is  made  from  a  plastic, 
slightlj  refractory  claj,  kaolin,  fire-clay,  and  Cornish  stone,  the  latter  in  the  propor- 
tion of  half  the  weight  of  the  whole.  It  is  more  easil;  fusible  than  porcelain, 
requiring  b.  lower  temperature  in  baming.  The  colonred  stoneware  is  of  the  same 
composition  ss  the  white,  the  eolooring  being  only  snperficial.  Freqaently  other 
coloured  clays  are  used  for  ornaments  in  relief.  Coloured  Wedgwood-ware  ia 
known  as  Egyptian,  bamboo,  fine  salt  ware,  fine  biscuit,  Ac. 

Common  stoneware  difTers  from  the  preceding  in  containing  no  Snx,  tlie  clay  being 
semi-AiBed  by  the  continued  action  of  the  fire.  To  the  clay  is  added  fine  sand,  or 
pulrerised  fragments  of  stoneware.  Chemical  and  pharmaceutical  utensils,  acid 
tanks,  be.,  are  made  of  this  ware,  it  being  strong  and  durable.  The  colour  is 
generally  gray. 

stnunn  onu.  The  ovens  for  burning  stoneware  are  so  constructed  that  the  articles 
can  either  lie  down  or  be  placed  vertically.  Fig,  151  is  the  vertical  section  of  such 
an  oven  through  the  line  a  b  in  Fig.  152.  Fig.  153  is  a  section  through  the  line 
0  D,  seen  from  b.  Fig.  154  is  a  section  through  c  n,  seen  from  a.  Fig.  152  is  the 
plan  on  the  line  ■  r.  Fig.  151.  a  a  ia  the  arch  or  vault  of  Qie  oven,  built  of  clay ; 
6,  the  vessel  chamber ;  c,  the  fite-room ;  d,  the  fire-bars ;  e,  the  stoke-hole ;  /,  the 
ash-pit;  g,  au  air-draught;  i  t,  a  pierced  wall;  k,  a  pierced  back-wall,  through 
which  the  flame  and  hot  gases  escape  into  o,  serving  as  a  flue.  Stone-coal  is  used  as 
fuel.    Another  form  of  oven  in  which  mineral  water  bottles  are  bomt  is  shown  in 
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Fig.  155.  It  is  constrocted  on  an  easy  slope ;  at  the  lowest  part  is  the  fire-room,  a. 
In  the  middle  of  the  burning-room  is  the  pierced  wall,  c,  technically  termed  the 
window,  through  wliich  the  hot  gases  and  flame  escape  into  n.  The  vault  and  walls, 
B  and  E,  are  of  broken  earthenware  bound  with  mortar.  A  chimney  is  unnecesssary, 
the  gases  escaping  through  the  pierced  waU,  n.  into  the  air.  The  burning  usually  takes 
about  eight  days.  The  high  temperature  at  which  common  stoneware  is  burnt,  and 
thenature  of  its  components,  render  glazing  unnecessary ;  but  generally  a  glaze  is 
obtained  with  the  help  of  common  salt  placed  in  the  oven  during  burning.    After  the 
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placing  of  the  salt  the  openings  of  the  oven  are  closed  for  some  time,  and  then  a 
second  quantity  of  salt  is  introduced.  The  silica,  with  the  assistance  of  the  steam, 
decomposes  the  salt  into  hydrochloric  acid  and  soda,  with  which  it  combines.  Thus 
there  is  formed  on  the  surface  of  the  ware  a  glaze  of  silicate  of  soda  and  alumina. 
The  salt  will  take  up  more  than  50  per  cent  silica,  according  to  Leykauf  s  experiments; 
therefore,  the  more  silica  the  better  glaze.    An  oven  of  moderate  size  will  require 
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80  to  100  pounds  of  salt ;  the  purity  of  the  salt  is  not  a  subject  of  much  con- 
sideration. The  glaze  is  colourless,  and  the  vessel  appears  the  colour  of  the  clay. 
Stoneware  that  is  unequally  coloured,  one  part  brown,  the  other  gray,  has  been 
brought  to  that  state  by  the  escape  of  hydrocarbons  into  the  burning-room. 

Lfteqaered  Ware.  Laoquered  Ware,  known  as  Terralite  and  Siderolite  ware  in  northern 
Bohemia,  and  manofactared  by  the  firms  of  Yilleroy  and  Boch,  of  Dresden,  is  an  inter- 
mediutc  ware  to  fine  and  common  Btoneware ;  it  has  no  glaze,  bat  a  strong  surface  colour 
of  vATiiish  or  lacqaer.  Candlesticks,  bowls,  flower-yases,  jugs,  flower-pots,  baskets, 
battor-di^)he8,  fruil-dishes,  <ftc.,  are  formed  from  this  ware,  and  baked  in  saggers  in  the 
URual  manner.  Great  care  and  attention  are  required  in  burning  the  ware.  The  colour 
or  bronze  is  mixed  with  varnish  thinned  with  turpentine  or  linseed-oil,  and  applied  with 
a  pencil.  The  ware  is  then  placed  in  a  slow  oven ;  the  etherial  oils  volatilise,  and  the 
bronze  colour  becomes  fixed  to  the  surface  of  the  ware. 

IV.  Fayence  Ware. 
FAyenMWare.  Faycncc  warc  (English  fine  stoneware)  derives  its  name  from  the 
town  of  Faenza,  in  the  Italian  States,  where  the  ware  was  skilfully  made.  In  the 
9th  century  the  Spanish  Moors  manufactured  fayence  in  the  Island  of  Majorca, 
whence  the  present  Majolica,  the  slight  alteration  in  the  manner  of  spelling  being 
accounted  for  by  Dante  in  his  **  Tra  isola  di  Capri  e  MnjoUca,*'  on  the  ground  that 
the  older  Tuscan  writers  spell  the  name  of  the  Island  *'  Majolica.*'  The  industry 
developed  from  the  13th  to  the  15th  century;  from  that  to  the  17th  it  culminated, 
and  then  commenced  to  decline.  In  the  middle  of  the  i6th  century  Bernard  Palissy 
introduced  tlie  ware  known  as  Palissy-fayence  into  France.  Palissy's  celebrated 
Pvtces  rustiques  consist  of  ware  omamentated  with  fish,  fruit,  vegetables,  &c., 
naturally  coloured  in  enamel.  The  body  of  porous  fayence  ware  is  earthy,  and 
clings  to  the  tongue.  It  is  opaque,  with  more  or  less  plasticity,  and  little  or  no 
sonorosity.  It  consists  generally  of  plastic  clay,  or  a  mixture  of  this  with  common 
potter  s  clay.  It  difiiers  from  clay  ware  in  the  employment  of  finer  materials,  manipu- 
lated witli  greater  care.  Fine  white  fayence  is  distinct  from  common  enamelled 
fayence.  Fine  fayence  (semi-porcelain)  consists  of  a  plastic  clay  with  pulverised 
quartz  or  fire-bricks,  with  kaolin  or  pegmatite  and  felspar  minerals.  It  remains 
white  after  burning,  and  is  coated  with  a  transparent  glaze.  The  fiayence 
ware  of  different  countries  differ  greatly ;  some  are  easily  fusible,  others  again  are 
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burnt  at  a  hightompemture.  The  composition  of  the  glaze  is  therefore  very  varied* 
Common  lime  fuyencc  is  a  mixture  of  potter's  or  phistic  clay,  marl  (clay  with 
carbonate  of  lime),  or  quartz  and  quartz-sand.  It  is  characterised  by  containing 
15  to  25  per  cent  of  lime,  that,  at  tlie  low  temperature  at  which  common  fayence  is 
burnt,  only  loses  a  portion  of  its  carbonic  acid.  The  common  fayence  ware  is  thus 
easily  distinguished  from  otlier  wares  by  its  property  of  effervescing  when  an  acid 
is  poured  into  a  vessel  made  of  this  ware.  Its  fracture  is  earthy ;  the  colour,  con- 
sequent upon  its  containing  2  to  4  per  cent  of  oxide  of  iron,  a  decided  yellow,  so  that 
an  opaque  glaze  is  employed.  The  glaze  or  enamel  contains  usually  oxide  of  tin, 
oxide  of  lead,  alkalies,  and  quartz.  The  more  oxide  of  iron  and  lime  contained  in  the 
mass,  the  lower  the  temperature  required  for  burning.  Fayence,  like  porcelain,  is 
twice  burnt,  first  without,  and  finally  ^vitll,  the  glaze.  It  is  burnt  in  saggers ;  the 
ware  is  placed  in  the  saggers,  and  these  are  piled  one  upon  the  other  in  the  furnace, 
witli  a  layer  of  fat  clay  between  each  pair.  The  articles  stand  in  the  saggers  upon 
small  tripods  in  order  to  expose  as  small  a  contact  surface  as  possible.  The  hard- 
burnt  ware  has  next  to  be  glazed.  A  thin  pulp  with  water  is  made  of  tlie  materials 
of  the  glaze  placed  in  a  cistern  into  which  the  articles  are  dipped.  The  glaze  usually 
consists  of  felspar  iConiish  stone),  fire-clay,  heavy  spar',  sand,  borax,  and  boracic 
acid,  crystal-glass,  soda  and  nitrate  of  soda,  whit«-lead,  minium,  and  smalt.  The 
composition  of  tliis  glaze  is  ordinarily  very  complicated,  but  the  essential  constituents 
are  silica,  boracic  acid,  alumina,  oxide  of  lead,  and  alkali.  Kecently  the  Peruvian 
mineral,  so-caUed  tiza  (borate  of  soda  and  lime),  has  been  employed.  The  addition 
of  lead  serves  to  render  the  glaze  easily  fusible,  while  tlie  felspar  imparts  the  soft- 
ness characteristic  of  a  lead-alkali  glaze. 

^JJSIrof*  Fayence  is  ornamented  by — i.  Painting;  2.  Casting;  3.  Printing; 
4.  Ijustring.  Painting  is  usually  done  with  the  brush,  partly  under,  and  partly  upon, 
the  glaze.  The  glazing  oven  not  attaining  so  high  a  temperature  as  the  porcelain 
oven,  the  colours  are  not  aflccted  by  the  heat.  The  colours  used  are  oxide  of 
cliromiimi,  oxide  of  cobalt,  oxide  of  iron,  oxide  of  antimony,  &c.  Tlie  rose-  and 
purple-red  colours  are  obtained  from  gold  preparations.  The  pink  colour,  carnation 
pink,  was  discovered  in  this  country,  and  is  essentially  a  protoxide  of  chromium.  To 
make  this  colour — 

Stannic  acid 100 

V-JlillK  •••  •**  •..  ..•  m»»  34 

Chromate  of  i)otash    3 — 4 

Alumina        i 

are  well  mixed  and  allowed  to  stand  for  some  hours  in  a  strong  heat.  The  mass 
appears  as  a  dirty  rose-red  colour,  attaining  its  full  brilliancy  when  washed  with 
water  acidulated  with  hydrochloric  acid.  The  casting  consists  in  the  fayence  vessel 
receiving  a  surface  layer  of  coloured  clay  in  any  required  part,  independently  of  the 
colours  of  tlie  mass.  Tliese  coloured  clays  or  clay -washes  are  made  of  the  ordinary 
fat  clays  and  metallic  oxides.  The  printing  is  accomplished  ^lith  the  aid  of  a  thin 
tissue  paper,  upon  which  the  pattern  is  first  printed  from  a  copper  plate,  and  after- 
wards transferred  to  the  ware.  For  black,  a  mixture  of  forge-scale,  manganese, 
oxide  of  eol)alt,  or  clirome-bluek  is  employed ;  for  blue,  oxide  of  cobalt  mixed  with, 
for  bright  blue,  fire-brick,  and  for  less  intense  colours,  heayj-spar,  both  of  course 
being  pulverised.    This  mixture  is  burnt,  the  frit  ground,  and  mixed  with  a  flux 
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of  equal  parts  of  flint-glass  and  fire-clay.  Copper  plates,  in  wLich  the  pattern  is 
deeply  cut,  are  charged  with  colour  mixed  with  linseed-oil ;  a  transfer  is  then  taken 
on  the  fine  '*  pottery  tissue"  paper,  and  laid  on  the  ware.  By  means  of  a  rubber 
the  colour  is  caused  to  leave  the  paper,  which  has  been  previously  moistened  with 
water,  and  adhere  to  the  ware.  The  paper  is  then  washed  off,  and  the  article  taken 
to  the  kiln. 

Flowing  coioun.  Flowiug  colours  are  much  employed  in  ornamenting  fayence.  Tlie 
common  fayence  or  delf  ware  is  coloured  blue  in  this  manner  by  means  of  protoxide 
of  cobalt  mixed  witli  the  glaze.  When  the  vessels  are  taken  to  the  burning-kiln,  a 
mixture  of  cliloride  of  calcium,  chloride  of  lead,  and  clay  is  also  introduced  on  a  small 
plate.  The  protoxide  of  cobalt  is  converted  into  a  chloride  by  combining  with  the 
volatilised  materials,  and  in  turn  combines  with  components  of  tlie  material  of  the 
vessel.  By  this  means  the  articles  obtain  an  apparent  transparency  somewhat  similar 
to  the  characteristic  of  porcelain. 

Lustre«.  Some  kinds  of  ware  have  a  Recond  coating — a  metallic  lustre  or  glaze — given 
to  them  after  bomiug.  Gold  Lustre  :  The  different  kinds  of  gold  Instre  are  very  similar 
and  need  not  be  detailed.  They  are  essentially  composed  of  fulminating  gold  and  balsam  of 
sulphur,  the  latter  prepared  by  heating  Unseed  oil  and  sulphur  together.  Platinum  Lustre : 
This  is  obtained  by  mixing  anhydrous  chloride  of  platinimi  with  lavender  oil  or  balsam  of 
sulphur ;  also  by  the  well-known  precipitation  of  platinum  by  sal-ammoniac.  Silver 
Lustre  is  either  a  yellow  lustre  or  a  cautharadiuo  lustre,  so-called  from  its  similarity  in 
appearance  to  the  wing-case  of  the  Spanish  fly  (Cunthariif  vt'itiattonu).  Salvetat  believes 
that  chloride  of  silver  may  be  employed  as  a  yeUow  lustre,  similarly  to  gold  preparations. 
The  cautharadine  lustre  is  generally  a  yellow  lustre,  the  diiYcrence  being  that  it  is  only  used 
for  white  grounds,  while  the  former  is  employed  for  blue  grounds,  on  which  it  nppeara 
slightly  tinged  with  green.  Copper  Lustre  is  both  red  and  yellow ;  it  is  used  for  Spanish 
fayence  and  Majohca  wares.  It  is  chiefly  formed  by  a  silicate  of  copper.  Oxide  of  lead, 
or  lead-lustre,  is  merely  a  lead-glaze.  Chloride  of  silver  mixed  with  lead-lustre  is  reduced, 
the  result  being  a  deposit  of  a  gold-yellow  or  a  silver- white  colour  according  to  the  propor- 
tion of  silver. 

^  Etruscan  vaies.  The  vases  of  the  old  Bomans  were  a  kind  of  fayence  ware,  containing 
iron,  and  formed  of  a  clay  decomposed  by  quartz,  only  slightly  burnt,  sometimes 
unglazed,  sometimes  coated  with  an  easily  fusible  glaze.  These  vases  and  articles  are 
celebrated  more  for  their  beauty  of  form  than  for  any  peculiarity  in  composition,  which 
is  very  analogous  to  the  well-known  delf-ware  of  which  our  table  services  are  made. 

cuy  Pipes.  In  the  manufacture  of  clay  pipes  there  is  employed  the  beautifully  white 
pipe-clay,  containing  neither  iron,  sand,  nor  carbonate  of  lime.  The  clay,  if  pure, 
alway«  burns  white  ;  but  occasionally,  when  a  yeUow  colour  appears,  the  clay  is  burned 
for  a  longer  time,  whereby  the  oxide  of  iron  colouring  the  clay  is  removed.  The  pipes  are 
formed  in  a  mould  similar  in  shape  to  the  pipe.  A  roll  of  clay  is  taken,  and  carefully 
spread  out  to  the  length  of  the  pipe.  The  mould  is  constructed  in  two  halves,  hinged 
together  like  a  meerschaum  pipe-case,  and  is  generally  of  iron.  The  roll  of  clay  is  placed 
on  the  lower  half  of  the  mould,  and  the  upper  half  is  then  pressed  or  screwed  down.  A 
wire  is  then  pushed  up  the  entire  length  of  the  stem.  The  pipe  is  then  taken  out  of  the 
mould,  and  set  aside  to  dry.  It  is  afterwards  taken  to  the  oven,  where  about  a  gross  of 
pipes  are  introduced  into  each  sagger.  The  saggers  are  long  clay  tubes.  Sometimes  the 
pipes  are  burnt  without  saggers.  To  prevent  the  pipe  adhering  to  the  lips  on  account  of 
the  porosity  of  the  clay,  the  end  put  to  the  mouth  is  rubbed  with  a  mixture  of  soap,  wax, 
and  lime-water. 

Water  Cooler*.  The  Spanish  water-cooling  vessels,  or  alcarrazas,  are  made  of  a  porous, 
unglazed  earthenware.  The  constant  evaporation  of  the  water  exuding  to  the  outer 
surface  of  the  vessel  causes  the  water  to  be  kept  cool  in  the  hottest  cUmat^.  The  vessels 
are  only  sUghtly  burnt.  According  to  Sallior,  water  can  be  cooled  15°  in  an  alcarraza, 
while  Sivres  ware  only  permits  of  the  cooling  of  its  contents  in  a  similar  manner  some 
2"  or  3°.  These  vessels  are  known  in  France  as  hydrocirames.  In  this  country  Egyptian 
wine-  and  butter-coolers  are  very  common,  while  in  Egypt,  Spain,  Turkey,  the  Indies,  and 
Americas,  they  are  really  necessaries.  In  Bengal  these  coolers  are  made  from  the  mud  of 
the  Ganges.  In  the  Levant  they  are  termed  baldaque* ;  in  Syria  and  Egypt  collies  or 
gullUSf  while  in  many  places  they  are  also  known  as  gargouUtte$. 
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V.  Common  Potteby. 

Common  Pottaiy.  To  distingaish  between  the  different  kinds  of  this  ware  is  extremely 
difficult.  The  manufacture  is  entirely  distinct  from  the  preceding.  For  the  so- 
called  white  pottery,  used  for  culinary  purposes,  ordinary  potter's  clay  is  employed, 
and  for  brown- ware  a  moderately  refractory  clay.  The  natural  clays  are,  as  a  rule, 
too  fat  to  be  used  without  the  addition  of  some  other  material,  generally  sand; 
besides  sand,  fire-brick,  chalk,  charmotte,  and  anthracite  coal-ash.  The  vessels 
are  formed  upon  a  potter's  wheel,  air  dried,  and  then  glazed.  The  employment  of  a 
lead-glaze  was  but  a  short  time  ago  unknown  in  the  glazing  of  this  kind  of  ware. 
Ordinarily  the  mass  is  white  or  yellow,  sometimes  brown-red;  the  glaze  being 
transparent,  the  colour  of  the  body  or  mass  is  always  apparent.  Partly  because  the 
ware  is  very  easily  fusible,  and  partly  because  a  low  heat  is  used  in  the  burning,  the 
glaze  must  also  be  very  easily  fusible.  For  this  reason  a  lead-glaze,  forming  an 
aluminium  and  lead  glass  is  very  applicable,  and  is  employed  mixed  with  loam  (day 
and  sand) .  The  materials  are  ground  and  very  intimately  mixed  in  a  hand-milL  The 
lead  used  is  generally  a  lead-glance.  During  the  burning  the  lead-glance  is  roasted, 
and  the  sulphur  is  driven  off  as  sulphurous  acid.  The  oxide  of  lead  combines  with 
the  silica  and  alumina  of  the  loam,  or  mixture  of  sand  and  clay,  to  form  aluminium 
lead  and  silicate. 

The  glazing  of  the  air-dried  ware  can  be  performed  in  three  ways ;  either  by  immersion, 
by  sprinkling,  or  by  dusting.  By  immersion  the  workman's  hands  come  into  contact 
with  the  lead-containing  glaze,  with  detriment  both  to  his  health  and  the  adheiing  of  the 
glaze  if  his  hands  should  be  greasy.  This  method  is  not  therefore  often  employed. 
Sprinkling  is  generally  adopted.  In  dusting,  the  ware  is  first  immersed  in  a  pulp  of  fat 
clay,  and  then,  while  still  damp,  dusted  with  the  finely  pulverised  glaze.  The  danger  of 
this  process  is  the  inhaling  of  the  fine  particles  of  glaze  floating  in  the  air  of  the  work- 
room. When  the  oxide  of  lead  is  properly  proportioned  to  the  sUica  of  the  clay  or  loam, 
the  resulting  lead-glass  is  not  affected  by  ordinary  organic  acids.  But  if  the  oxide  of  lead 
is  not  well  combined  with  the  silica,  it  will  be  dissolved  by  boiling  vinegar.  The  experi- 
ments of  Buchner,  A.  Vogel,  Erlenmeyer,  and  others,  have  shown  that  the  insolubility  of 
lead-glaze  is  not  so  great  as  has  been  supposed,  very  dilute  vinegar  in  some  cases  being 
sufficient  to  effect  a  solution.  The  use  of  vessels  thus  glazed  may  therefore  have  no  little 
influence  upon  the  health  of  a  family,  and  it  becomes  necessary  to  consider  if  there  is  not 
some  substitute.  All  injury  likely  to  accrue  from  the  use  of  this  glaze  would  be  removed 
if  the  potter  would  but  re-bum  imperfect  ware,  or  employ  ovens  of  the  best  construction ; 
but  this  is  not  always  the  case.  Recently  the  preparation  of  a  glaze  free  from  lead  has 
been  attempted,  by  employing  water-glass,  or  a  mixture  therewith  of  borate  of  lime. 

Bnming.  The  glazed  vessels  are  next  taken  to  the  oven.  This  is  generally  a  rever- 
beratory  furnace,  24  to  2f  metres  in  height,  and  7  to  10  metres  in  length.  At  one  end  is 
the  fire-grate,  and  at  the  other  the  chimney.  The  vessels  are  burnt  without  saggers,  and 
are  exposed  to  the  full  influence  of  the  flame.  The  fire  is  at  first  kept  low  for  eleven  to 
twelve  hours,  and  then  maintained  strongly  for  four  to  five  hours.  The  vessels  can  be 
removed  from  the  oven  about  eighteen  to  twenty-four  hours  after  being  burnt. 

VI.  Brick-  and  Tile-Making,  &c. 

Biieks.  This  manufacture  may  be  said  to  include  brick-maldng,  tile-making,  and 
the  manufiacture  of  terra-cotta  goods,  and  must  not  be  confounded  with  the  ancient 
Egyptian  method  of  making  afr-dried  bricks,  still  pursued  for  some  minor  purposes. 
In  order  to  the  better  comprehension  of  the  methods  of  brick-making,  we  will  first 
consider  the  preparation  of  the  material.    This  may  be  divided  into — 

The  preparation  of  the  clays  ; 
The  moulding  of  the  brick ; 
a.  By  hand, 
p.  By  machineiy ; 
The  bnming  of  the  dried  brick. 
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'  Tnr».ootu.  The  tenn  teira-cotta  ware  generally  indades  the  burnt,  nnglazed 
yellow  or  red  clay  ware,  and  also  tiles,  employed  in  building  and  architectural 
ornamentation.  The  preparation  of  this  ware  is  almost  entirely  mechanical,  and 
does  not  call  for  any  further  elucidation  in  this  work  than  will  be  found  in  the 
following  pages  descriptive  of  the  class  of  manufacture  to  which  it  belongs. 

Bxiek  MaieriaL  Various  clays  are  used  in  brick-making.  Usually  those  only  are 
selected  that  will  form  a  brick  capable  of  bearing  a  considerable  strain.  In  the 
burning  a  test-brick  is  employed,  which  is  removed  from  time  to  time  to  see  the 
progress  of  the  fire,  to  prevent  the  over-burning  of  the  bricks,  or  the  lowering  of  the 
fire  till  the  bricks  are  sufficiently  burnt ;  but  this  brick  must  not  be  confounded 
with  another  test-brick  for  the  following  purpose.  A  brick  is  made  of  any  new  clay 
to  be  tested,  and  is  set  apart  in  an  active  kiln,  being  burnt  at  the  same  temperature 
as  the  bricks  of  this  kiln  afterwards  sent  into  the  trade.  By  the  qualities  of  this 
test-brick  the  nature  and  worth  of  the  new  clay  is  judged.  A  batch  of  bricks  should 
be  composed  of  clays  that  may  all  be  burnt  at  the  same  temperature,  else  very 
unequal  results  will  follow ;  some  bricks  will  be  under-burnt  and  some  over-burnt, 
while  only  those  bricks  to  the  clay  of  which  the  temperature  is  adapted  will  be  of  use 
commercially.  A  brick-clay  containing  much  carbonate  of  lime  can  be  burnt  at  a 
very  low  temperature,  and  indeed  bricks  so  composed  are  very  solid,  and  have  great 
durability.  Brick-clays  often  contain  felspar,  mica,  hydrate  of  oxide  of  iron,  phos- 
phate of  iron,  besides  organic  matter.  When  these  are  not  in  large  quantities  their 
presence  is  not  detrimental.  Mica  and  felspar  with  oxide  of  iron  act  as  fluxes,  and 
in  known  quantities  are  useful  rather  than  pernicious.  Flint  stones,  large  pieces  of 
carbonate  of  lime  and  gypsum  interfere  with  the  easy  applicability  of  brick-clays. 
Sulphur  p3rrites  render  clays  unsuited  to  the  manufacture  of  bricks,  as  the  sulphuret 
of  iron  remaining  in  the  brick  after  burning  oxidises  in  the  air  to  sulphate,  which  in 
a  short  time  weathers  out  and  renders  the  brick  brittle.  In  the  Netherlands,  in  the 
Thames  near  London,  on  the  banks  of  the  Ganges  and  Nile,  in  the  mouths  of  rivers, 
and  in  nearly  all  clays  exposed  to  the  ebb  and  flow  of  water,  is  found  an  admirable 
material  for  brick-making.  Since  1852  a  mixture  of  lime,  river  sand,  and  water  has 
been  extensively  used  as  a  brick  material,  and  for  other  building  purposes. 

Prtpwation  of  tb«  cuyt.  The  excavatiDg  of  the  clay  for  making  bricks  is  carried  on  in  the 
Bommer  or  spring.  The  clay  is  plac^  in  not  too  high  a  layer,  and  allowed  to  weather. 
It  is  very  advantageous  if,  daring  the  weathering,  a  frost  sets  in.  The  clay  is  allowed  to 
remain  thns  exposed  to  atmospheric  inflnence  until  it  becomes  boggy  or  marshy.  In  this 
condition  it  is  brought  to  a  tank  dug  in  the  ground,  4  metres  long,  2  metres  broad, 
and  1*3  metres  in  depth,  where  it  is  mixed  with  about  as  much  water  as  will  stand  to  a 
height  of  6  centimetres  in  the  tank.  So  soon  as  the  clay  is  thoroughly  saturated  it  is 
treadled,  that  is,  the  brick-maker  fastens  boards  or  wooden  shoes  to  his  feet,  and  care- 
fully treads  over  the  clay,  picking  out  all  the  flints,  <&c.,  which  resist  the  passage  of  his 
foot  to  the  bottom  of  the  layer.  This  process  is  repeated  two  or  three  times.  ^  Sand  is 
then  added  to  the  clay.  If  the  clay  is  fat  the  mixture  is  proceeded  with ;  but  if  it  is  a 
poor  clay  it  is  advantageous  to  wash  out  a  portion  of  the  sand.  This  may  be  effected  in 
two  ways.  The  ground- tank  just  described  may  be  inundated  with  water,  and  the  sand 
allowed  to  settle  to  the  bottom ;  or  the  mixed  sand  and  clay  is  placed  in  a  large  wooden 
tub  with  a  hole  in  the  side  near  the  bottom  stopped  with  a  plug.  When  the  water  has 
thoroughly  impregnated  the  clay  it  is  let  off,  carrying  part  of  the  sand  with  it.  Or  the  clay 
is  stirred  with  the  water  to  a  thin  pulp,  and  allowed  to  run  out  of  the  wooden  cistern 
into  a  ground  tank,  where,  with  the  water,  the  sand  settles  to  the  bottom.  London  clay, 
being  mostly  idluvial,  has  to  be  very  carefully  treated  to  free  it  from  flint  stones,  <&c. ; 
it  is  afterwards  mixed  with  ash  or  sand. 

The  "  treading  *'  of  the  clay  is  at  the  present  time  performed  in  mills,  termed  '<  pug  '* 
mills  and  **  washers."    At  the  late  International  Exhibition  (1871)  several  maohinet  were 
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exhibited  for  performing  the  whole  process  of  brick-making  continnoiiBly.    Among  these 

was  the  three-process  brick-making  machine  of  Messrs.  Clayton,  Son,  and  Howlett,  of 

the  Atlas  Works,  and  combining  at  one  operation  crashing,  pngging,  and  brick-mak^g. 

The  roagh  clay  is  thrown  into  the  hopper  of  the  machine ;  in  this  hopper  reyolyes  a 

shaft,  upon  which  are  keyed  several  small  knives  to  cnt  np  the  clay  previonsly  to  its 

being  crashed.     It  next  passes  throagh  a  pair  of  crashing  rollers,  and  these  effectnally 

redace  any  stones  or  hard  lamps  of  clay  which  may  enter.     The  clay,  thns  partially 

prepared,  next  passes  into  a  horizontal  pogging  or  mixing  cylinder  sitoated  beneath, 

where  it  is  mixed  by  the  pag-knives  fixed  apon  the  central  shaft.   The  knives  force  the  clay 

towards  the  farther  end  of  the  cylinder,  where  it  is  received  by  rollers  and  forced  throngh 

the  dies,  forming  a  smooth  bar  of  clay  of  the  width  and  depth  of  a  brick.    This  bar  ia 

cat  into  the  required  lengths  by  wires.     The  machine  is  capable  of  prodndng  20,000  to 

30,000  bricks  per  diem,  and  is,  perhaps,  the  best  of  its  class.    Mr.  Bawden  has  constracted 

a  machine  in  which  no  rollers  or  crushers  are  employed,  the  clay  being  tamed  oat  as 

wet  and  as  soft  as  in  hand-moulding.  One  horse  will  pag  the  clay  and  moold  from  12,000  to 

15,000  bricks  per  day.  It  consists  of  a  square  pag-mill,  throagh  which  runs  a  vertical  shaft 

bearing  pug-knives.    On  the  top  of  this  shaft,  above  its  bearing,  is  attached  the  horse-pole, 

which  gives  motion  to  the  whole  machine.    Upon  the  lower  end  of  the  shaft,  which 

passes  throagh  the  bottom  of  the  pug-mill,  is  a  wheel  having  two  cams,  on  which  two 

rocking  arms  work.    One  arm  presses  the  soft  clay  through  a  grating  into  a  six-brick 

sanded  mould,  and  the  other  arm  is  connected  to  a  slide  for  pulling  the  empty  sanded 

moulds  under  the  grate,  the  empty  mould  at  the  same  time  pushing  the  full  one  oat. 

Among  the  best  continental  machines  are  those  of  Henschel  of  Cassel,  and  of  Eairens. 

Moulding  the  Bxiek.       The  moulding  of  tlie  brick  by  hand  is  a  very  simple  matter.    A 

mould  of  wood  or  cast-iron  sufficiently  large  to  allow  for  the  shrinkage  of  the 

material  during  burning  is  usually  employed.    Fig.  156  shows  the  plan  (b),  and  the 

section  (a),  of  the    mould.      Sometimes  it  is  made  so   that  two  bricks  can  be 

moulded  at  the  same  time.  Fig.  157.    The  moulder  takes  a  ball  of  clay  and  places  it 

in  a  sand-strewn  mould,  pressing  it  well  in.    Then  with  the  striker,  a,  Fig.  158, 

he  removes  the  superfluous  clay.    The  mould  is  then  emptied,  and  the  brick  placed 
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by  a  child  on  a  barrow,  to  be  taken  to  some  other  part  of  the  brickfield,  to  be  sun- 
and  air-dried.  The  air-dried  bricks  are  then  taken  to  a  kiln  to  be  burnt.  In  many 
cases  the  bricks  are  dried  by  artificial  heat  in  sheds,  the  floors  of  which  are  heated 
by  fires.  A  gang  of  labourers,  numbering  five  to  ten  persons,  can  at  the  wift-riTnuni 
produce  only  1000  bricks  per  day. 

Brick  Honidizig  by  Machinery.  The  moulding  of  bricks  by  machinery  is  daily  becoming 
more  general.  A  moulder,  no  matter  how  experienced,  has  never  been  known  to  pro- 
duce more  than  6000  bricks  in  a  day,  and  a  continuity  of  this  labour  would  be  most 
improbable.  Where  there  is  a  large  demand,  it  becomes  necessary  to  produce 
30,000  bricks  per  day  regularly,  and  this  can  be  done  by  machinery,  without 
employing  a  large  number  of  hands.  Further,  the  consumption  of  fuel  in  the 
machine  can  at  once  be  stopped,  or  regulated  to  meet  the  demand,  while  a  large 
number  of  workpeople  cannot  always  be  dealt  with  so  satisfactorily  to  the  well- 
meaning  employer.  But  the  machine  engrosses  a  large  capital  that  is  not  always  to 
be  invested,  whereas  a  number  of  hands  may  be  paid  from  the  result  of  their  labour, 
if  the  demand  is  good.  It  therefore  does  not  always  happen  that  machinery  can 
compete  with  hand  labour  in  this  particular,  as  there  are,  in  this  trade  especially, 
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muij  majiers  who  paj  as  they  receive,  sending  out  the  bricke  as  soon  as  they 
are  bnntt.    The  machines  constrncted  maf  be  classed  as  follows: — 
I.  Those  in  which  the  brick  is  moulded  or  finished  as  b;  hand, 
a.  The  machines  in  which  the  moulding  proceeds  nninterrnptedly, 

3.  Those  in  which  the  brick  ia  cut  out  of  a  cake  of  clay. 

4.  Those  in.  which  a  bond  or  stream  of  clay  of  the  length  and  breadth  of  the 

brick  is  cut  by  means  of  knives  or  wires  to  the  requisite  depth. 
I.  The  machines  of  the  first  class,  imitating  the  motion  of  the  moulder's  hands 
Are  constructed  of  an  iron  mould,  with  machinery  or  arms  having  a  to-and-fro 
motion,  somewhat  similar  to  a  shuttle  in  a  loom.  Such  a  machine  is  that  of  Carville 
of  Issy,  near  Paris  (Fig.  159).  The  hrick  material  flows  from  the  pug-mill,  a,  under 
the  press  roller,  a.  which  is  Hupplied  with  water  from  the  reservoir,  c.  to  prevent  the 
«lay  adhering.    Sand  is  next  spread  over  the  clay  from  n.    The  clay  now  arrives 


under  Qie  pressing  apparatus  worked  by  the  arm,  f,  and  connterpoiae,  a.  The  brieks 
then  pass  away  on  the  endless  band  of  moulds,  i,  to  which  motion  ia  imparted  by 
means  of  the  revolving  arma,  jj.  The  bricks  in  the  passage  of  the  moulds  over 
these  arms  are  shot  out,  tlie  chain  of  moulds  passing  through  the  tank  of  water,  n, 
and  thus  being  cleansed,    u  ia  a  box  to  receive  the  waste  clay,  which  is  taken  to  the 


pug-milL    Fig.  160  is  s«  enlarged  view  of  the  chain  of  moulds;  ux  being  the  plan, 
■nd  the  lower  figure  the  side  view. 

II.  The  second  class  of  machines  are  very  similar  to  the  foregoing.     Instead 
of  the  pressing  apparatus,  a  roller  is  snbstitnted,  which  presses  the  day  into  the 
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moulds  as  they  pass  under  it.  The  moulds  sometimes  fonn  the  periphery  of  a  large 
circle  in  the  horizontal  plane,  as  by  this  means  the  operation  can  be  going  on  under 
several  rollers  at  the  same  time. 

m.  The  machines  of  the  third  class  differ  from  the  preceding  in  that  the  mould 
descends  upon  a  cake  of  day  of  the  required  thickness.  This  kind  of  machine 
is  generally  used  in  the  manufacture  of  ornamental  bricks,  as  by  substituting  other 
moulds  any  desired  pattern  may  be  produced. 

IV.  The  machines  of  the  fourth  class,  in  which  a  band  of  clay  is  divided  in  cross 
section,  may  be  best  considered  under  two  subdivisions,  the  one  containing  those 
machiues  in  which  the  clay  is  forced  through  an  opening  of  the  proper  size,  the  other 
those  in  which  the  day  is  pressed  by  rollers  into  a  band  of  the  required  dimensions. 
The  separation  is  effected  either  by  a  knife  or  by  cutting  wires.  By  a  method  similar 
to  the  first  process,  drain  pipes  are  manufactured.  The  machine  of  Terrassour 
Fougires  is  a  very  fair  example  of  the  older  system  of  rolling  the  clay.  An  endless 
band,  b,  conveys  the  clay  under  the  press-roller,  a.  Fig.  i6i.  the  motion  being 
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continued  by  the  rollers,  d,  and  the  clay  kept  to  the  required  breadth  by  the  guides, 
c.  Fig.  162  shows  the  cutting  apparatus  mounted  on  a  strong  timber  framework,  o, 
and  also  on  wheels  for  the  removal  to  any  part  of  the  shed  or  fidd.  It  will  be 
readily  seen  from  the  woodcut  how  the  copper  or  iron  wires  kept  taut  by  the  weight, 
r,  sever  the  band  of  day. 

Fio.  162. 


Bricks  from  Dried  day.  Pressed  brioks  are  bricks  pressed  from  dried  clay  in  which  the 
natural  moisture  of  the  clay  is  all  that  is  employed  to  render  the  brick  coherent.  The 
presBuro  mnst,  therefore,  be  considerably  more  than  that  used  in  the  making  of  moist 
day  into  bricks ;  but  pressed  bricks  are  mnch  more  solid  and  firm  than  moist  clay  bricks, 
a  smaller  number  making  a  more  secure  wall.  One  of  the  most  general  machines 
for  making  this  kind  of  brick  is  that  of  Nasmyth  and  lifinton,  in  which  a  peculiar  form  of 
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«oaflntrio  Mta  the  monlda  u 
yttiaeB  the  olay,  and  oanses  it  to  be  torcibly  compresBed  L 
machine  and  vith  that  of  Jnlietme,  who  has  recently  made  bod 
brioks  ean  be  nude  duly  with  the  laboni  of  a  man  and  hoy, 

TbtBani^at  uwBiiekL       The  burning  of  the  air-dried  bricks  o 
evens  or  m  kilns.    The  ovens  are  either  open  ovens,  eimih 


or  vaoUad,  or  ovens  in  which  the  homing  i 


J  improvements,  4000 

tiles  ia  carried  on  in 
r  to  a  blast  Aimace, 


continnous.    The  fiiel  is  partly  wood, 


partly  tnrf,  brown  coal,  and  anthracite  or  stone-coal.  From  the  many  forms  of 
brick-kiinB  and  ovens,  the  following  are  selected  as  best  conveying  a  clear  idea  of  the 
process.      Fig.   163  is  a  stage-oven,  fuelled  with  wood,  and  consisting  of  three 
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chambers  lying  one  above  the  other,  a,  b,  and  c.  These  floors  can  be  heated  in  rota- 
tioL  The  fiimace,  d,  fed  through  the  door,  f,  gives  a  great  length  of  flame,  which 
puaes  tbiongh  the  pierced  wall,  1,  into  the  ehunber,  a,  and  thence  through  the 
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fuinaoe.  H,  fed  through  the  door,  d.  The  flame  from  this  hearth  passes  to  the  upper 
ch&mber,  o,  passing  through  j  and  the  pierced  wall,  k,  ood  eventuollj  by  l  to  the 
chimney,  n.  Fig.  164  is  another  section  of  tliis  furnace.  Fig.  165  ia  a  plan  of  the 
middle  stage.  This  kind  of  oven  effects  a  considerable  saving  in  fuel,  as  bricks  can  be 
burnt  in  all  the  stages.  One  of  the  most  economical  ovena  burning  wood  fuel  is  shown 
in  section  in  Fig.  166,  and  in  plan  in  Fig.  167.    There  are  three  tire-places,  of  which  p 
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ia  the  middle  one.  The  fire-place  has  no  grating,  but  is  vaulted  in  by  a  series  of  iron 
bars,  000,  through  the  interstices  of  which  tlie  flame  passes  into  the  chamber,  bb, 
open  at  the  top.  The  bricks  to  he  burnt  are  placed  upon  the  bars  000  transversely, 
spaces  being  left  for  the  passage  of  the  flame  and  hot  gasea.  It  will  be  seen  tliat  this 
method  of  burning  is  much  more  expcnaive  than  the  foregoing,  owing  to  the 
amonnt  of  heat  wasted;  while  wood  as  a  fuel  is  naturally  more  expensive  than 


Fig.  169. 


etone-cwl,  to  produce  the  some  amount  of  heat.  With  the  form  of  oven  designed  by 
Carville.  and  ahown  in  Figs.  168  and  169, 80,000  bricks  eon  be  burnt  with  160  hecto- 
litres of  stone-coal.  Thus,  as  i  hectolitre  of  stone-coal  weighs  80  kilos.,  and 
as  100  kilos,  of  coal  cost  3  francs  la  cents.,  the  burning  ol  the  80,000  bricks  can  be 
effected  at  a  cost  of  400  franca  {ii6).  Stone-coal  may  be  burnt  in  the  oven  shown 
in  Fig.  170.  The  capacity  of  thia  oven  ia  limited  only  by  the  enclosing  walls,  b  b,  of 
thick  masonry.    The  bricks  to  be  burnt  are  placed  upon  the  solo  of  the  oven,  c. 
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ivliick  is  constructed  to  admit  of  tho  free  circulation  of  the  prodacts  of  combnstioii. 
Fig.  171  showB  tlie  metliod  of  placing  tLe  bricka  in  the  oven;  and  Fig.  172,  a  plan, 
tke  two  iieartlia,  du. 
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Many  experunenta  have  been  made  with  the  view  of  combining  the  burning  of 
lune  with  the  burning  or  baking  of  the  bricks.  Figs.  173  and  174  show  an  oven 
built  for  tbiB  pnrpoHC  The  sole  of  the  chamber,  a,  is  covered  with  limestone,  which 
ifl  burnt  eqnally  with  the  bricks  placed  above  it.  The  draught  is  regulated  hj 
the  dampers  in  the  chimney,  n.  and  by  the  openings,  c.  The  six  fire-rooms  are  sepa- 
rated from  each  other  by  the  blocka  of  strong  masonry,  d  and  a.  Tho  fiiel  is  placed 
ID  the  furnace,  &,  under  which  is  the  ash-pit,  f. 
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umikr  EDiiL  The  circular  or  annular  Idlna  of  Hofiinann  and  Licht,  are  much  nsed. 
These  ovens  arc  in  plan  in  the  form  of  a  ring,  capped  by  a  chimney.  In  each  oven 
there  ore  a  number  of  cliombtrs  in  which  the  bricks  are  stacked.  One  of  these 
chambers  is  filled  with  what  are  termed  yrecn  bricks,  that  is  bricks  fresh  from  tlie 
field.  The  fire  being  applied,  the  eteam  paasea  off  to  the  chimney.  The  second 
chamber  is  then  tilled  nith  bricks ;  and  when  the  steam  has  passed  off  frt>m  the  first 
chamber,  the  products  of  cambastion  there  are  admitted  to  the  second  chamber 
through  flues  in  tiie  partition  wall.  This  process  is  repeated  with  each  chamber  in 
snccession.  As  soon  as  the  bricka  are  bnmt  the  door  and  flues  of  the  chamber  are 
opened  to  admit  tlie  cold  air ;  when  cold  the  bricks  are  removed,  and  green  onea  sup- 
plied in  their  place.  It  ia  clear  that  by  this  means  there  need  be  no  interruption  in 
the  bunting ;  and  also  that~ 
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a.  As  the  doors  and  flues  are  opened  in  the  chamber  in  which  the  Bricks  have  beexE 

finally  burnt,  the  air  entering  is  highly  heated. 

b.  The  efiect  being  to  augment  the  heat  of  the  next  chamber ;  while 

0.  This  heat  can  be  so  proportioned  out  to  the  unbumt  bricks*  aa  to  render  only  a 
very  short  actual  firing  necessary. 

The  saving  of  fuel  by  the  use  of  these  kilns  must  be  evident.  Also  from  the  con- 
tinuity  of  the  firing,  which  in  practice  is  never  allowed  to  go  out,  the  ovens  or 
chambers  never  get  perfectly  cold,  and  are  consequently  eaon  re-heated. 

riAidBiuniiK.  In  contrast  to  the  permanent  kiln  is  the  field-kiln,  in  whieh  bricks  or 
tiles  are  burnt  at  the  same  place  that  building  is  going  on,  or  where  a  sufficiency  of 
brick-day  is  likely  to  yield  a  good  return.  Bricks  burnt  in  these  temporary  lahi& 
are  termed  Jield-bricks.  The  fuel  employed  is  either  turf,  wood,  or  stone-ceal.  When 
turf  or  wood  is  used,  the  bricks  are  stacked  similarly  ta  the  method  employed  in; 
ovens  in  which  these  fuels  are  the  firing  materialsw  Flue»  are  constructed  in  thes& 
loins  of  the  bricks  themselves  set  in  a  thin  layer  of  lime ;  while  the  wind-side  of  the 
stack  is  covered  with  hurdles  thatched  with  straw.  50,000  bricks  can  thus  be  burnt 
at  one  firing.  The  flames  and  hot  gases  find  their  way  hither  and  thither  in  the 
stack,  and  finally  escape  at  the  top.  By  the  time  that  the  outer  bricks  are  hot,  the 
interior  of  the  stack  or  kiln  has  reached  a  very  high  temperature.  When  coal  is- 
employed  the  bricks  are  laid  alternately  with  a  layer  of  coad,  a  layer  ef  lime  serving 
as  an  outside  cover,  in  which  draught  holes  are  made  to  regu&ite  the  burning. 
When  the  kiln  is  built  the  firing  is  commenced,  and  gradually  extends  to  the 
several  layers  of  coal  until  all  is  burnt.  The  kiln,  consequently  upon  the  consump- 
tion of  the  coal,  falls  or  sinks  together,  a  matter  of  no  importance. 

Dutch  ciinken.  Hollanders,  or  Dutch  clinkers,  are  a  very  hard,  Bemi-^zed  brick,  of  a 
green  or  dark  brown  colour,  and  possessing  the  property  of  not  absorbing  water. 

Booflng  and  Dutch  TUes.  For  the  manufacture  of  tiles  a  better  and  more  carefully  leleotect 
clay  than  that  for  ordinary  bricks  is  employed.  While  ''treading**  is  much  used 
in  the  making  of  bricks,  a  mill  is  always  considered  necessary  for  tiles.  As  a  rule  ihej 
are  burnt  at  the  same  time  as  bricks  ;  the  upper  part  of  the  oven  being  sufficiently  heated 
for  the  purpose,  owing  to  their  thinness.  When  it  is  desired  that  the  tiles  should  be  of  a 
gray  colour,  there  is  added  to  the  fire,  while  the  tiles  are  at  a  red  heat,  a  quantity  of  leaves 
and  damp  twigs.  By  this  means  large  volumes  of  smoke  are  disengaged,  and  pass  into 
the  interior  of  the  kiln,  where  the  pores  of  the  tiles  absorb  the  carbon,  which  imparts  the 
gray  colour  remaining  on  cooling.  Similarly  the  dark  green  colour  results  &om  the 
reduction  of  the  peroxide  of  iron  to  black  oxide  and  protoxide.  Flat  tiles  are  mostly  used 
for  paving  purposes.  Hoofing  tiles  are  made  in  many  shapes  ;  some  with  a  nose  or  pro- 
jecting piece,  with  a  hole  through  which  a  nail  passes  to  fasten  the  tile  to  the  rafters ;, 
others  without  this  projection,  and  with  a  couple  of  holes  simply.  Bidge  tiles  form  the* 
capping  of  pointed  roofs  and  dormer  windows,  &c. 

Drain  and  outter  Tiles.  The  use  of  hoUow  tilcs  and  bricks  dates  from  a  very  remote 
period.  Vaulting  tiles  are  no  more  than  hollow  bricks  or  tiles,  employed  to  reduce  the- 
weight  of  upper  parts  of  large  arches  or  masses  of  brickwork ;  they  are  21  to  24  centi- 
metres in  height,  and  9  to  12  centimetres  in  diameter,  with  the  midcUe  bellow  and  hard- 
burnt.  A  similar  form  of  pipe  is  used  for  draining  land,  Ac.  For  some  purposes,  brickff 
are  constructed  hollow  through  their  width  and  not  through  the  length.  The  advan- 
tages of  hollow  bricks  where  they  are  applicable  are : — i.  That  60  to  70  per  cent  of 
materials  are  saved.  2.  That  they  materially  reduce  the  pressure  by  decreasing  the 
weight  of  superincumbent  masonry.  3.  They  dry  more  equally,  and  admit  of  good  ven- 
tilation. 4.  They  can  be  baked  at  a  lower  temperature,  with  a  saving  of  20  to  30  per 
cent  of  fuel.  5.  The  cost  of  transport  is  less  consequent  upon  the  reduced  weight. 
Figs.  175  and  176  show  two  kinds  of  hollow  tiling. 

Floating  Bricks.  Floating  bricks,  or  bricks  sufficiently  light  to  float  upon  water,  are  of 
very  ancient  date.  Posidonius,  and  after  him  Strabo,  state  that  a  peculiarly  argillaoeoua 
earth  was  brought  from  Spain,  which  was  used  to  polish  silver,  and  from  which  bricks 
eould  be  made  that  would  float  upon  water.  Further,  that  these  bricks  were  made  in 
several  parts  of  Asia,  and  on  an  island  of  the  Tyrian  Sea.    Titruviua  PoUio  thought 
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ttiMe  brieka  to  be  made  of  a  ver;  light  anbioint  stone ;  &nd  Flin;  likens  it  to  pimuiie 
atone.  But  the  eeoret  remwnJed  hidden  for  a  thonaand  yeara,  until  Oiovanne  Fabroni,  in 
1791,  after  man;  eiperimeDts,  amioeeded  in  produciii^  a  brick  that  would  remain  on  tha 
BorfMe  of  water.  The  material  employed  was  foaail  meal,  foand  neai  Sontafiora  in  Tas- 
cod;.  It  was  capable  of  combining  with  hm  m  tar  *  t  d  water,  and  was  unaltered 
by  TariatioD  in  temperature.  The  strength  f  th  b  k  was  scarcely  inferior  to  that 
of  ordinary  bricks,  and  greatly  more  in  the  p  p  1  (  h  ir  weight,  Fabroni,  as  am 
experiment,  constructed  the  powder  magazine  t  a  wood  u  hip  of  these  bricks ;  and  (he 
'   '    '  '    n  fire,  sank  before  the  eipl  ei  n    f  the  powder.    Aboat  the  some  tiiue, 
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Fanjea,  of  Coiron,  France,  found  a  fosail  meal  poeiessing  the  properties  of  that  found  in 
Taecan; ;  sad  in  1832,  the  labonia  of  the  Count  de  Nantea,  and  of  Foumet,  a  "■■"■«' g 
engineer  of  LyoiiB,  found  an  application  for  these  bricks.  The  powder  magazines, 
the  cooking  t!iUleyH,  the  hearth  of  the  steam  engine,  tha  Quea,  the  apirit-room  on  board 
ship  can  all  be  made  of  these  bricks,  and  the  chances  ot  fire  reduced.  This  kind 
of  brick  is  also  useful  (or  the  yaulta  of  evena,  &c,  in  which  a  high  temperature  is  main- 
tained, as  they  ore  infasibla.  Eiitzing  found  that  these  bricks  contained  immenaa 
nojubere  o(  the  microncopic  ailieeons  shells  of  infnsoria.  While  an  ordinary  biiok 
weighs  z-70  kilos.,  the  weight  of  an  equal  bulk  of  this  infusoria  clay  ie  only  a'45  Idiot. 
Coated  with  wax  it  anam  like  a  cork.  Tha  strongest  poreelain-oven  fire  was  without 
effect  upon  it.  By  tha  addition  of  clay  or  lime  the  firmnesa  and  tenacity  of  an  ordinaiy 
brick  was  obtained. 

Ordinary  porous  bricks  are  made  by  adding  to  tha  day,  ooal-dnst,  Mwdnst,  turf,  tan, 
Ao.  Light  bricks  were  used  for  building  purposee  in  Nnrembuig  in  the  14^  and  isth 
centuries.  Chimnies  were  built  of  tbam.  In  Sootbem  Bavaria,  a  light  brick  made  from 
k  mixture  of  turf  and  sand  limo  has  been  in  use  for  many  years. 

rin-Biicki.  Fire-bricks,  or  bricks  made  with  fire-clay,  are  employed  instead  of 
ardinar;  bricLi  in  the  construction  of  fumacea,  and  all  placea  exposed  to  an 
exceedingly  high  temperature,  which  wotild  melt  the  common  brick.  These  bricks 
contain  silica  and  alumina,  but  little  or  no  lime,  protoxide  of  iroo,  or  alkalies;  while 
the  clay,  to  prevent  contraction  in  burning,  is  mixed  with  already  burnt  clay,  sand, 
carbon  (coal,  cokej,  Ik, 

The  process  of  manufacturing  fire-bricks  at  Stourbridge  is  so  admirably  described 
in  Lieutenant  Grover's  "  Httport  on  Fire-clay  Goods"  in  the  International  Exhibi- 
tion of  1871,  that  the  particulars  may  be  quoted  in  extenta.  "  The  clay,"  he  says, 
"  is  firstly  exposed  in  spoil  heaps  over  as  large  an  area  as  can  be  aocured,  for  from 
3  to  18  months,  according  to  the  state  of  the  weather.  The  action  of  froBt,  as  with 
ordinary  brick  earth,  is  of  great  service  in  disintegrating  the  compact  tough  lumps  of 
clay,  and  in  dry  weather  the  clay  is  frequently  watered.  In  very  wet  weather,  a 
3  months'  exposure  will  suffice  for  its  proper  'meUowing'  or  '  ripening,'  and  it  nlti- 
mAtely  slacks  and  falls  to  pieces.  When  new,  it  is  termed,  in  the  local  phraseology, 
*  short  and  rough ; '  after  due  exposure  it  becomes  '  mild  and  tough.'  On  some  of 
the  works  the  spoil  heaps  of  clay  contain  over  10,000  tons,  and  it  is  estimated  that 
7  tons  meaaure  about  6  cubic  yards.    After  sufficient  weathering,  the  clay  is  ground 
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in  a  circiilar  pan  by  two  rollers  or  cylindrical  stones,  shod  witli'  iron  rims  2i  inches 
thick,  and  weighing  from  2*  to  3i  tons  a-piece.  After  being  ground,  the  clay  is  car- 
ried on  an  endless  band  to  a  *  riddle'  of  about  4  or  6  mesh  to  the  inch  for  fire-bricks, 
6  or  10  for  fine  cement  clay,  and  12  or  14  mesh  to  the  inch  for  glass-house  pot-clay, 
the  larger  sized  mesh  being  used  for  the  sifting  of  the  clay  in  wet  weather.  The 
large  particles  which  will  not  pass  tlirough  the  '  riddle  '  are  carried  back  on  an  end- 
less band  to  the  pan,  and  there  re -ground.  As  a  general  rule,  it  is  only  for  very 
large  fire-brick  lumps,  that  re-ground  pots,  crucibles,  or  bricks — locally  termed 
*grogg' — are  added  to  the  clay  before  grinding;  and  fire-cement  clay  is  always 
ground  pure.  After  passing  through  the  *  riddle,'  the  clay  is  tempered,  or  brought  to 
a  proper  degree  of  plasticity  by  the  addition  of  water.  It  is  then  thoroughly  stirred 
and  kneaded  in  a  circular  cast-iron  pug-mill,  by  revolving  knives  projecting  from  a 
vertical  shaft  driven  by  steam-power.  The  clay  is  forced  down  by  the  obliquity  of 
the  rotating  knives,  and  streams  slowly  from  a  hole  near  the  bottom,  whence  after 
being  cut  by  wires  into  the  proper  forms,  it  travels  on  in  an  endless  band  to  the 
moulding  sheds.  The  bricks  are  then  moulded  by  hand  in  the  usual  manner, 
and  dried  at  a  temperature  of  60  or  70  degrees,  in  sheds  about  120  feet  long  and  30 
feet  wide,  beneath  whoso  floors  run  longitudinally  two  flues.  In  fine  weather,  how- 
ever, the  sun's  heat  is  made  to  economise  fuel.  The  bricks  are  burnt  in  circular- 
domed  kilns  or  cupolas,  locally  termed  *  ovens,*  where  they  remain  for  from  eight  to 
fourteen  days,  being  fired  with  the  real  intensity  of  flame  or  white  heat,  for  about 
four  days  and  three  nights.  They  usually  require  seven  days  to  cool  down.  The  fire 
is  slowly  increased  and  gradually  lowered,  the  time  of  burning  being  regulated 
by  the  kOnman  in  charge,  who  inspects  the  baking  bricks  from  time  to  time  through 
holes  in  the  domed  roof  of  the  *  oven.'  The  chimney  stack  is  on  the  outside  of  the 
kiln,  and  the  flame  burns  with  a  down  draught,  descending  tlirough  holes  in 
the  floor,  the  fire-holes  being  merely  openings  left  in  the  thickness  of  the  wall  of  the 
Mln,  and  protected  from  the  wind  by  buttresses  long  enough  to  allow  room  for 
the  firemen  to  attend  the  fires.  The  coal  is  of  course  obtained  from  the  pits  which 
provide  the  clay.  Most  of  the  kilns  hold  each  12,000  bricks,  but  some  are  large 
enough  to  contain  each  30,000  or  35,000  bricks,  the  capacity  of  a  kiln  being  roughly 
calculated  upon  the  assumption  that  ten  bricks  require  one  cubic  foot  of  space  in  the 
kihL" 

Some  analyses  of  fire-clay  were  given  when  treating  of  the  different  kinds  of  clay. 
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— 
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I.  Clay  from  Dowlais.    2.  Brick  from  copper-smelting  fumac«  in  Wales.    3. 
broke.    4.  Brick  from  a  blast-furnace.    5.  Brick  from  a  revcrberatory  furnace. 
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Dinas  bricks  are  made  from  material  obtained  from  the  Vale  of  Neath,  in  Glamorgan- 
shire ;  but  they  have  been  imitated  in  Germany  by  a  mixture  of  pure  quartz-sand  with 
I  per  cent  lime.  Dr.  Siemens,  F.R.S.,  says  of  these  bricks—"  Welsh  Dinas  brick,  con- 
sisting of  nearly  pure  silica,  is  the  only  material  of  those  practically  available  on  a  large 
scale  that  I  have  found  to  resist  the  intense  heat  (4000''  F.)  at  which  steel- smelting 
furnaces  are  worked."  Messrs.  Martin  Brothers,  of  Lee  Mt)or,  Plymptou,  have  made  some 
bricks  from  the  refuse  of  kaolin,  or  china  clay,  mixed  with  quartz-sand,  carefully  selected 
and  washed.  The  kaolin  is  found  in  Cornwall  and  Devonshire,  and  is  produced  by  the 
disintegration  of  pegmatite  or  felspathic  granite,  under  the  action  of  the  atmosphere  ;  it 
then  becomes  a  baaio  silicate  of  alumina.  The  following  are  some  analyses  of  these 
kaolinitic  bricks  ;  they  possess  remarkably  high  refractory  power  from  the  small  quantity 
of  iron  contained :  — 

Silica       75-89  75-36  73-50  76-70 

Alumina 21-61  21-47  22-70  20*10 

Peroxide  of  iron    ....  1*96  1*79  1-70  1*70 

Alkalies,  waste,  (fee.      ..  0-50  1-38  2-10  1-50 


loo'oo  100-00  lOQ-OO  loo-oo 

SauiuryWare.  Sanitary  ware  is  one  of  the  largest  branches  of  stoneware  manufacture. 
Stoneware  is  admirably  adapted  for  employment  where  an  impermeable  and  water-tight 
body  is  desired,  as  in  drains,  sewers,  subways,  <fec.  Formerly,  when  about  thirty  years 
ago  the  manufacture  of  stoneware  drains  was  commenced,  the  procesKos  wore  all  manual, 
and  consisted  in  building  up  the  large  pipes  or  tubes  section  by  section  on  a  strong 
potter's  wheel.  But  machinery  now  effects  the  formation  of  this  ware  with  a  great 
economy  of  time  and  labour.  The  clay  is  placed  in  a  strong  cylinder  of  iron,  in  the 
bottom  of  which  is  a  circular  opening  corresponding  with  the  solid  section  of  the  pipe  ;  an 
iron  piston,  driven  by  steam,  descends,  forcing  the  clay  through  this  opening.  By  this 
means  the  pipe  is  formed  :  the  socket  or  joint  is  generally  added  on  a  wheel.  Bends,  for 
the  turning  of  the  corners  of  streets,  Ac,  are  made  by  simply  bending  the  pipe  by  hand 
as  it  is  squeezed  out  of  the  machine.  Messrs.  Clayton,  Williams,  Whitehead,  and  Ainslie 
are  among  the  most  celebrated  manufacturers  of  these  machines.  Messrs.  Clayton 
recently  exhibited,  at  the  International  Exhibition,  a  small  machine  working  on  the  prin- 
ciple just  described,  that  can  be  manipulated  by  a  man  and  a  boy. 

crodbiM.  For  crucibles  it  is  necessary  that  materials  shall  be  used  tliat  will  with- 
stand the  highest  temperature.  Good  crucibles  do  not  crack  on  being  rapidly  cooled, 
and  they  must  also  witlistand  the  action  of  the  iluxes  that  may  result  from  the 
smelting  of  metals.  The  most  common  crucibles  are  tlie  Hessian,  the  grapliite  or 
plumbago,  and  the  English.  Tlic  Hessian  crucible  is  made  of  i  part  cLiy  (of  71  parts 
silica,  25  parts  alumina,  and  4  oxide  of  iron)  and  one-half  to  one-third  the  weiglit  of 
quartz-sand.  They  are  refractory,  remain  unaltered  by  variations  in  temperature, 
but  are  unsuited  to  some  chemical  operations  on  account  of  coarseness  of  grain  and 
porosity.  If  containing  too  large  a  proportion  of  silica,  tliey  become  perforated  by 
oxide  of  lead,  alkalies,  &c.  Graphite  or  plumbago  crucibles  are  made  from  i  part 
of  refractory  clay  and  3  to  4  parts  graphite.  The  Patent  IHumbago  Crucible  Company 
of  Battersea,  as  well  as  the  Nuremberg  manufacturers,  employ  Ceylon  graphite  and 
fire-clay.  Grapliite  crucibles  will  bear  tlie  highest  temperature,  and  they  can  be 
made  to  almost  any  required  size.  English  crucibles  are  made  from  2  parts  of 
Stourbridge  clay  and  i  part  of  coke.  Cnicibles  containing  coal  become  reduced 
when  heated  in  contact  with  metallic  oxides,  and  are  th<;reforc  unfitttKl  to  the 
smelting  of  metals.  Recently  lime  and  chalk  crucibles  have  been  employed  for  this 
purpose.  Caron  has  used  magnesia  crucibles  in  tlie  smelting  of  iron  and  steel. 
Gaudin  employs  an  eijual  mixture  of  bauxite  or  cryolite  and  magnesia.  Very  similar 
are  the  bauxite  crucibles  of  Audouin. 
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Lime  and  Lime-Burnino. 

Lim*.  Lime,  protoxide  of  calcium  (CaO=56),  in  its  combination  with  carbonic  acid 
as  carbonate  of  lime  (CaC03)  is  a  substance  of  the  most  frequent  occurrence.  It 
is  a  constituent  of  bone,  of  tlie  shells  of  the  mollusca,  and  is  found  most  extensively 
in  the  mineral  kingdom  as  marble,  limestone,  coral,  Iceland  spar,  arragonite, 
chalk,  &c.  Its  technical  applications  are  as  marble  in  building,  in  the  manufacture 
of  artificial  mineral  waters,  as  Iceland  spar  for  optical  purposes,  as  chalk  in  colours 
and  drawing  materials,  in  the  manufacture  of  soda,  in  the  preparation  of  hydraulic 
mortars,  building  and  plastering  materials,  &c.  Limestone,  AliJcn  lime,  lias  lime, 
Jura  lime,  &c.,  is.  when  mixed  with  clay,  iron,  and  other  metallic  oxides,  used  as  a 
colour.  Lithographic  stone  is  a  yellow-white  limestone,  employed  as  its  name  implies, 
in  lithography.  Chalk  or  earthy  carbonate  of  lime  occurs  in  strata  in  North 
Germany,  Denmark,  France,  and  England.  To  this  class  belongs  marl-limestone, 
distinguished  by  containing  clay.  With  carbonate  of  soda,  carbonate  of  lime 
forms  Gay-Lussite  (CaCOj+NajCOg) ;  with,  carbonate  of  baryta,  barj^to-calcite 
(CaC03-|-BaC03) ;  and  with  carbonate  of  magnesia,  bitter-spar  or  dolomite 
(CaCOj-fMgCOj),  the  latter  occurring  with  3  molecules  of  carbonate  of  magnesia 
to  I  molecule  of  carbonate  of  lime. 

properuea.  Carbonate  of  lime  is  not  soluble  in  pure  water ;  but  if  the  water 
should  hold  carbonic  acid  in  solution,  bicaibonate  of  lime  is  formed.  WTien  this 
solution  by  means  of  evaporation  loses  half  its  carbonic  acid,  an  insoluble  carbonate 
is  formed.  In  this  manner  are  naturally  formed  stalactites  and  stal<i{f  mites.  The 
deposit  of  calc-sinter  upon  objects  deposited  in  caverns,  in  limestone-rock,  &c.,  is 
thus  explained.  When  carbonate  of  lime  is  ignited  to  whiteness  in  a  porcelain 
crucible,  the  carbonic  acid  is  disengaged,  and  there  remains  protoxide  of  calcium 
(CaO)  or  caustic  lime.  100  parts  of  carbonate  of  lime  yield  56  parts  of  burnt 
lime.  The  volume  of  tlie  lime  undergoes  no  diminution  by  burning.  Burnt  lime  is 
the  ioTOk.  under  which  lime  most  commonly  appears  in  the  market.  Carbonate  of 
lime,  heated  in  a  closed  porcelain  tube,  melts,  and  forms  a  crystalline  mass,  a 
carbonate,  afterwards  unalterable. 

Limeiiiming.      The  bumiug  of  the  lime  is  effected — 

In  kilns, 

In  field-ovens,  and 

In  lime-ovens. 

Lime-burning  in  kilns  is  accomplished  in  the  following  manner : — The  limestone, 
unless  it  has  previously  been  broken  into  small  pieces,  is  heaped  up  into  cairns  similar 
to  the  heaps  of  wood  to  be  converted  into  charcoal.  The  kiln  is  then  covered  with 
earth  or  turf,  and  the  fire  so  placed  that  the  larger  pieces  of  lime  in  the  interior  of 
the  heap  are  burnt.  The  regulating  of  the  draught,  the  kindling,  the  covering,  and 
the  cooling,  are  on  the  same  principle  as  that  followed  by  the  charcoal  burner  in  the 
conversion  "of  wood  into  charcoal  by  combustion.  According  to  P.  Loss,  a  kiln  of 
tliis  kind,  45  metres  in  height,  contains  355  cubic  metres  of  lime  as  well  as  26  cubic 
metres  of  lime-dust.  In  the  field-ovens  the  burning  is  similarly  conducted,  but 
sometimes  on  a  larger  scale,  the  kilns  being  always  temporary.  It  is  easy  to  see 
that  the  burning  in  this  manner  is  only  of  slight  technical  importance ;  besides  the 
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Therefore 


great  mBte,  onlj  a  amftll  quantitj  could  be  produced  at  an  operation 
permanently  constmcted  ovena  are  employed.    These  are  divided  into — 

a.  Those  kilns  in  which  the  burning  is  interrupted,  or  occasionallj  employed 

(the  periodical  kiln) . 

b.  Those  kilns  in  which  the  burning  is  continuous  (the  contiDnaus  kiln). 

In  the  occasional  kiln,  after  the  burning  is  finished,  tlie  kiln  ia  cooled,  and  the  lime 
then  removed.  In  the  continual  kiln,  on  the  contrary,  the  calcination  is  continnous, 
the  kiln  never  being  allowed  to  cool.  It  ia  bo  constructed  that  the  burnt  time  can  be 
removed  and  fresh  limestone  introduced,  without  in  the  least  intermpting  the  process. 
The  continual  kiln  has  many  recommendations — among  them  that  of  effecting  a 
saving  in  fuel,  as  use  can  be  made  of  the  refuse  lime  for  this  purpose.  In  a  small 
way,  where,  as  a  mle,  burning  cannot  be  constantly  carried  on,  the  small  occasional 
Idln  is,  of  course,  to  be  preferred. 

£rioSc"&nL  The  occasional  or  periodic  kiln  with  interrupted  burnings  have,  or 
Bometimea  have  not,  a  grated  furnace.  Figs.  177  and  178  show  two  lime-kilns  of  the 
ordinary  construction  without  grated  furnaces.  They  are  built  either  on  the  slope  of 
ft  hill  or  on  the  slope  of  the  limestone  quarry  itself.  As  a  rule  the  kilns  are  boilt 
near  one  another,  so  that  one  wall  serves  for  two  kilns.  The  height  of  the  vault 
varies  from  13  to  i '6  metres,  and  it  is  generally  bnilt  of  the  largest  hmestones,  while 


s  and  liiuc-dust  are  placed  in  tlie  interior  of  the  kiln.  Tlirongh  the 
furnace  doors,  easily  combustible  fuel,  such  as  bmshwDod,  hght  timber,  shavings,  &c., 
ia  introduced.  The  mass  becomes  gradually  heated,  the  larger  stones  crack  and  break 
up  and  the  whole  mass  sinks  together.  As  the  firing  is  increased  the  lime  becomes  of  a 
brighter  colour  and  the  flames  free  from  smoke.  As  soon  as  the  lime  immediately 
under  the  stones  on  the  top  of  the  kiln  is  at  a  white  heat  the  burning  is  complete. 
The  mass  by  this  time  will  have  sunken  one-sixth.  A  burning  generally  occupies 
thirty-six  to  forty-eight  hours.  An  occasional  kiln  with  a  grated  furnace  effects  a 
quicker  and  more  complete  combustion  of  the  fuel ;  but  they  are  open  to  the  objec- 
tion that  the  consumption  is  greater.  On  the  oUter  hand,  the  kilns  without  a  grated 
furnace  are  less  perfectly  heated.  A  kiln  much  used  in  Hanover  is  shown  in 
Fig.  179,  and  in  plan  in  Fig.  180:  Fig.  iSi  shows  the  under  part  of  the  kiln  in 
vertical  section.  The  lower  room  serves  for  the  calcination  of  the  lime ;  over  this  ia 
a  vaulted  chamber  312  metres  in  diameter  and  11  feet  in  height,    e  ett.  Figs.  180 
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and  i8i.  are  foiir  Htoke-holcfl  for  tlie  introduction  of  furl,  Htnnc-con.1.  binwn-coal, 
breeze,  Ac.  b  is  the  approach  by  wliioli  Oic  limestone  is  introiluned  into  tlie  fumnce ; 
d  the  door  hy  which  entraDce  is  oljtaiucd  to  remove  the  buviit  liiiie.  ISolh  tlieue 
opeDiii{i^  are  closed  during  the  actual  burning,  a  ia  au  appro^ich  to  the  "  upper 
jacket,"  as  the  upper  cliumber  is  termed.  This  opening  is  necessary  as  a  draught  to 
assist  the  flame  and  Lot  gases  in  Uieir  escape  from  the  top  of  the  Iriln  ;  it  also  causes  a 
more  intense  llame  in  other  parts  of  the  kiln.    Figs.  t8o  and  iSi  show  bow  Uie  Ume- 


Btoiie  is  kept  clear  of  the  hearths.  A  piece  of  wood  is  placed  vertically  in  the  centre 
of  the  oven  to  direct  the  flames  upwards  when  the  fire  is  lighted.  During  the  first 
six  hom-s  the  fire  Is  weak ;  tlien  a  stronger  fire  is  obtained  until  the  yellow  lime- 
fiames  spring  from  the  openings  in  tlie  vault,  and  the  oven  is  in  a  clear  glow. 

nt  CgnUmiinii  EUu.  The  construction  of  the  kilns  for  continuous  burning  is  somewhat 
different  to  that  of  the  preceding.  They  are  of  two  kinds.  In  one  the  fuel  and  the 
limeatoae  are  placed  in  alternate  layers ;  is  the  other  kind,  the  fuel  and  the  limeetoua 


are  not  in  contact,  there  being  furnaces  for  the  former  and  separate  chambers  for  the 
latter.  In  either,  fresh  limesUme  ia  added  in  proportion  as  the  burnt  stone  ia 
temoTed  from  the  bottom  of  the  kiln. 
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At  Riidersdorf.  near  Berlin,  a  very  efficient  kiln  ia  employed,  shown  in 
Bection  in  Fig.  i8a.  The  lining  wall  of  the  ebaft,  d,  la  built  of  fire-brick,  the 
counter  wall.  »,  ia  aeparated  from  the  lining  wall  by  a  chamber  filled  viith  aslies, 
bnilding  refuse,  Ac.  The  outer  wall,  n  b,  is  not  an  cHsential  portion  of  the  kiln ;  it 
serves  merely  as  a  jacket  for  the  retention  of  the  heat,  while  the  gallerieH,  h  and  r, 
can  be  used  aa  drj-ing  rooms  for  wood,  fuel,  Ac.  During  the  process,  the  under 
part,  B 
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s  for  wood,  fuel,  &c. 
,  of  the  Bhaft  ia  filled  with 
prepared  lime,  which  ia  removed  by 
the  draught  hole,  a.  in  the  eole  of 
the  shaft.  For  the  purpose  of 
hasteniDg  the  descent  of  the  burnt 
lime,  the  aides  of  the  lower  part  of 
the  shaft  are  sloped  towards  the 
draught-holes.  Tlie  aliaft  is  usually 
14*123  metres  in  height.  About 
4  metres  above  the  sole  of  the  shaft 
is  situated  the  lire  room,  h.  Three 
to  five  fire  rooms  are  in  action  in  a 
single  shaft.  The  fuel  is  wood  or 
turf,  i  is  the  ash-pit,  whence  tlie 
sahes  fall  into  r.  The  fiame  enters 
the  shaft  through  tlie  opening,  ft,  at 
the  end  of  the  fire  room.  The 
freshly-burnt  lime  ia  received  in  p. 
s  K  is  a  draught  gaUery  communi- 
cating with  H.  The  kilns  are  locally  k 
according  to  the  number  of  fire  rooms.  Should  the  kiln 
some  time,  the  firing  is  commenced  by  adding  fuel,  such 
limestone  in  the  shall.  Wlieu  tlie  sliaft  is  tliuroughly  warmed  and  a  good  druuglit 
oblained,  lime  only  is  introduced  into  the  shaft,  The  shaft  is  entirely  filled  with 
limestone,  and  sonielimes  (lie  limestone  accumulates  upon  the  mouth  or  top  of  tlie 
kiln  to  a  height  of  13  metres. 

Uliu  In  Bnnim      When  the  locality  is  favonrallc  the  kilne  are  arranged  (0  bum  both  lime 
Umeud  Brii^n,    ^q,}  tricka  at  tlia  sama  time.     The  auuulftr  kiln  ot  Hoffmann  and  Licht, 
described  under  Brick-making,  U  tho  moat  aaitablo  for  this  double  pnrpoae. 

PntaUwoiLinifc  The  quality  of  the  burnt  lime  is  greatly  iiiflni^nced  by  the  constitu- 
tion of  the  limestone  burnt.  When  tlie  limestone  consists  cliielly  of  pure  carbonate 
of  lime,  the  resulting  lime  is  wliat  is  termed  a  "fat*'  lime.  On  the  otlier  hand,  if  tlie 
I  of  siniilar  composition  to  dolomite  {CaCO^-f-^'lj'^tJs'  contaiiiiu); 
le  resulting  lime  forms  a  short,  thin  pulp  with  water,  and  is  temicd 
"poor."  With  10  per  cent  of  magnesia  the  lime  is  noticeably  poor,  and  with  25  to 
30  per  cent  almost  useless.  The  lime  on  being  taken  from  the  kiln  is  by  no  means 
found  to  bo  burnt  equally.  Some  piecea  that  have  almost  escaped  tlie  tire  are 
merely  superficially  burat,  an<l  loniain  a  kernel  of  uuburnt  limestone.  Otlier  pieces 
exposed  to  tlie  full  heat  of  the  kiln  are  "  over -burnt,"  The  "  over-burning  "  of  the 
lime  is  either  duo  to  the  fonuing  of  "balf-bumt"  lime  |CaCOj+CaH,0,l  by  a 
fltrong  and  sudden  ignition;  or  by  means  of  the  high  temperature  the  small  quantity 
of  silica  and  alumina  contained  in  the  limestone  become  sintered  over  the  enrface. 


a  wood,  turf,  Ac,, 
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and  the  lime  is  thus  prevented  by  a  coating  of  silicate  from  combining  with  the 

water  to  form  a  pulp. 

siakimt  Limo.        BuTut  lime  moistened  with  water  slakes  with  great  violence,  loo  parta 

by  weight  of  lime  requiring  only  32  parts  water,  or  3  vols,  of  lime  to  i  vol.  water,  to 

obtain  by  the  combination  a  temperature  of  150°.    The  result  of  the  slaking  is  a  soft, 

white  powder,  lime-meal  or  powdered  lime,  hydrate  of  protoxide  of  calcium  (CaHaO^), 

which  in  volume  exceeds  three  times  that  of  the  lime  slaked.    If  less  water  is  added 

than  is  requisite  for  the  formation  of  the  hydrate,  a  sandy  powder  is  obtained  of 

little  value  technically.    It  is  therefore  very  disadvantageous  to  place  lime  in  baskets 

in  damp  situations.    For  technical  application  to  building  purposes,  after  the  lime 

has  been  slaked  with  one-third  of  its  weight  of  water,  an  equal  quantity  of  water  is 

added  to  the  mass  to  form  a  thin  pulp.     Slaked  lime  retains  its  water  of  formation 

with  such  obstinacy  that  at  a  temperature  of  250°  to  300°  no  loss  of  weight  occurs. 

The  hydrate  forms  a  thin  pulp  with  water,  and  from  this  pulp  by  further  dilution 

lime-water  or  milk  of  lime  is  obtained.     If  the  lime-water  be  filtered,  there  results  a 

saturated  solution  of  hydrate  of  lime,  containing  i  part  hydrate  to  778  parts  water. 

When  exposed  to  the  atmosphere,  lime-water  rapidly  absorbs  carbonic  acid,  and  is 

soon  covered  with  a  thin  film  of  carbonate.    Lime-water  has  a  strong  alkaline 

reaction,  due  partly  to  the  lime  itself,  and  partly  to  the  fact  that  most  limestones 

contain  conmion  salt  and  alkaline  silicates,  which,  under  the  influence  of  the  canstio 

lime,  are  converted  into  caustic  alkali. 

vte%  of  I Jme.  The  technical  applications  of  lime  are  very  many.  Its  great  affinity  for 
carbonic  acid  fits  it  especially  for  the  preparation  of  the  caustic  alkalies.  Slaked  lime  is 
employed  in  the  preparation  of  ammonia  from  sal-ammoniac,  of  hypochlorite  of  calcium 
(chloride  of  lime),  in  the  precipitation  of  magnesia  from  the  mother-ley  of  salines ;  in  the 
purification  of  illuminating  gas  from  carbonic  acid  and  partly  from  sulphuretted 
hydrogen;  in  the  refining  of  sugar  and  the  separation  of  the  sugar  from  beet-root  juice;  in 
the  manufacture  of  soda ;  in  tanning,  to  remove  the  hair  and  prepare  the  hide ;  in 
bleaching ;  in  the  manufacture  of  stearine  candles ;  in  the  preparation  of  alum  and  sol- 
phate  of  alumina  from  cryolite ;  for  neutralising  the  sulphuric  add  in  the  preparation  of 
starch-sugar,  &c.  One  of  the  latest  applications  of  lime  is  to  the  oxy-hydrogen  or 
oxy-calcium  Ught,  which  is  of  so  much  importance  in  signalling,  and  such  a  valuable  aid 
to  the  lecturer.  The  most  important  application  of  lime  is  doubtless  in  the  making  of 
mortar. 

Mortar. 

Mortar.  Mortar  is  a  mixture  of  sand  with  cream  of  lime,  used  in  building  as  a  binding 
material.  The  ordinary  mortar  sets  or  hardens  only  in  the  air ;  hydraulic  mortar 
sets  under  water. 

a.  Common  or  Air-setting  Mortar. 

Wlien  slaked  lime  is  exposed  to  the  atmosphere  it  absorbs  carbonic  acid,  and  the 
mass  becomes  much  shrunken  and  cracked.  The  hydrate  of  lime  thus  formed 
on  becoming  perfectly  dry  attains  the  hardness  of  marble.  Such  a  material,  with 
certain  modifications,  is  consequently  admirably  adapted  as  a  cement  to  bind  together 
bricks,  blocks  of  stone,  &c.,  in  building.  But  as  tlie  contraction  or  shrinkage  would  give 
rise  to  great  unevenness  in  the  construction  of  walls,  it  becomes  necessary  to  add 
sand  or  some  similar  substance  to  the  lime-cream.  Tliis  addition  gives  a  body  to  the 
mortar,  which  with  the  bricks  combines  into  one  coherent  mass.  Common  mortar  is 
ordinarily  made  with  slaked  lime,  an  intimate  mixture  witli  sand  and  water  being 
formed.  Angular  or  sharp  sand  is  preferred  to  smooth,  round  sand,  as  making 
a  more  tenacious  mortar.     Round-grained  sand  yields  a  very  brittle  mortar.    The 
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proportion  of  sand  to  the  lime  is  a  matter  immediately  affecting  the  quality  and 

hardness  of  the  mortar.     In  practice,  i  cuhic  metre  of  stiff  lime-cream  requires  3  to  4 

cuhic  metres  of  sand  ;  but  poor,  magnesia-containing  lime,  will  only  admit  of  i  to  2i 

cubic  metres  of  sand.    When  mortar  is  employed  in  brick-laying,  the  surface  of  the 

brick  is  moistened,  the  mortar  laid  between  each  brick,  and  left  to  dry.    When  dry 

it  is  often  harder  than  the  brick  itself. 

Hardening  the  Mortar.  Mortar  sets  or  hardens  very  quickly;  after  a  day  it  will  attain  a 
firmness  that  will  last  for  centuries.  The  dr^'ing  out  of  the  water  from  the  mortar  is  not 
the  sole  cause  of  its  hardening,  as  may  be  very  easily  ascertained  by  drying  the  mortar  in 
a  water-bath  or  over  the  spirit-lamp ;  the  result  is  not  a  stone-like,  but  a  friable,  non- 
coherent  mass.  Fuchs  accounts  for  the  hardening  of  mortar  by  supposing  the  formation 
of  the  so-called  neutral  carbonate  of  lime  (CaCOj-i-CaHaOa),  a  combination  which  has  not 
been  known  to  suffer  conversion  into  ordinary  carbonate  of  lime  (CaCOj).  Beoent 
researches  have  shown  this  supposition  to  be  erroneous,  as  it  does  not  agree  with 
the  results  of  analyses,  which  have  yielded  a  quantity  of  carbonic  acid  incompatible  with 
the  existence  of  a  neutral  carbonate  ;  20  and  even  70  per  cent  of  carbonic  acid  have  been 
found.  The  experiments  of  Alexander  Petzholdt,  A.  von  Schrotter,  and  others,  have 
proved  there  to  be  an  increase  of  soluble  silica.  The  conversion  of  quartz-sand 
into  soluble  silica  under  the  influence  of  hydrate  of  lime,  is  not  however  a  reaction  at  all 
explanatory  of  the  hardening  of  mortar,  as  washed  chalk  instead  of  silica  forms  an 
equally  hard  mass.  W.  Welters  gives  the  formation  of  silicate  of  lime  as  accounting 
for  the  hardening  of  mortar.  It  is  not  seldom  in  the  analysis  of  old  mortar  from  the 
interior  of  walls  that  caustic  alkalies  are  found. 

h.  Jlydroulic  Mortar. 

Hydraulic  Mortar.  Limestono  Containing  more  tlian  10  per  cent  silica  possesses,  when 
burnt  and  made  into  a  mortar,  tlie  peculiar  property  of  hardening  under  water. 
Lime  burnt  from  such  limestone  is  termed  hydraulic  lime,  and  the  mortar  hydraulic 
mortar. 

When  unbumt,  hydraulic  lime  is  a  mixture  of  carbonate  of  lime  with  silica  or 
a  silicate,  generally  silicate  of  alumina,  the  latter  being  insoluble  in  hydro<^liloric 
acid.  During  tlie  burning,  the  hydraulic  lime  suffers  a  change  similar  to  tliat  taking 
place  when  a  silicate  insoluble  in  acid  is  precipitated,  during  the  application  of  heat, 
with  an  alkaline  carbonate.  After  burning,  the  lime  is  to  a  great  extent  soluble  in 
hydrochloric  acid,  and  has  lost  some  of  its  carbonic  acid.  Von  Fuchs,  Feichtinger, 
Harms,  Heldt,  W.  Michaelis,  and  A.  von  Kripp's  experiments  have  proved  tliat  the 
silica  of  hydraulic  lime  is  precipitated  in  a  gelatinous  condition,  and  that  con- 
stituents such  as  alumina  and  oxide  of  iron  are  of  influence  only  when,  under 
ignition,  tliey  have  fonned  a  chemical  combination  with  the  silica. 
Hydraulic  mortars  are  made : — 

1.  Witli  a  thin  cream  of  lime  and  water  to  which  sand  is  added;  or  with 

2.  A  mixture  of  ordinary  air-mortar  with  water  and  cement. 

During  tlie  slaking  of  the  hydraulic  lime  water  is  absorbed,  but  without  any  con- 
siderable evolution  of  heat  or  increase  in  volume.  Hydraulic  mortar  is  applied  in 
the  same  manner  as  ordinary  mortar — tlie  lime-cream  must  he  freshly  made,  and  the 
brick  or  masonry  work  moistened.  The  mortar  should  be  place<l  thickly  between 
each  layer  of  bricks,  in  order  to  afford  a  good  firm  bed,  and  allow  for  shrinkage. 

cemenu.  It  follows  from  wliat  has  been  said  that  an  artificial  hydraulic  mortar  can 
be  prepared  from  ordinary  lime  by  the  addition  of  silica.  Such  a  preparation 
is  termed  a  cement.  A  few  natural  cements  are  found,  and  may  be  considered 
as  chiefly  of  volcanic  formation.  To  this  class  belong  tuff-stone,  tarras,  or  trass,  a 
tertiary  earth,  the  basis  of  which  appears  to  be  pumice-stone  with  small  qnantities 
of  basalt  and  calcined  slate,  tlio  pozzolano  of  Itnir,  and  santorin. 
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Tarras,  or  trans,  also  contains  magnetic  iron  in  small  quantiticB,  as  well  as  titanic  irotu 
The  following  are  the  constituents  according  to  analysis  : — 

Solnble  in  Insoluble  in 

hydrochloric  acid.  hydrochloric  acid. 

Silica 11*50  37*44 

Lime      3*16  2*25 

Magnesia      2*15  0*27 

Potash 0*29  0*08 

Soda       2*44  1*12 

Alumina        17*70  1*25 

Oxide  of  iron       11*17  075 

Water 7*65  — 

56*86  42*98 

This  cement  has  been  employed  for  300  years  as  a  hydraulic  mortar,  and  is  one  of  the 
most  important  of  its  class. 

Pozzolano  is  another  tertiary  earth,  occurring  chiefly  at  Puzzuoli,  near  Naples,  as 
a  loose,  gray,  or  yellow-brown  mass,  of  partly  a  fine-grained  and  parUy  an  earthy 
fracture.    It  contains  in  100  parts : — 

Silicic  acid 44*5 

Alumina       15*0 

Lime 8-8 

Magnesia     4*7 

Oxide  of  iron      12*0 

Potash \ 

Soda      I  5*5 

Water 9*2 

lOO'O 

The  oxide  of  iron  contains  small  quantities  of  titanium.  More  lime  must  be  added  to 
form  a  hydraulic  mortar.  The  masonry  of  the  light-room  of  the  Eddystone  Lighthouse 
is  cemented  with  a  hydraulic  mortar  formed  from  equal  parts  of  pulverised  pozzolano  and 
slaked  lime. 

Santorin  derives  its  name  from  the  Greek  Island  of  Santorin,  where  it  was  first  foimd. 
It  is,  similarly  to  trass,  a  volcanic  formation,  and,  according  to  G.  Feichtinger  (1870),  con- 
sists of  a  mixture  of  cement  and  sand,  the  latter  containing  large  quantities  of  pumice- 
stone.  It  is  not  largely  employed  as  a  cement,  on  account  of  the  difficulty  of  separating 
the  true  cement  from  the  accompanying  sand. 

• 

Aiiifldaioemenu.  The  high  i^ricB  of  natural  cements  consequent  upon  the  smallness 
of  the  quantity  found,  and  the  difficulty  of  working  them,  has  given  much  encourage- 
ment to  the  manufacture  of  artificial  cements.  Indeed,  the  use  of  natural  cements  is 
the  exception  and  not  the  rule.  Parker,  Wyatt,  and  Co.,  were  the  first  artificial  cement 
manufacturers,  and  took  out  their  English  Patent  in  1796 ;  they  may  therefore  be 
considered  as  the  founders  of  the  extensive  industry  of  the  present  day.  The 
cement  prepared  by  them,  and  now  in  use,  is  known  as  English  or  Boman  cement. 
It  is  manufeujtured  by  burning  a  peculiar  clay-shale  found  above  the  chalk  formation 
in  the  Isle  of  Sheppey  and  the  Isle  of  Wight.  The  burning  is  effected  in  an 
ordinary  lime  kiln,  and  the  burnt  shale  is  afterwards  pulverised.  The  resulting 
red-brown  powder  eagerly  absorbs  carbonic  acid  and  water  from  the  air.  It  is 
packed  in  casks  and  stored  ready  for  use.  When  prepared  as  a  mortar,  it  hardens 
or  sets  in  fifteen  to  twenty  minutes. 

Michaelis  found  by  the  analysis  of  various  Roman  cements : — 

I.  2.  3.  4. 

Lime        5838  55"5o  4783  5888 

Magnesia        500  173  2426  2*25 

Silicic  acid      2883  2500  580  2366 

Alumina 640  696  150  7*24 

Oxide  of  iron, 480  963  2080  797 
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The  analyses  are  frota  cements  free  from  water  and  carbonic  acid.  No.  i  is 
Boman  cement  from  Riidersdorf  limestone ;  2.  From  limestone  from  the  Isle  of 
Sheppey,  yellow-brown  in  colour,  coarse,  and  hard ;  3.  From  limestone  forming  the 
under  bed  of  the  lead  ores  at  Tamowitz,  of  a  blue-gray  colour,  firm,  and  of  a 
crystalline  appearance  ;  4.  From  Hausbergen  limestone. 

Portland  cement,  so -named  from  the  resemblance  it  bears  when  set  to  Portland 
stone,  is  a  scaly  crystalline  powder  of  gray  colour,  and  was  first  prepared  by 
Mr.  Joseph  Aspdin  of  Leeds,  in  1824.  According  to  liis  Letters  Patent,  he  prepared 
the  cement  in  the  following  manner : — A  large  quantity  of  limestone  was  taken  and 
pulverised;  or  the  dust  or  pulverised  limestone  used  to  mend  the  roads  was 
employed.  This  material  was  dried  and  burnt  in  a  lime-kiln.  An  equal  quantity  by 
weight  of  clay  was  added  to  the  burnt  lime,  and  thoroughly  kneaded  with  water  to  a 
plastic  mass.  This  was  afterwards  dried,  broken  in  pieces,  and  burnt  in  a  lime-kiln 
to  remove  all  the  carbonic  acid.  The  mass,  thus  transformed  to  a  fine  powder, 
is  ready  for  the  market.  It  is  known  in  commerce  as  a  gray,  or  green-gray,  sandy, 
palpable  powder.  But  Pasley  must  be  considered  the  true  founder  of  artificial 
cement  manufacture  in  England  ;  he,  in  1826,  obtained  a  cement  by  the  burning  of 
river-mud  from  the  Medway,  impregnated  wdth  the  salts  from  the  sea-water,  with 
limestone  or  chalk.  The  mud  from  the  Medway  is  probably  best  adapted  for  the 
manufacture  of  Portland  cement  on  account  of  the  sodium  salts  it  contains,  and  from 
this  supposition,  there  seems  good  ground  for  Pettenkofer's  recommendation  that 
various  marls,  burnt  after  lixiviation  with  a  solution  of  common  salt,  should  be 
tried.  At  the  present  time  the  mud  from  the  mouths  and  delta  formations  of  several 
large  rivers  is  employed  in  the  preparation  of  this  cement. 

The  manufacture  of  Portland  cements  usually  follows  this  mode.  The  raw 
materials,  limestone  and  clay  or  mud  in  equal  quantities,  are  intimately  mixed,  the 
mixture  dried  in  tlie  air,  and  then  burnt  in  a  shaft-oven.  The  shaft-oven  is  generally 
14  to  30  metres  in  height,  with  a  \^idth  of  2*3  to  4  metres.  At  a  height  of  i  to  13 
metres  from  the  ground  is  a  strong  grating,  through  which  the  lumps  of  limestone 
mostly  fall,  those  remaining  being  afterguards  broken  by  the  heat.  The  oven  is  so 
arranged  tliat  a  layer  of  fuel  and  a  layer  of  cement  stone  alternate.  Coke  is 
generally  chosen  as  fuel,  being  found  by  experience  best  adapted  for  the  purpose. 
After  the  mass  has  been  submitted  to  a  red  heat  for  one  hour,  it  assumes  a  yellow- 
brown  colour,  and  at  a  higher  temperature  becomes  a  dark  brown.  Gradually  the 
lime  becomes  causticised,  and  enters  more  and  more  into  chemical  combination  with 
the  silicates.  At  a  white  heat  the  mass  becomes  gray  in  colour,  with  a  streak  here 
and  there  of  green.  If  during  the  operation  these  colours  are  shown  at  the  several 
stages,  the  resulting  cement  will  be  good  and  set  hard.  If  the  heating  is  continued, 
the  cement  will  assume  a  blue-gray  colour  and  become  quite  useless.  If  removed  at 
the  first  stage  the  mass  yields  a  yeUow-bro\vn,  light  powder ;  at  the  second,  a  gray, 
sharp  powder  tinged  with  green.  Beyond  this  stage  the  powder  is  blue-gray,  or  gray- 
white,  clear  and  sharp,  and  very  similar  to  glass -powder.  The  more  lime  the 
mixture  contains,  or,  it  might  be  said,  the  more  basic  the  mixture,  the  more  durable 
is  the  cement,  and  the  less  it  falls  to  pieces  in  burning.  A  mixture  in  which  clay 
predominates  is  always  more  or  less  a  weaker  cement,  falling  to  pieces  readily, 
or,  technically,  not  binding  well.  According  to  Michaelis,  the  addition  of  lime  or 
alkalies  prevents  the  cement  separating,  and  renders  it  more  binding ;  but  in  practice 
this  addition  would  not  be  sufficiently  economical.    The  more  intimately  the  clay 
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and  lime  are  mixed,  the  larger  the  amotmt  of  lime  that  may  be  incorporated.  From 
the  moment  of  stififening  till  tlie  final  hardening,  the  cement,  if  set  in  the  air, 
«xpmences  no  change ;  but  if  in  water,  there  is  at  first  a  small  loss  of  the  more 
fioluble  constituents — the  alkalies. 

Portland  cement  mixed  with  water  to  a  pulp  stiffens  in  a  few  minutes,  and  after 
the  elapse  of  a  day  sets  tolerably  hard.  After  a  month  the  cement  sets  into  a  sub- 
stance so  hard  and  firm  that  it  emits  a  sound  when  struck  by  a  hard  body.  It  is 
admirably  adapted,  when  mixed  with  sand  or  gypsum,  for  being  cast  into  the 
various  architectural  ornaments,  and,  indeed,  has  from  this  property  been  termed 
artificial  stone.  Lately  Griineberg  has  made  crystallising  vessels  of  this  cement, 
and  Posch  employs  it  in  constructing  reservoirs  for  hot  fluids. 

HuiafMt«N  of  ArUfloui      ^he  procesB  of  manufacturing  true  Portland  cement  being  confined 
Cement  In  Germany.      %o  England  by  letters  patent,  the  cements  of  this  kind  made  in  Grer- 
many  may  be  considered  as  artificial  cements.    They  result  but  from  a  slight  variation  in 
method  only,  ohalk  and  clay  or  mud  being  mixed,  and  the  mixture  formed  into  bricks  or 
tiles,  then  burnt  and  ground  to  powder.     This  cement  answers  in  every  respect  the 
purposes  of  the  original  cement.     In  the  preparation  of  hydraulic  mortar  a  mixture 
of  chalk  and  lime  is  also  used,  together  with  marl,  the  ashes  of  pit-coal  and  turf,  the 
alum-shale  and  alum-earth  resulting  from  alum  manufacture,  burnt  potter's  earth,  broken 
porcelain,  pulverised  flint,  <&o.    Cbaloedouy  cement  is  a  mixture,  invented  by  H.  Fruhling 
(1870),  of  I  volume  of  burnt  chalcedony  with  i  volume  of  lime  and  2  volumes  of  white 
sand.    This  cement  has  a  glaze  much  resembling  polished  marble.    Although  the  prin- 
ciples of  the  hydraulic  nature  of  various  cements  and  mortars  are  known,  not  many 
experiments  have  been  made  in  verification.     The  elements  of  success  seem  to  lie  in 
a  due  regulation  of  the  heat  during  burning,  in  the  intimate  mixing  of  the  ingredients ; 
the  chief  principle,  the  chemical  combination  of  the  several  substances,  is  but  veiy 
little  known.     Of  the  various  uses  of  hydraulic  mortars,  we  have  nothing  to  do  ;  the  con- 
ditions of  applicability  are  : — i.  That  the  proportion  of  25  per  cent  of  clay  be  preserved ; 
2.  That  the  clay  be  of  the  requisite  quahty,  rich  in  silica,  finely  divided,  and  form  an 
intimate  mixture  with  carbonate  of  lime.    These  conditions  are  very  seldom  entirely  ful- 
filled.   Portland  cement  was  first  introduced  into  Germany  in  1850,  by  M.  Gierow,  of 
Stettin  ;  and  iu  1852  M.  H.  Bleibtreu,  of  Stettin,  erected  a  building  at  Bonn  in  which  this 
cement  was  largely  employed.     Since  that  time  there  has  hardly  been  a  building  in  the 
erection  of  which  Portland  cement  was  not  used. 

M.  W.  Michaelis  gives  the  following  analyses  of  Portiand  cements,  the  samples  being 
free  from  water  and  carbonic  acid : — 


I. 

2. 

3- 

4- 

5- 

6. 

7- 

8. 

9- 

Lime 

59'o6 

62-81 

61-91 

60-33 

61-64 

6174 

55*o6 

57-83 

55-28 

Silicic  acid 

24-07 

23-22 

24-19 

25-98 

23-00 

2563 

22-92 

23-81 

22-86 

Alumina  . . 

6*92 

5-27 

766 

7-04 

6-17 

6-17 

8-00 

938 

9-03 

Oxide  of  iron 

3-41 

2-00 

2*54 

2-46 

2-13 

o*45 

5-46 

522 

6*14 

Magnesia 

0-82 

1-14 

1-15 

023 

— 

2-24 

077 

1-35 

1*64 

Potash     . . 

073 

0-87  J 

1'27 

0-77 
0-46 

0-94 

0-60 

I-I3 

059 

0-77 

Soda        . .     . . 

0-30 

0-40 

1-70 

0-71 

Sulphate  of  lime 

^^1               \ 

285 

1-30 

— 

1-52 

1*53 

1-64 

175 

i-ii 

3-20 

Clay 

Sand  \    "     •• 

1-47 

2-54 

1-32 

1*04 

1-28 

1-13 

2-27 

— 

i-oS 

No.  I  is  Portland  cement  from  White  and  Brothers,  analysed  by  Michaelis.  No.  2  is 
Stettin  cement,  analysed  by  Michaelis.  Nos.  3  and  4  are  Wildauer  cements.  No.  s,  known 
as  Star  cement ;  and  No.  6,  another  Stettin  cement,  by  the  same  analyst.  No.  7  is 
English  cement.  No.  8  cement  from  works  near  Bonn,  both  analysed  by  Hopfgartner. 
No.  9  is  a  strong  and  porous  cement,  analysed  by  Feichtinger. 

An  analytic  comparison  of  German  and  English  cements  will  be  interesting.  German 
Portland  cement  has  the  same  colour  as  Enghsh  cement,  and  similarly  hardens  under 
water  to  the  same  degree  of  durability.  Under  the  microscope  both  possess  the  same 
foliated  and  slaty  appearance.  The  specific  weight  is  in  both  cases  the  same.  A  peculiar 
marl,  Euf stein  marl,  is  found  in  the  Tyrol,  near  Kuf stein,  yielding  an  excellent  cement,  of 
which  Feichtingor  gives  the  following  notice : — ••  Kuf  stein  Portland  cement  is  a  natural 
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bydranlio  limef  unlike  Engliali  Portland  cement,  which  is  an  artificial  hydraulic  lime.  It 
is  the  product  of  burning  a  marl  found  largely  in  most  Alpine  districts,  and  in  eyery 
applicable  condition  to  similar  to  English  Portland  cement.  The  following  is  an  analysis 
of  this  marl : — 

r  Carbonate  of  lime 70*64 

Constituents  |  Carbonate  of  magnesia 1*02 

soluble      in  J  Oxide  of  iron 2*58 

hydrochloric  j  Alumina 2*86 

acid                  Gvpsum 0*34 

^  Water  and  organic  substances 0*79 

Total  constituents  soluble  in  hydrochloric  acid. .     78*23 


Constituents 
insoluble   in 
hydrochloric 
acid. 


'  Silica        15*92 

Alumina 3*08 

Oxide  of  iron 1*40 

Potash     o*55 

Soda        0*82 


Total  constituents  insoluble  in  hydrochloric  acid     21*77 

The  quantity  of  the  insoluble  constituents  amounts  only  to  21*77  per  cent,  while  most 
xnarls  contain  much  more  clay ;  in  practice,  however,  the  clay  is  increased  to  25  to  30  per 
cent.  The  Euf stein  marl  differs,  too,  in  the  chemical  composition  of  the  clay,  and  as 
as  is  known,  the  constitution  of  the  clay  greatly  affects  the  qualities  of  the  cements.  A 
oomparison  of  the  two  clays  will  therefore  possess  interest.     In  100  parts  of  silica  : — 

Clay  from  Clay  from 

Eufstein  marl.      Medway  mud. 

Alumina      i9*34  17*0 

Oxide  of  iron 8*79  2i*6 

Potash         3*45  2*8 

Soda 5*15  3'0 

•  ^^^^^  ___^.^_ 

36*73  44*4 

These  analyses  show,  that  with  the  clay  of  the  Eufstein  marl,  a  large  quantity  of 
important  bases  enter  into  combination,  more  than  possessed  by  the  clay  of  the  Medway 
mud.  Therefore  the  clay  of  this  marl  may  be  more  readily  smelted  in  a  small  fire.  The 
small  quantity  of  magnesia  contained  in  the  Eufstein  Portland  cement  probably  is 
productive  of  good  effect ;  all  good  hydraulic  cements  contain  but  little  magnesia." 

The  mention  of  concrete,  so  largely  used  in  England  where ^a  good  weathering  mortar  is 
required,  must  be  included  in  that  of  cements.  Concrete  is  a  mixture  of  ordinary  mortar 
with  stones,  grit,  broken  brick,  tiles,  <&c.  To  the  concrete  is  generally  added  lime,  and 
then  the  whole  mixed  with  two  to  three  times  the  quantity  of  fine  sand.  Pasley  tells  us  that 
a  better  product  may  be  obtained  with  i  part  of  freshly  burnt  lime,  in  pieces  not  larger  than 
the  fist,  3i  parts  of  sharp  river-sand,  and  1*5  parts  of  water,  the  whole  being  well 
mixed.  The  bricklayer  prefers  to  mix  the  dry  materials  and  then  add  water,  the  concrete 
in  this  manner  taking  a  longer  time  to  harden,  and  admitting  of  greater  care  being  taken 
to  fill  all  interstices.  The  several  uses  of  concrete  are  too  well  known  to  need  mention. 
The  employment  of  unslaked  lime  in  the  preparation  of  concrete  was  first  introduced  by 
Mr.  Smirke,  of  London,  to  whom  also  its  employment  as  a  foundation  to  brickwork 
is  mainly  due. 

^?£Su?mJ?u?I  '^^^  hardening  of  hydraulic  mortars  has  often  been  the  subject  of 
investigation.  Two  views  may  be  taken:  first,  the  mere  setting,  the  congealing  of 
the  mass  from  a  fluid  state  to  a  moderate  degree  of  hardness ;  and  then  the  hardening 
to  a  stony  state.  The  knowledge  we  possess  of  the  setting  of  these  mortars  is  chiefly 
due  to  the  experiments  of  Von  Fuchs,  Von  Pettenkofer,  Winkler,  Feichtinger, 
Heldt,  Lieven,  Schulat-Schenko,  Ad.  Remete,  Heereen,  W.  Michaelis,  and  Von 
Schcenaich-Carolath.  The  cements  when  thus  considered  are  best  divided  in  two 
classes  : — The  first  class,  of  which  Roman  cement  is  the  type,  embraces  the  mixture 
of  caustic  lime  with  pozzuolane,  ptilverised  tile,  and  brick,  and  such  hydraulic  mortar 
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as  is  obtained  by  bnming  hydraulic  lime  and  marl.  All  the  cements  contain  caustic 
lime  unacted  upon.  The  second  class  comprehends  Portland  cements,  containing  no 
fresh  caustic  lime.  M.  Von  Fuchs  has  explained  tlie  chemical  actions  taking  place 
during  the  hardening  of  Boman  cements  as  being  principally  tlie  combination  of  the 
lime  with  silicic  acid,  the  combination  giving  rise  to  the  peculiar  property  of 
hydraulic  mortars.  He  draws  this  conclusion  partly  from  the  fact  that  from  aU 
hydraulic  mortars  the  silica  can  be  thrown  down  as  an  insoluble  gelatinous  mass  by 
the  action  of  carbonic  acid. 

A  similar  gelatinous  mass  results  from  the  combination  of  silicic  acid  and  lime. 
Silicates  do  not  yield  when  treated  with  hydrochloric  acid  alone,  gelatinous  silica, 
but  attain  this  property  when  subjected  for  a  length  of  time  to  the  influence  of  lime 
under  water ;  the  water  also  dissolves  out  the  alkalies.  Kulilmaim,  whp  has  long  been 
employed  in  the  study  of  tlie  chemistry  of  hydraulic  cements  and  artificial  stones, 
states  that  lime  can  be  rendered  hydraulic  by  the  intimate  mixture  of  lo  to  12  per 
cent  of  an  alkaline  silicate,  or  by  treating  with  a  water-glass  solution.  Collecting  the 
results  of  tliese  experiments,  the  setting  of  Boman  cement  appears  due  to  tlie  com- 
bination of  acid  sQicates  or  silica  with  burnt  lime,  forming  a  hydrated  silicate  of 
lime  intermixed  with  the  alumina  and  oxide  of  iron. 

The  hardening  of  Portland  cements  has  been  investigated  by  "Winkler  and  Feich- 
tiAger.    According  to  the  former,  the  chemical  action,  wliich  is  effected  under  the 
co-operation  of  the  water,  consists  of  the  separation  of  the  silicates  into  free  lime  and 
combinations  between  the  silica  and  tlie  calcium,  the  alumina  and  tlie  calcium.    The 
separated  lime  combines  with  the  carbonic  acid  in  the  air  to  form  carbonate  of  lime. 
The  hardened  Portland  cement  contains  the  same  combinations  as  hardened  Roman 
cement ;  these  combinations  are  formed,  however,  under  the  influence  of  water  on 
opposed  conditions.     From  tlie  results  of  Winkler's  experiments,  it  would  apjjcar 
that  the  silicic  acid  in  the  Portland  cements  can  be  represented  by  alumina  and 
oxide    of    iron.      Alumina    does    not   aflect  tlie  hardness,    but  may    lessen  the 
capability  of  the  cement  to  withstand  the  action  of  carbonic  acid.     During  the 
hardening  the  influence  of  the  water  separates  tlie  lime,  till  finally  the  combinations 
CajSisOg  and  CaiVla04  remain,  the  latter  beuig  gradually  decomposed  by  carbonic 
acid,  remaining,  however,  so  long  as  there  is  any  hydrate  of  lime  in  the  cement. 
G.  Feichtinger  maintains  a  theory  diflering  from  that  of  Winkler.    His  experiments 
lead  him  to  the  opinion  that  in  all  hydraulic  mortars  tlie  hardening  depends  upon  the 
chemical  combination  between  lime  and  tlie  sUica,  and  between  lime  and  tlie  silicates 
contained  in  the  cement.     In  all  hydraulic  cements  free  lime  is  contained ;  and  upon 
this  fact  we  may  base  the  following  experiments.    When  Portland  cement  is  brought 
to  a  pulp  with  a  concentrated  solution  of  carbonate  of  ammonia,  and  stirred  for  a  long 
time,  no  hardening  is  traced,  tlie  greater  part  of  the  lime  forming  carbonate  of  lime. 
Then  let  the  excess  of  carbonate  of  ammonia  be  washed  away,  the  cement  dried, 
and  made  into  a  mortar  witli  pure  water.     This  mortar  will  not  harden  unless  some 
hydroxide  of  lime  be  added,  when  it  hardens  similarly  to  fresh  mortar.    The  same 
result  may  be  obtained  by  substituting  a  stream  of  carbonic  acid  gas  for  the  carbonate 
of  ammonia;   by  tliis  means  27  per  cent  of  carbonate  of  lime  may  be  obtained. 
■Consequently  the  views  of  Winkler  must  be  regarded  as  the  most  correct.     These 
experiments  also  show  tliat  in  Portland  cements  silicates  or  free  silica  are  contained; 
that,  further,  free  lime  does  and  must  exist.     Portland  cement  will  not  take  a  glaze, 
and  can  only  be  so  far  aflected  by  burning  as  to  cause  the  sintering  of  the  clay  con- 
tained in  the  cement. 
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Gypsum  and  its  Prkparation. 

oocnnence.       Gypsum  is  a  lijdrated  sulpliate  of  calcium  according  to  the  formula 
CttS04-|-2H20.     ICO  parts  contain : — 

Lime      32*56 

Sulphur i8'6o]c!  i  i      •        -i  /- 

Oxygen    ^^.g,  |  Sulphuric  acid     46-51 

Water    20'93 

*  lOOOO 

It  belongs  to  the  commonly  occurring  class  of  minerals,  and  is  found  alone  or  with 
anhydrite  (karsteuite,  CaS04)  in  strata  chiefly  of  the  tertiary  formation.  The 
following  kinds  are  distinguished: — i.  G^^psum  spar,  foliated  gj'psum,  glass-stone, 
isinglass-stone,  or  sclenite,  possessing  a  very  perfect  cleavage,  and  allowing  fine 
laminse  to  be  separated.  2.  Fibrous  gypsum,  or  satin  spar.  3.  Froth-stone,  a  scaly 
crystalline  gypsum.  4.  Granular  gypsum,  or  alabaster,  of  coarse  or  fine-grained 
texure.  5.  Gypsum  sUme,  plaster  stone,  or  heavy  stone,  a  laminated  gypsum. 
6.  Earthy  gypsum,  or  plaster  earth. 

Nature  of  oypsum.  Gj'psum  is  soluble  in  445  parts  of  water  at  14*'  C,  and  in  420  parts 
at  205°  C;  the  solubility  is  increased  by  the  addition  of  sal-ammoniac.  Its 
behaviour  under  the  influence  of  heat  is  important.  Graham  states  that  gypsum 
placed  in  a  vacuum  over  sulpliuric  acid  and  heated  to  icx)°  C.  loses  half  its  water, 
forming  the  combination  CaS04-f-H20,  with  128  per  cent  water.  According  to 
Zeidler,  the  statement  that  this  combination  does  not  harden  with  water  is  incorrect. 
By  heating  to  90°  for  some  time  15  per  cent  of  the  water  may  be  expelled ;  at  170°, 
according  to  the  experiments  of  Zeidler,  all  the  water  will  be  given  off.  But  of 
more  importance  are  the  experiments  not  carried  on  in  vacuo.  In  the  air  gypsum 
begins  to  lose  its  water  at  100",  and  the  loss  is  not  complete  under  132".  Gypsum 
from  wliich  all  the  water  has  been  removed  is  termed  burnt  gypsum,  or  spar-lime ; 
it  has  the  property  of  re-forming  with  water  the  same  hydrate,  then  becoming 
liardened.  Advantage  is  taken  of  this  property  in  tlie  application  of  gypsum  as  a 
mortar.  According  to  Zeidler,  gypsum  as  technicsdly  employed  in  stucco-work,  &c. 
is  not  anhydrous,  but  contains  5  27  per  cent  water.  If  gypsum  is  **  over-burnt,"  that 
is,  heated  above  204°,  it  loses  the  property  of  hardening  with  water,  probably  owing 
to  the  fact  of  its  being  converted  into  anhydrite,  which  does  not  re-form  with  water. 
The  water  of  crystallisation  of  the  gypsum  is  saline,  and  consequently  can  be 
removed  by  the  addition  of  salts  ;  this  probably  accounts  for  the  hardening  of  unbumt 
gypsum  when  treated  with  a  dilute  solution  of  sulphate  or  carbonate  of  potash,  &c. 
The  hardening  in  this  follows  more  quickly  than  with  burnt  gypsum  and  pure 
water.  With  sulphate  of  potash  a  double  salt  is  formed  according  to  tlie  formula 
(K3S04-f-CaS04-|-H20)  ;  gypsum  and  bitartrate  of  potash  gives  rise  to  tartar  and 
crystalline  gy'psjom.  Clilorate  and  nitrate  of  potash,  as  well  as  sodium  salts,  do  not 
effect  the  hardening  of  powdered  gypsum.  Gypsum  thus  hardened,  if  re-powdered 
and  again  treated  with  sulphate  or  carbonate  of  potash  solution,  hardens  once  more. 
Technical  use  is  made  of  this  property  in  re-hardening  old  or  in  hardening  gypsum 
not  sufficiently  burnt,  by  employing  instead  of  water  a  solution  of  carbonate  of  potash. 

TiM  Boxning  of  oypnun.      Gypsum  Is  bumt  to  effect  tlie  removal  of  the  water.    Lately 
many  improvements  have  been  made  in  the  methods  of  burning,  it  having  been  found 
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that  the  good  qualities  of  the  gjpsum  nminlj  depend  npon  ths  prepsratioii.  There 
is,  however,  a  choice  in  the  stone  to  be  burnt,  the  heKvier  anil  deoser  varietieH  of 
gypsum  yielding  the  beat  commercial  article. 

Payen,  by  experimenting  with  large  quantities  of  gypanin,  obtained  the  following 
results : — (a.)  The  lowest  temperature  at  which  the  gypsum  can  be  burnt  with  ad- 
vantage  ia  So°  C,  a  long  time  even  then  being  required.  (£.)  A  temperature  of* 
no" — 130°  yields  the  best  technical  preparation,  (c,)  lo  order  that  the  burning  may 
take  place  equally,  the  gypsum  should  be  first  reduced  to  powder  or  small  pieces. 
The  aim,  of  conrse,  is  in  all  caaea  to  obtain  a  amalt  homogeneous  product  rather  than 
a  large  quantity  unequally  burnt.  Small  quantitiea  of  gypaum  may  be  burnt  in  an  , 
iron  vessel  over  a  coal  fire  ;  the  operation  should  be  continued  till  no  aqueous  vapour 
is  condensed  on  a  cold  glass  plate. 

Kitau. «  Buniiii  onni.  In  lai^e  quantities  gypaum  is  burnt  in  an  oven  or  kiln,  the  one 
necessary  precaution  being  tn  avoid  arranging  the  layers  of  gypaum  with  such  fuel 
as  vrill  reduce  the  gypsum  to  anlphuret  of  lime  (CaS04+4C=CaS+4CO). 


Fio.  183. 


A  veiy  simple  and  very  general 
construction  of  kiln  is  shown  in 
Fig.  183.  It  consists  of  walls  of 
strong  masonry,  A,  spanned  by  a  flat 
arch,  ventilated  at  a  ct  n.  In  this 
room  is  placed  the  gypaum  only,  the 
fire  being  Ugbted  in  a  series  of  small 
chambers  in  the  lower  part  of  the 
room ;  brushwood  is  the  best  foel. 
6  is  a  door  through  which  the  ma- 
terial is  introduced.  The  oven 
(Fig.  184)  used  by  M.  Scauegat^  is 
very  aimilar.  Tlie  inner  room  is 
divided  nncqually  by  an  arch,  p, 
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about  I  foot  fromtlie  floor;  iiitotho  upper  part  the  gypsum  is  introduced  through  the 
door  Q.  The  under  part  or  lirc-rooni  is  in  connection  with  a  flue,  E,  of  a  fumace,  a  a, 
the  flames  from  which,  driven  bv  the  draught  from  the  gallery  c,  are  carried  through 
X  to  play  upon  the  aroli  p,  tlie  hot  air  and  gasea  passing  through  ecc  into  tlie  upper 
room.     The  aqueous  vapour  esoapesi  through  h. 


L.  bIiowu  u 


Fio,  185, 


Lately  Damcsnil's  oTei 
phui  at  Fig.  185,  ftnd 
Fig.  1S6,  has  been  muoh  employed. 
It  Homewbat  resembles  Scanegatty's 
oven  in  cuastrucliuii,  aud  consists  of 
au  Duder  fire-toom  aud  an  upper 
room  or  oven  in  which  the  gypsum 
ia  burnt.  The  fire-room  contaius  an 
ash-pit,  A,  with  a  door,  b,  a  grate  01 
grid,  c,  aud  the  hearth,  D.  A  draught,  j-, 
B,  assiets  the  cumbnstiou.  The  hot 
aij  and  gases  paaa  by  the  flaes,  E.  to 
the  chamber,  r.  The  walls  of  tbe 
oven,  J,  K,  L,  are  of  nolid  masonry. 
I  is  a  depth,  furnished  with  a  atsir- 
case,  g  h,  to  facilitate  access  to  the 
fnruace.  i,  the  chimney,  ia  of  iron 
plate,  with  a  clack,  u,  which  can  be 
regulated  by  the  chain  Dn.  00  are 
ventilating  pipes.  In  the  wall  of  the 
boming^room  are  two  openings  ;  one^ 
K,  through  which  admittance  to  the 
interior  ia  gained  to  place  tbe  lower 
layers  of  g^fanm ;  the  other,  h,  for 
the  upper  layers  of  gypsum :  both  are 
closed  by  doors  of  iron  plate.  An 
equal  heat  is  necessary  in  the  burning- 
room,  and  ia  maintained  by  the  pe- 
culiar anangemeut  ol  the  chamber  p. 
This  chamber,  closed  at  Oie  top  by  the 
dap,  o,  in  provided  with  twelve  open- 
ings, each  07  metre  high,  the  chamber 
itself  being  1  metre  in  diameter.  The 
channels  thus  commenced  by  the 
openings  in  i  are  continued  to  the 
iralls  of  the  room  by  the  arrangement 
of  large  blocks  of  gypsum.  The  layers 
ot  gypsum,  K.  s.  t,  are  placed  crosa- 
wise  alternately  with  intermediate 
layers,  so  as  to  facilitate  the  draught 
in  every  possible  way-  The  firing  is 
oontiuned  geutly  tor  four  hours,  then  strengthened  for  eight  boura,  when  all  tbe  opening! 
are  closed,  and  Qve  to  six  cobic  metres  of  coarse  gypsum  powder  spread  equallj'  over  the 
top  of  the  burning  gypt^um.  By  this  means  the  quantity  of  burnt  gypsum  is  increased 
without  a  further  expenditure  of  fuel.  After  standing  twelve  hoora  in  the  oven  to  cool 
the  whole  contents  are  removed- 

iMDdiiif  uu  ojjmm.  AStcT  the  bumlng  the  gypsum  is  to  a  certain  extent  in  powder, 
but  if  not  sufficiently  even  it  has  to  be  ground.  Tlie  usual  modes  of  grinding  are  in 
a  stamp  or  roller  mill-  After  grinding  the  gypsum  is  sifted,  and  placed  in  some 
position  where  damp  cannot  affect  it.  Sometimes  the  grinding  and  silting  are  con- 
docted  in  one  apparatus ;  generally  the  mill  and  iieves  are  separate. 

DMofaniKiiii.  Gj-psum  is  employed  industrially  in  very  many  ways.  It  is  some- 
times used  unbumt  in  hnilding ;  it  is  then  difflcnlt  to  manipulate  with  water,  but 
becomes  soluble  by  continued  moistening.  The  heavy  and  fast  fine-grained  gypsum, 
especially  the  white  powdered  gypsum,  is  used  ii  building  for  architectand  purposes. 
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From  the  alabaster  of  Voltena,  Florence  vases  were  fabricated  of  great  beauty :  the 
same  material  is  used  for  making  lloman  pearls.  The  clear  varieties  of  gypsum  are 
used  in  tlie  manufacture  of  cheap  jewellery,  being  groiuid  and  polished.  The  fibrous 
gjrpsum  is  sometimes  used  for  writing  sand,  as  a  substitute  for  pounce,  &c.  Fine 
gypsimi  powder  is  an  ingredient  of  porcelain  manufacture.  Unbumt  gypsum  finds 
further  application  in  the  conversion  of  carbonate  of  ammonia  into  sulphate.  Gypsum 
contains  465  per  cent  sulx)huric  acid  and  186  per  cent  sulphur.  It  is  largely  em- 
ployed in  agriculture  as  a  manure,  both  burnt  and  unbumt.  It  is  generally  received 
that  the  favourable  action  of  the  gypsimi  upon  vegetation  is  due  to  the  absorbed 
ammonia  which  is  again  yielded  up. 

Putridity  gives  rise  to  the  formation  of  carbonic  acid,  which  combines  with  the 
lime  of  the  g^'psom,  leaving  carbonate  of  lime  and  sulphate  of  ammonia.  This 
explanation  of  the  efiicacy  of  gypsmu-dunging,  as  it  is  termed,  is,  however,  insufficient. 
The  investigations  of  Mayer  have  shown  that  in  clayey  soils  the  oxide  of  iron,  <&c.,  affords 
larger  and  better  combinations  with  ammonia  than  the  gypsum.  The  quantity  of  gypsum 
used  is  generally  about  5  owts.  to  the  acre,  containing  and  reaUsing  at  the  most  a^^^  cwts. 
of  carbonate  of  ammonia.    Mayer's  researches,  however,  show  that  in  on  acre  of 

Field  land       . .       . .       227  cwts., 
Chalky  soil     . .       . .       158  cwts., 

of  anmionia  were  contained.  According  to  Liebig's  late  researches  (1863)  it  appeilrs  that 
the  gypsum  gives  up  to  the  earth  a  portion  of  its  lime  in  exchange  for  magnesia  and  pot- 
ash. But  it  must  be  borne  in  mind  that  pulverised  gypsum,  as  well  as  unburut  gypsum, 
when  brought  into  contact  with  a  solution  of  potash,  sets  into  a  difficultly  soluble  mass. 
We  must,  then,  wait  for  an  adequate  theory  until  the  several  reactions  have  been  more 
closely  studied. 

Qypitun  Caste.  The  employment  of  gypsum  in  casting,  and  in  all  cases  where  im- 
pressions are  required,  is  very  extensive.  A  thin  pulp  of  i  part  gypsum  and  2i  parts 
water  is  made:  this  pulp  hardens  by  standing,  forming  (CaS04+2H20).  The 
hardening  of  good,  well-burnt  gypsimi  is  effected  in  one  to  two  minutes,  and  more 
quickly  in  a  moderate  heat.  Models  are  made  in  this  substance  for  galvano-plastic 
purposes,  for  metallic  castings,  and  for  ground  works  in  porcelain  manufacture.  The 
object  from  which  the  cast  is  to  be  taken  is  first  well  oiled,  to  prevent  the  adhesion 
of  the  gypsum.  Where  greater  hardness  is  required  a  small  quantity  of  lime  is 
added :  this  addition  gives  a  very  marble-like  appeaiance,  and  the  mixture  is  much 
employed  in  architecture,  being  then  known  as  gj'psum-marble  or  stucco.  The  gyp- 
sum is  generally  mixed  \(ith  lime-water,  to  which  sometimes  a  solution  of  sulphate 
of  zinc  is  added.  After  drying,  the  surface  is  rubbed  down  with  pumice-stone, 
coloured  to  represent  marble,  and  polished  with  Tripoli  and  olive-oil.  Artificial 
scaliogla  work  is  largely  composed  of  gypsum.  Gypsum  is  also  largely  employed  in 
the  manufacture  of  paper. 

Hmniening  of  oypsazn.  There  are  scvcral  methods  of  hardening  gypsum.  One  of  the 
oldest  consists  in  mixing  the  burnt  gypsum  ^-ith  lime-water  or  a  solution  of  gum- 
arabic.  Another,  yielding  very  good  results,  is  to  mix  the  gypsum  with  a  solution 
of  20  ounces  Of  alum  in  6  pounds  of  water :  this  plaster  hardens  completely  in  15  to 
30  minutes,  and  is  largely  used  under  the  name  of  maible  cement.  Parian  cement 
is  gjrpsum  hardened  by  means  of  borax,  i  pai-t  of  borax  being  dissolved  in  9  parts  of 
water,  and  the  gypsum  treated  with  the  solution.  Still  better  results  are  obtained  by 
the  addition  to  this  solution  of  i  part  of  cream  of  tartar. 

The  hardening  of  gypsum  with  a  water-glass  solution  is  found  difficult,  and  no 
better  results  are  obtained  than  with  ordinary  gypsum.  Fissot  obtains  artificial 
stone  from  gypsum  by  burning  and  immersions  in  water,  first  for  half  a  minute,  after 
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which  it  is  exposed  to  the  air,  and  again  for  two  to  three  minutes,  when  the  Uook 
appears  as  a  hardened  stone.  It  would  seem  from  this  method  that  the  augmentation 
in  hardness  is  due  to  a  new  crystallisation.  Hardened  gypsum,  treated  with  stearic 
acid  or  with  paraffine,  and  polished,  much  resemblesjneerschaum :  the  resemblance 
may  be  increased  by  a  colouring  solution  of  gamboge  and  dragon's  blood,  to  impart 
a  faint  red-yellow  tint.  The  cheap  artificial  meerschaum  pipes  are  manufactured  by 
this  method. 
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VEGETABLE   FIBRES   AND  THEIB  TECHNICAL  APPUCATION. 


The  Technology  of  Vegetable  Fibre. 
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Vegetable  fibre  or  cellulose,  C6H10O5,  is  the  fundamental  constituent  of  the  structure 
of  plants,  forming  a  large  proportion  of  the  solid  of  every  vegetable.  The  fibres  of 
the  hemp-plant,  the  nettle,  and  the  cotton-plant  are  long  and  fliifly,  and  are  techni- 
cally termed  spinning  fibres.  These  and  similar  fibres  are  employed  in  fabricating 
woven  tissues,  paper,  &c.  Treated  with  sulphuric  acid,  cellulose  is  converted  into 
dextrose  or  glucose.  The  pure  cellulose  constituents  of  wood,  cotton,  flax,  and  paper 
are  nearly  equal,  as  shown  by  the  following  analyses : — 

Material  of  Cells.  Wood. 

Carbon    43*87 

Hydrogen       ./.     ...  623 

Oxygen 49'90 

lOOOO 

The  vegetable  fibre  for  use  in  spinning  must  be  firm,  pliable,  easily  divided,  and 
capable  of  withstanding  bleaching  operations,  if  required. 

Flax. 

Flu.  The  flax  used  in  spinning  is  the  fibre  of  the  flax-plant,  Linum  usitatusimum, 
a  plant  of  the  class  Pentandrise,  order  Pentagynise,  in  the  system  of  Linnaeus,  and 
the  type  of  the  order  Linacese  in  the  natural  system  of  Botany.  The  flax  is  gathered* 
tied  in  bunches,  and  dried  in  the  fields.  After  drying  the  plant  is  combed  with  an 
iron  or  flax  comb,  to  separate  the  seeds,  and  is  then  bound  in  thick  bunches.  The 
flax  fibre  used  in  linen  fabrication  lies  under  the  bark  of  the  plant,  and  is  surrounded 
by  a  gummy  substance,  or  pectose  according  to  J.  Kolb,  which  must  be  removed  by 
mechanical  means  to  fit  the  fibre  for  industrial  purposes.  This  is  done  by  "  softening  " 
or  "  rottening,"  by  which,  according  to  Kolb,  pectin-fermentation  is  set  up,  and  tlie 
pectin  converted  into  pectic  acid.  The  flax  is  kept  under  water  until  the  impurities 
float  on  the  surface,  leaving  the  fibre  intact :  this  is  the  soaking  method.  Another 
method,  dew-softening,  as  it  is  termed,  consists  in  spreading  out  the  flax  in  layers  to 
the  influence  of  the  atmosphere,  water  being  occasionally  thrown  over  the  flax. 
Both  these  methods  are  unsound,  as  the  flax  is  liable  to  become  rotten,  while  the 
impurities  are  not  thoroughly  removed. 
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Hot-wmur  ci«uadnR.  After  many  experiments  with  different  chemical  substances,  an 
alkaline  bath  and  dilate  sulphuric  acid  have  been  found  the  best  agents  to  effect  the 
separation.  The  flax  is  placed  in  large  vessels  of  water  heated  to  25 — 30°  by  steam : 
after  standing  60  or  90  hours  the  operation  is  complete.  This  mode  of  treatment, 
aided  by  an  alkaline  or  acid  solution,  yields  the  best  results,  the  value  of  the  process 
being — i.  That  the  construction  of  the  fibre  is  equally  affected,  rendering  the  article 
better  suited  for  manufacture.  2.  That  the  fibre  does  not  lose  weight  as  in  the  other 
methods,  where  10  per  cent  is  sometimes  lost.  3.  That  there  is  a  considerable  saving 
in  expense. 

The  retted  flax,  as  it  is  techni-  Fio.  187. 

cally  termed,  consists  of  cellulose 
and  pectic  acid.    The  next  process  B 

is  termed  scutching^  and  includes 
the  separating  of  the  fibre  from  the 
woody  structure  of  the  stem.  The 
machine  for  this  purpose  is  shown 
in  Fig.  187.  It  consists  of  two 
partd ;  the  upper,  b,  is  of  wood,  in 
the  form  of  two  splints,  working  on 
hinges.  "Wooden  knives  are  placed 
under  the  splints,  and  are  arranged  to  act  upon  the  fibre  placed  in  a  by  pressure 
upon  the  handle  c. 

Beating  or  BattisR  the  Flax.  Scutchlng  consists  in  two  operations — ^bruising 
the  flax  and  beating  away  the  woody  parts  from  the  fibre.  For  the 
latter  operation  the  Belgian  batting-hammer.  Figs.  188  and  189,  is 
generally  nsed.  It  is  a  deeply  grooved  wooden  block,  famished  with  a 
long  carved  handle.  The  sheaf  of  flax  is  laid  on  the  ground,  untied, 
and  spread  oat,  and  is  beaten  with  the  hammer  by  the  workman.  If  the  flax  is  not  suffi- 
ciently loosened  by  batting,  it  is  submitted  to  the  swiaging-blook,  Fig.  190,  having  a  cut 


Fio.  188. 


Fig.  189. 


Fio.  190. 


Fio.  191. 


Fio.  192. 


at  three-fourths  of  its  height  serving  to  hold  about  a  handful  of  flax.  This  flax  is  then 
beaten  with  the  scutoh-blade,  Fig.  191,  a  piece  of  hard,  tough  wood,  generally  walnut- 
wood.    Instead  of  the  swingiDg-block  a  grinding-knife,  Fig.  192,  is  sometimes  used  on  an 
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iron  block.  This  knife  is  formed  of  a  thin  blade,  o,  and  a  heavy  wooden  handle,  p.  A 
bonoh  of  flax  is  held  in  the  left  hand,  at  an  angle  for  the  easy  use  of  knife  with  whioh 
the  flax  is  beaten.  Notwithstanding  these  clarifying  processes  the  bark  still  adheres  to 
the  flax,  which  has  to  undergo  a  further  operation,  that  of  combing. 

Combing  the  Fbuc  The  combing  or  hackling  of  the  flax  removes  all  the  material  detrimental 
to  the  ultimate  spinning  of  the  fibres,  and  also  equalises  their  length,  rendering  them 
smooth  and  parallel.  The  combs  are  made  of  zinc  or  sleel,  and  are  of  varying  degrees 
of  fineness,  the  process  commencing  with  a  coarse  comb  and  finishing  with  a  fine  one. 

Tow.  or  Tangled  Fibre.  HowcTcr  carefully  the  operation  of  scutching  may  be  performed, 
there  is  always  a  certain  amount  of  waste  resulting  from  the  entanglement  of  the  fibre, 
and  this  waste  is  termed  scutching-tow  or  cedilla.  It  is  used  in  the  manufacture  of  ropes, 
and  for  similar  inferior  purposes.  The  flax  fibre,  before  it  is  fitted  for  spinning,  has  to 
be  boiled  in  an  alkaline  ley,  to  remove  the  dirt  and  grease. 

loo  kilos,  of  cleansed  flax  weigh  after 

Bruising       45 — ^48  kilos. 

Scutching 15—25     »» 

Combing      10    „ 

FUx  Spinning.  The  Spinning  of  the  combed  flax  into  yam  is  effected  by  hand  and 
by  machinery.  The  combed  flax  is  first  placed  in  bands  of  equal  thickness,  and 
then  stretched.  The  hand-spinning  wheel  is  universally  known.  The  mechanical 
spinning  consists  in — i.  Placing  the  fibres  in  a  parallel  series  of  equal  thickness 
and  length  throughout.  2.  These  bands  are  stretched,  the  finer  the  fabric  to  be 
woven  the  greater  being  tlie  stretching  required.  3.  By  farther  stretching  and 
twisting  cord  is  spun.  4.  The  fine  cord  is  still  further  stretched  and  twisted.  Tow, 
or  codilla,  is  spun  similarly  to  tlie  flax,  being  previously  combed  and  placed  in  bands 
of  equal  length.  Flax  yam  is  either  used  unbleached  or  is  bleached  before 
spinning.    Linen  thread  is  obtained  by  twisting  several  cords  together. 

WMTing  the  Linen  Threada.  By  Weaving  the  cords  parallel  to  each  other,  chain  cords  are 
spun.    Webbing,  wrappers,  and  thick  fabrics  are  made  in  this  way. 

Linen.  Linen  is  produced  by  weaving  the  twisted  cord.  The  selvage  is  made  by 
the  return  of  the  shuttle  on  each  side  of  the  fabric.  For  coloured  fabrics 
coloured  tlireads  are  used  instead  of  white,  only  more  shuttles  are  required,  one 
shuttle  to  each  colour.  Linen  damask  is  woven  in  various  patterns,  as  well  as  drill, 
the  difference  being  that  tlie  woof  forms  the  pattern  on  drill,  while  chain-cord  is 
used  for  that  of  damask.  Batiste  is  a  fine  linen  cloth,  slightly  thinner  than 
cambric. 

Hemp. 

Hemp.  Hemp  {Cannnbis  sativa),  is  chiefly  cultivated  for  the  fibre  of  its  inner  bark. 
This  fibre,  although  rough,  is  very  hard  and  firm,  and  better  adapted  for  the  manufacture 
of  sail-cloth,  canvas,  rigging,  drc,  than  any  other.  Its  uses  for  inferior  domestic  pur- 
poses are  manifold.  The  working  of  the  hemp  stalk  accords  essentially  with  that  of 
flax,  being  steeped  in  water,  dried  and  crushed  in  a  hemp  mill.  By  the  old  method 
the  husk  is  crushed  under  a  large  stone  cone.  Fig.  193,  moving  in  a  circular  course  around 
a  vertical  axis.  The  construction  of  the  new  hemp  mill,  Fig.  194,  is  more  advantageous. 
The  hemp  is  purified  by  winnowing  and  afterwards  combing.  It  is  difficult  to  spin 
on  account  of  its  length,  and  is  woven  in  two  or  three  parts.  Of  late  various  foreign  fibres 
have  been  used  as  sub.^titutes,  principally  the  following : — 

lu  snbttitntea.       a.  Stalk  Fibre, 

I.  Chinese  grass  (Chinagras  T^c/itiwki),  a  fibre  from  Vrtica  ».  Boehmerianivea  and  httero- 
phylla,  which  is  cultivated  in  China  and  the  East  Indies,  Mexico,  the  Valley  of  the  Mis- 
sJHsippi,  Cuba,  the  Waldenses  in  Russia,  the  South  of  Franco,  and  in  Algiers.  The 
Chinese  method  of  treating  the  fibre  is  remarkable.  The  fibre  is  not  spun,  but  cut  into 
appropriately  small  pieces,  these  being  placed  end  to  end,  and  rolled  by  the  hand  until  joined 
together.    The  fibre  is  thus  rolled  quite  smooUi  and  does  not  require  pressing.    It  forms 
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a  beantifnl  teitnrs  of  sinpito  brightness,  called  gntn  linen,  or  China  gnm  cloth.    The 
— w  material  is  of  a  green  or  brown  oolonr,  bnt  when  bleached,  can  bo  dyed  any  coloni. 

MoMio   rr-cvn  .  j;„;^-      The  interior  fibrous  pith  anppliea  the  material 


1.  The  Great  Nettle,  Urtiea.  i __, 

for  nettle^clotb  and  maalin. 

3-  Bamie  homp,  from  Vrtica  i.  Boehmeria  u 


^    fj  —  - — ,  -^  of  the  nettle  ppeoies,  and  a  native 

of  Borneo,  Java,  Sumatra,  and  other  islands  of  the  Indian  Archipelago.  01  late  varioua 
Biperiments  as  to  its  mode  of  mannfaotore  have  been  tried  in  Germany.  It  is  from 
one  to  two  metres  in  length,  of  a  deliaate  golden  white,  and  not  so  bright  and  »ti2  oi 

I  f.  Rhea  Unaeutima,  is  a  native  of  the  East  Indies,  of  little 


S-  Jnte  (paut  hemp),  is  obtained  from  a  lime  trse,  a  native  of  the  East  Indies  and 
China,  Vorchvraa  capsiitarit,  C.  tctlilit,  C.  olitiiriia,  C.  litiquoiu.  The  fibre  for  spinning 
is  brown,  and  in  England  is  nsed  for  sackcloth  and  coarse  packing  thread.  It  is  not  a 
material  adapted  for  porpoaei  of  nantioal  appUeation,  ae  it  has  not  eafficiont  firmness  to 
withstand  water. 

6.  Bombay  Hemp,  from  f/ibiMUJcannafciiiiM.  Thewoodyfibreof  this  plant  is  roasted 
and  separated  by  means  of  beating.    In  England  it  is  use  for  cordsge,  rigging.  &c. 

7-  Snn  Hemp.  Japan,  or  East  Indian  Hemp,  from  CroUilaria  jvncea,  resembles  other 
beaip  in  the  length  and  firmness  of  its  fibre. 
;3.  Lfaf  Fibre. 

S.  New  Zealand  Flaxes  {Phormium  t^niir),  are  used  in  their  native  country  for 
■rtioles  of  domestic  nae.  The  leaf  is  Btraight,  the  fibre  toogh,  and  of  a  shining  white. 
The  prepared  material  is  similar  to  ordinary  homp  in  ronghness  and  stiffness. 

9.  Aloe  Hemp  is  a  native  of  Fern,  the  East  and  West  Indies,  and  Meiico.  A. 
Ameri^aaa,  A.  Vinipara,  A.  Faetida,  Ac,  where  the  leaf  is  cultivated  for  its  fibre,  which  is 
generally  a  yellow-white,  and  nsed  for  rope  making. 

10.  Manilla  Hemp  (Feather  Fibre),  cornea  from  Jfuoa  lextilit,  il.  troglodutanm,  and 
M.  paraduiaea,  a  native  of  the  East  Indies  and  many  Islands  of  the  Indian  Archipetag<i. 
It  u  oommercially  known  as  a  yellow-white  or  brown-yellow  fibre,  from  1*3  to  a'3 
metres  long.  The  inside  hark  is  stripped  oft  from  the  bottom  upwards,  refined,  and 
cM>mbed.  The  white  kind  is  silky  and  bright,  and  is  nsed  in  the  manufaoture  of  ■i"""cl' 
furniture  and  varions  fancy  articles. 

11.  Ananas  Hemp  comes  from  the  West  Indies,  Central  and  Sonth  America,  where 
the  common  Ananas  is  onltivated,  Anartai»a  latiea  t.  Brojnetia  anaaa*,  as  well  as  other 
■pedes.    It  is  rather  inferior  to  some  for  spinning. 

ij.  Pikaba  Hemp  is  from  the  leaf  of  the  Attaliafanifera,  a  Brazilian  palm.  It  is 
osed  in  rope-making. 

13.  Cocoa-nnt  Fibre  is  a  reddish-brown  fibrous  material,  in  which  the  oocoa-nnt  shell 

SOocet  nueifrra)  is  enveloped.    It  is  very  strong  and  elastic,  and  is  used  tor  matting,  ropee, 
iiudles,  &e. 
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Cotton. 

Cotton.  Cotton  is  the  finiit  of  a  shrubby  plant  of  the  species  Ooisypium^  cnltiyated 
in  the  tropics  and  the  Southern  States  of  America  for  manufacturing  purposes.  The 
fruit  consists  of  a  cup-shaped  calyx,  enclosed  in  a  three -cleft  exterior  calyx,  bearing 
a  soft  white  down.  Another  species,  Oossypium  religiosuniy  bears  a  yellow  down, 
used  by  the  Chinese  in  manufacture.  The  down  is  kept  separate  from  the  seed  when 
packed. for  travelling,  to  prevent  its  becoming  oily  and  unfit  for  use.  While  in  a  raw 
state,  it  is  subjected  to  an  operation  termed  ginning  in  a  saw-gin,  to  separate 
the  wool  from  the  seed.  Whitney's  saw-gin  consists  of  1 8  to  20  circular  saw-blades, 
revolving  on  a  horizontal  axis  about  100  times  a  minute.  The  teeth  of  these  saws 
project  through  a  grating,  seize  the  wool  and  pull  it  through,  the  bars  of  the  grating 
being  too  narrow  to  admit  the  seed.  Twenty  saw-blades  will  clean  400  lbs.,  and  80 
saw-blades,  worked  by  a-horse  power.  500  lbs.,  raw  cotton  per  day.  Of  late 
the  carding  cylinder  is  sometimes  used  instead  of  the  saw-gin.  In  America  oil 
is  largely  extracted  from  the  seed,  30  lbs.  yielding  about  one  pound  of  oil.  The 
seed  is  also  used  for  manure. 

8p«ciM  of  csotton.  The  quality  of  cotton  is  decided  by  its  smoothness,  and  distinguished 
by  the  country  from  which  it  is  imported.  The  various  kinds  are : — North  American : 
Sea  Island,  or  Long  Georgia,  Orleans,  Upland,  Louisiana,  Alabama,  Tennessee,  Georgia, 
Virginia.  South  American :  Fernambac,  Bahia.  Columbian  and  Peruvian.  West 
Indian:  Domingo,  Bahama,  Barthelemy.  East  Indian:  Dhollerah,  Surate,  Manilla, 
Madras,  Bengal.  Levant :  Macedonian,  Smyrna.  Egyptian :  Make  or  Jiimel.  Austra- 
lian :  Queensland.    European  :  Spanish  and  Sicilian. 

Cotton  Spinning.      Before  being  spun  into  yam,  the  cotton  has  to  be  subjected  to  the 

following  processes : — 

1.  The  loosening  and  purifying  of  the  raw  cotton  from  the  various  impurities,  such  as 
sand,  grit,  Ac^  is  accomplished  by  beating  with  the  hand,  or  by  the  Wolf  machine, 
by  means  of  a  cylinder,  the  surface  of  which  is  covered  with  sharp  iron  teeth.  The 
Willow  is  similar  to  the  Wolf,  but  it  is  not  furnished  with  such  sharp  teeth.  The  fulling 
or  rolling  machine  (batteur  Haleur)^  and  the  beating  machine  (hatteur  ^lucheur),  are 
both  employed.  The  beating  machine  loosens  the  cotton  that  was  not  quite  openea,  and 
allows  it  to  fall  through  a  grid  beneath. 

The  Fulling  or  RolUng  Machine  {batteur  italtwr). — The  mechanism  of  this  machine  is 
smoother,  and  pulls  in  the  cotton  more  quickly,  working  it  into  fibres  of  the  consistence 
of  fiax,  which  are  drawn  over  the  roller  and  afterwards  carded.  A  new  machine  has  been 
constructed  under  the  name  of  VEpurateuTt  a  step  between  the  beating  and  cleaning 
machine,  which  supplies  advantages  not  met  with  before.  The  Epurateur  is  preferable 
for  the  manufacture  of  wadding. 

2.  The  Combing  or  Carding. — Before  the  cotton  is  placed  in  the  carding  machine,  it  is 
passed  under  a  wooden  roller  to  remove  the  surface  thread  and  other  small  impurities 
which  fall  off.  After  the  rolling  the  fibre  appears  like  a  delicate  flax.  The  next  operation 
is  the  true  carding,  in  which  two  machines  are  used,  the  coarse  comb,  a  revolving  wooden 
drum  covered  with  steel  teeth,  and  the  fine  comb,  which  finishes  the  separation  of  the 
filaments  of  the  fleece.  The  combed  fleece,  when  it  leaves  the  carding  machine,  is  in  the 
form  of  a  loose  ribbon  band.  It  is  now  submitted  to  the  doubling  or  lapping  machine, 
to  equalise  the  length  of  the  bands,  the  carding  process  making  the  fleece  loose  and 
of  unequal  substance.  Of  late  the  fibres  are  separated  before  carding,  the  chief  dis- 
tinction being  between  the  long  fibre  of  Georgia  (Sea  Island),  and  the  finer  or  silky  fibres 
of  Florett  silk. 

3.  The  Stretching  or  Drawing. — The  machine  effecting  this  consists  of  sometimes  two 
to  six  rollers,  but  usually  two  pairs  of  small  rollers,  over  which  the  ribbons  axe  drawn 
until  they  are  of  equal  substance. 

4.  Boving,  or  unwinding  the  ribbon  into  yam,  which  may  be  considered  as  the  first 
process  of  spinning.  The  fleece  is  stretched  100  times  finer  than  it  was  before  drawing, 
and  the  more  it  is  stretched  the  finer  becomes  the  yam  for  spinning.  The  yam  is 
strained  loosely  at  first,  in  proportion  to  its  length,  and  drawn  more  tightly  as  required. 
By  this  process  yams  of  various  degrees  of  fineness  are  easily  obtained.    The  first 
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drawing  yields  coarse  yam,  the  snbseqnent  drawings  famish  the  finest  and  most  delicate 
yam  for  spinning.  If  the  yam  be  too  fine  for  the  purpose  required,  as  in  the  mannfacture 
of  coarse  fabrics,  several  card  ends,  as  they  are  technically  termed,  are  placed  together 
from  the  first  drawing  and  formed  into  one  ribbon ;  this  process  can  be  continued  until 
the  required  texture  is  obtained. 

Fine  spianing.  The  yam  (twist)  is  now  rendered  firmer  by  means  of  the.  throstle  and  the 
self-acting  mule  machine,  which  has  quite  superseded  the  Jenny.    To  the  mule  machine 

Tarn,  wc  owe  the  yam  termed  water-twist,  which  is  very  strong  and  indispensable  in  the 
manufacture  of  corded  materials. 

Cotton  Fabdok        Of  the  different  textures  in  which  cotton  is  employed,  we  have  those 

with  parallel  cords : — 

a.  Linen,  glazed: — i.  Calico,  cotton  and  linen  prints.     2.  Nankeen.    3.  Shirting. 

4.  Towelling  cambric.  5.  Scotch  cambric.  6.  Jaconet,  7.  Prruted 
calicoes.  8.  Coloured  textures,  such  as  gingham,  cotton  bar6ge.  9.  Various 
transparent  muslins,  such  as  Zephyr,  organdi,  vapour,  corded  mull  muslin, 
tulle,  and  gauze. 

b.  Cotton  materials  with  cross  cords : — i.   Huckaback.      2.    Cotton  merino. 

3.  Drill.    4.  Bast.    5.  Satin.    6.  Fustian, 

c.  A  rough  woollen  stuff  called  beaverteen,  resembling  fustian,  a  finer  moleskin. 

d.  Other  cotton  fabrics  are: — i.  Dimity.      2.  Drill  and  fustian.      3.  Cotton 

damask.    4.  Pique. 

e.  From  the  same  manufacture  we  get  cotton  velvet  (Manchester). 

8abxti(at«s  for  Cotton.  Substitutes  for  cotton  are  found  in  the  black  poplar  {Populus  nigra) 
and  the  aspen  (P.  tremulu) ;  the  fibres  of  the  latter  are  not  so  elastic  as  some  of  the  sub- 
stitutes discovered.  The  rush  {JunctM  e^usus)^  the  German  tamarisk,  and  the  thistle 
(Afirostu) ,  the  Salix  pentandra^  the  Zostera  marinat  and  the  flax  tree,  supply  material  for 
mannfacture.  Some  twenty  years  ago  Chevalier  Claussen  endeavoured  to  open  the 
filaments  of  flax  by  chemical  action  by  steeping  the  fibres  in  a  bath  of  i  part  sulphuric 
acid  to  200  parts  water,  and  then  dipping  it  into  a  weak  solution  of  carbonate  of  soda. 
By  this  process  the  flax  is  changed  into  a  downy  mass  resembling  cotton  in  lightness ;  but 
the  method  was  not  successful,  as  the  firmness  of  the  fibre  was  injured,  and  its  value 
deteriorated  in  other  ways. 

^i52;!?FSrio2  *"       There  is  a  great  difficulty  in  detecting  cotton  in  linen  fabrics  when 

the  fibres  are  closely  interwoven.    The  old  method  of  testing  the  presence  of  cotton  in 

linen  was  by  placing  it  under  a  powerful  microscope,  but  chemical  analysis  presents 

more  reliable  methods.    The  following  tests,  recommended  by  Kindt  and  Ijelinert, 

proves  the  existence  of  cotton  in  linen  by  absorption.    The  linen  containing  cotton 

fibre  is  placed  in  a  bath  of  sulphuric  acid  of  183  sp.  gr.  for  i  to  li  minutes.     Tlie 

cotton  fibre  is  immediately  absorbed,  the  sulphuric  acid  acting  upon  it  more  quickly 

than  upon  the  linen ;    the  fabric  upon    being  dried    has  a  curled  or    shrivelled 

appearance.    Other  fibres,  sheep's  wool,  silk,  and  flax,  are  now  treated  chemically, 

and  their  smoothness  and  glossiness  are  attributable  to  chemical  agency,  which  is 

found  to  be  the  greatest  preservative  against  decay.     The  colour  test  of  Eisner  is 

useful,  but  not  always  successful,  on  account  of  the  transition  of  the  delicate  colours 

being  so  instantaneous  as  to  make  it  difficult  to  form  a  decision.    As  a  colour-test 

there  may  be  taken  half  an  ounce  of  the  root  rubia  tinctorum,  macerated  in  6  ounces 

of  alcohol  at  94  per  cent  for  twenty-four  hours.    When  filtered,  the  tincture  appears  a 

clear  brown-yellow.    Pure  linen  fabrics  immersed  in  it  become  a  dull  orange-red, 

and  pure  cotton  yellow ;  the  flax  fibre  will  assume  a  yellow-red,  and  the  cotton  a 

bright  yellow,  the  fabric  appearing  not  uniform  in  colour  but  streaky.    When  the 

fjEibric  becomes  so  unequally  streaked  as  to  make  it  difficult  to  discern  whether  it  be 

linen  or  cotton,  the  following  test  will  prove  decisive : — Place  the  streaky  fabric  in  a 

eolation  of  spirits  of  wine,  and  then  in  a  weak  solution  of  aniline  red,  by  which  it 
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becomefl  colonred.  and  finallj  let  it  remam  one  to  thrse  minitteB  in  ft  weak 
eolation  of  Bal-anmioniac ;  the  colour  of  tho  cotton  fibre  will  be  diaupated  and  tb« 
linen  will  beoome  a,  beantifol  nwe-red.  From  Eisner's  fiiat  teat  for  change  of  colonr 
the  method  of  previoiialy  colouring  the  linen  fabric  was  esUhlished.  Cochineal  was 
selected  for  this  porpose,  and  the  linen  placed  in  a  weeJc  solntion,  chloride  of  lime 
being  used  to  preTent  the  colour  in  the  linen  running,  while  the  cotton  contained  in 
the  fabric  changes  colour  inimediatelf.  Frankenstein's  oil  test  for  uncolonred  fabrics 
can  be  reconuoeoded  for  its  simplici^  and  excellence.  The  fabric  is  dipped  in  olive 
or  rape-seed  oil ;  it  quickly  becomes  soaked  throngh,  and  the  snrplns  oil  ia  removed 
1^  blotting-paper,  the  linen  fibre  becoming  transparent,  leaving  the  cotton  opaque. 
When  on  unbleached  fabric  is  tested  in  this  manner  it  appears  shining  at  first,  bat 
becomes  dimmer  in  the  parts  where  the  cotton  is  present.  A  tnier  method  of 
pealing,  however,  is  given  by  the  magnifying  ^ass.  Bother-  gives  ft  test  with 
potash.  The  linen  &bric  ia  immersed  in  a  concentrated  solution  of  potash ;  in 
ftbont  two  minutes  it  becomes  a  deep  yellow,  the  cotton  fibre  assuming  a  light  yellow. 
Stockhardt  gives  a  spirit  test  Linen  fabrics  are  placed  in  layers  with  lighted 
brandy;  the  linen  fibre  extinguishes  the  flame,  while  the  cotton  acts  as  a  wick, 
absorbing  the  spirit  This  experiment  can  be  successfally  used  with  coloured 
materials,  with  the  exception  of  those  coloured  with  chrome-yellow,  chromate  of 
oxide  of  lead.  The  singeing  test  requires  the  most  dehcate  treatment  The  fibre  is 
placed  in  a  glass  vessel  over  the  flame  of  the  spirit-lamp  nntU  it  becomes  a  light 
yellow;  then  by  microscopic  examination  the  (»)tton  fibres  will  be  found  curled  up, 
while  the  flax  fibres  are  distended  and  clearly  separated  from  each  other.  Hemp  and 
flax  act  in  the  same  manner,  but  do  not  separate  so  much.    Nitric  odd  can  be  so 
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applied  as  to  leave  the  flax  fibre  unchanged  in  colour,  while  the  hemp  immediately 
becomes  a  pale  yellow,  and  the  New  Zealand  flaxes,  Pftormium  tmtxx,  a  blood-red. 
The  admixture  of  cotton  in  linen  fobrics  become  known  throngh  O.  Zimmermann, 
who  tried  the  following  test :— Place  the  fabric  in  a  mixture  of  3  parts  saltpetre  and 
3  parts  sulphuric  acid  for  eight  to  ten  minutes,  then  wash,  dry  and  treat  with  alcohol 
containing  ether.  The  cotton  bo  treated  ia  soluble  as  collodion,  the  linen  fibre  is  not. 
Separation  of  Animal  and  Vegetable  Fibres  by  Means  of  Singeing.— The  mixture  is 
placed  near  a  bright  flame  to  singe  nntU  the  hair  is  consmned,  leaving  a  black  ashy 
mass  in  the  same  proportion  as  the  fibre,  if  it  be  mixed  with  sheep's  wool 
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Animal  knd  flaxen  fibres  are  separated  by  boiling  in  potash,  whioli  loosens  Om 
filaments  of  wool  or  silk,  leaving  the  cotton  and  linen  fibres  unaltered.  Pohl  gives 
OB  the  following  teat : — Place  the  fibres  in  a  solution  of  picric  acid  for  one  minnte ; 
then  carefnllj  wash ;  the  wool  or  silk  filaments  will  have  tnmed  yellow,  the  cotton 
or  flax  fibre  remaining  white.  This  can  be  applied  to  mixed  fabrics ;  but  the  most 
oertiun  method  is  nnder  the  microscope,  where  the  linen  fibre  appears  in  a  cylindrioal 
form,  Pig.  195,  and  never  flat.  It  is  not  stiff  nor  twisted,  and  is  chieflj  characterised 
by  the  narrowness  of  its  inner  tube.  Hemp  is  mmilor  to  flax  fibre,  being  easi^ 
broken ;  its  ends  branch  out  stiffly,  and  its  tube  te  open.  The  fibres  in  cotton  bbrioB 
are  long,  of  a  close,  thin  texture,  like  a  twisted  band,  ae  in  Fig.  ig6.  Sheep's  wool 
nnder  the  microscope  appears  thicker  than  the  other  filaments,  having  a  periectlj 
ciroalar  stalk  with  tile-shaped  scales,  as  seen  in  Fig.  197.    The  silken  fibre,  Fig.  198, 
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is  a  slend^  oolnmn,  smooth  on  the  exterior  and  easily  diBtingniehable  from  wool 
Fig.  «x>,  representing  a  mixed  silken  and  woollen  fabric,  as  it  appears  nnder  a  low 
power.    Wool  and  cotton,  Fig.  199,  ore  also  easily  distingaished  from  one  another. 


BU<«T  e*  p«p«.       Paper  ii 


PjtPBS  Makin 

n  reality  a  thin  felt  of  vegetable  fibres  mechanically  and 


chemically  clarified,  crushed  and  torn  into  a  pulp  suspended  in  water.  This  pulp  is 
spread  eqnally  in  thin  layers,  drained,  pressed,  and  dried  into  the  compact  Bnbstance 
we  call  paper. 

01  the  biatoiy  at  paper  we  have  the  folloiring: — In  very  aneieut  times  men  engraved 
signs  upon  stone,  iron,  lead,  ivory,  wood,  Ac,  and  by  this  means  banded  dovn  their 
thougbts  to  poaterity.  Later,  palm  and  other  leaves  were  need  for  this  purpose,  alio 
various  barks  of  treea,  eapooially  Che  smooth  inner  baik.  The  old  QeimanB  vrote  upon 
lurch  baik,  and  there  is  still  on  old  Pagan  poem  in  existenoe  written  on  thia  bark.  OUmt 
nations  painted  with  a  brush  on  cotton  or  taffeta.  Indeed,  about  600  years  befon 
Christ  the  Egyptians  prepared  the  Cyprus  grass,  Cypenu  pim/nu  or  Papynu  atUiqw/nm, 
lor  writing  potposea.  This  grass  grew  from  2  to  3  metres  high ;  specimeua  are  veiy  rare. 
Id  the  time  of  the  Roman  Empire  it  was  the  customary  means  of  ooDveyiug  iutelhgenoe, 
and  was  considered  a  luiory  until  1 100  or  1300,  wheo  its  use  was  discontinued.  A  ootten 
cloth  was  then  substituted  under  the  name  ol  parchment,  and  was  held  in  great  tavont  on 
aoooont  of  its  strength.  Spanish  paper  was  much  esteemed  until  1300.  About  that  time 
an  attempt  was  made  to  mix  cotton  with  linen  rags.  This  was  oooompliBhed  in  1318.  It 
was  not  well  known  in  Oormany  ontil  1400,  although  the  first  account  of  its  mannlaotore 
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is  in  1390,  when  Mnrr  opened  a  large  paper  mill  in  Knrembnrg.  Later  still  we  haye 
mention  of  a  paper  mill  by  Sliakspeare  in  the  Second  Part  of  Henry  VI.,  the  plot  of  the 
play  being  laid  abont  a  century  before  the  time  it  was  written.  History  records  that 
Sir  John  Spielman  owned  a  paper  mill  near  Dartford  in  1588,  for  the  erection  of  which  he 
was  knighted  by  Queen  Elizabeth.  Since  this  time  the  manufacture  has  steadily 
progressed. 

PftiMr^iS££L«iiii«.  ^®  chief  materials  of  paper  manufacture  are  the  waste  rags  from 
flax,  hemp,  silk,  wool,  and  cotton.  The  linen  rags  are  mostly  in  request  for  making 
the  best  and  most  durable  white  writing  and  printing  paper.  Silk  and  woollen  rags 
are  unfit  for  this  purpose,  as  the  bleaching  material  will  not  act  upon  animal  sub- 
stances. Cotton  in  a  raw  state  requires  less  preparation  than  hemp.  Rags  are 
classes  under  different  denominations, — fines,  seconds,  and  thirds,  the  latter  com- 
prising fustians,  corduroys,  stamps,  or  prints  as  they  are  technically  termed.  The 
waste  refuse  from  the  wadding  machine  used  in  cotton-spinning  is  employed  for 
scribbling  paper.  Bibulous  papers,  such  as  blotting  and  filter  papers,  are  made  from 
woollen  rags,  on  account  of  their  open  texture ;  cotton  rags,  also,  make  a  spongier, 
looser  paper  when  unmixed  with  linen. 

sabstitiite  for  Bags.  The  Consumption  of  paper  in  Europe  has  more  than  doubled  within  the 
last  fifty  years,  and,  owing  to  the  inefficient  supply  of  rags,  substitutes  had  to  be  found 
in  straw  and  wood.  The  Chinese  first  used  vegetable  pulp  for  paper  manufacture.  The 
inner  bark  of  the  bamboo  is  particularly  celebrated  as  affording  a  paper  yielding  the  most 
delicate  impressions  from  copper-plate,  and  this  paper  was  originally  called  India-proof. 
The  Chinese  also  use  the  bark  of  the  mulberry  and  elm  trees,  hemp,  rice-straw,  and  wheat. 
Among  the  straw  species  appears  the  maize  (Indian  com),  from  the  fibre  of  which  a  paper  is 
made  that  for  purity  and  whiteness  cannot  be  equalled.  Also  the  Andropogon  filycichylum^ 
or  Sorghum  Boccharatum^  a  native  of  North  America,  is  used ;  in  fact  nearly  every  species 
of  tough  fibrous  vegetable,  and  even  animal,  substance  has  been  tried,  but  of  these  straw 
has  been  most  successfully  applied,  in  combination  with  linen  and  cotton  rags,  when  the 
silica  contained  in  the  straw  is  destroyed  by  means  of  a  strong  alkali.  If  the  straw  is 
not  properly  prepared  the  paper  will  be  brittle,  and  unfit  for  use.  The  use  of  straw  is 
not  very  extensive,  owing  to  the  extra  expense  of  preparation,  and  its  waste  under  the 
process.  It  is  used  for  making  common  brown  paper,  but  it  is  chiefly  used  for  giving  a 
stiffness  to  cheap  newspapers.  All  soft  woods  are  fit  for  paper-making,  such  as  the 
trembling  poplar,  linden,  aspen,  fir,  &c  ;  the  pine  is  of  too  resinous  a  nature  to  be  of 
much  value.  The  preparation  from  wood  is  mi^e  in  the  following  manner : — the  bark  is 
sawn  and  split  into  suitably  sized  pieces,  and  the  fibres  separated  by  pressure  between 
horizontal  rollers  copioudy  supplied  with  a  stream  of  water.  The  water,  which  forms 
two-thirds  of  the  mass,  is  then  removed  by  further  pressure,  generally  hydraulic.  In 
1867,  Bashet  and  Machard  treated  the  woody  material  with  hydrochloric  acid.  Later,  waste 
wood  has  been  treated  chemically,  in  the  large  manufactory  of  Mana^nink,  of  Philadelphia. 
The  finest  wood  is  set  apart  into  lots.  No.  i  is  used  for  making  writing  and  printing 
paper ;  No.  2,  wall  paper,  packing  paper,  and  inferior  kinds  of  printing  paper ;  Nos.  3 
and  4  for  label  and  pasting  paper.  Spanish  woods  are  largely  used,  on  account  of  their 
smoothness. 

Min«na  Additioni  We  find  minerals  used  in  the  present  manufacture.  A  moderate  addition 
to  the  Baci.  q£  ^  mineral  body  to  the  paper  material  whitens  the  whole,  and  for  inferior 
or  ordinary  paper  is  successfully  employed.  It  is  unfit  for  very  thin  paper,  making  it 
shiny  and  brittle.  A  profitable  addition  of  mineral  matter  is  from  5  to  10  per  cent  of  the 
weight  of  paper,  a  greater  addition  making  the  paper  dull,  brittle,  and  hairy  to  write  upon. 
The  usual  mineral  mixtures  in  frequent  use  at  the  present  day  are — clay  free  from  sand, 
China  clay,  and  kaolin.  Aniline  pearl-hardening,  dissolved  into  a  pulp  resembling  clay, 
is  most  preferred,  being  not  so  expensive.  In  1850  it  was  favourably  received,  under  the 
names  of  fixed  white,  raw  white,  patent  white,  or  permanent  white.  With  100  kilos,  of 
paper  pulp  15  kilos,  of  the  paste  is  generally  employed. 

''""'bfalni^'*'  ^®  ^^^  method  of  making  paper  by  hand  was  from  the  pulp  of 
waste  paper  placed  in  a  mould  of  the  required  size ;  but  this  method,  although  still 
used  for  writing  paper,  was  found  to  restrict  the  size  of  the  sheets,  and  different 
methods  were  tried  with  varied  success,  until  a  machine  was  invented  which,  without 
the  aid  of  moulds,  manufactured  the  paper  in  any  length. 
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oattinj»ndae«iiiig      The  Guttiiig and  Sorting  of  the  Hags. — ^The  first  operation  is  per- 
formed by  two  machines,  called  the  half-hoUander  and  the  whole-hollander.     The 
rags  are  next  treated  chemically  with  potash  to  rot  them.    By  the  old  method,  rags 
were  cut  into  pieces  about  4  inches  square,  by  being  drawn  across  a  sharp  knife  fixed 
upon  a  table.    Machinery  has  superseded  this  arrangement,  and  various  cutting 
machines  have  been  invented,  among  which  we  may  mention  that  of  Mr.  Davey,  in 
which  a  horizontal  knife  revolves  around  a  fixed  cylinder  cutting  the  rags  into  strips. 
Bennet's  cutting  machine  consists  of  two  knives  radiating  from  a  wheel,  and  bearing 
against  another  knife.     Some  machines  are  constructed  with  a  quantity  of  circular 
sharp-edged  steel  plates,  like  the  machine  of  Uflfenheimer,  of  Vienna.    After  cutting, 
the  rags  are  cleansed  from  dust  and  other  impurities  by  the  Willow  machine.    The 
best  kind  of  sifting  machine  is  in  the  form  of  a  drum  with  the  upper  part  covered 
with  a  wire  grating.    The  rags  are  put  in  by  a  side  door,  which  acts,  as  the  drum 
revolves,  as  a  refuse  door,  casting  ofif  the  sand  and  impurities,  leaving  the  rags  win- 
nowed.     They  are  next  boiled  in  an  alkaline  ley,  or  solution  of  4  to  10  pounds 
of  carbonate  of  soda,  with  one-third  of  quick-lime  to  100  of  the  material.    The  rags 
are  placed  in  large  cylinders  slowly  revolving,  and  causing  them  to  be  constantly 
turned  over.    Into  these  cylinders  a  jet  of  chlorine  water,  with  a  pressure  of  30  lbs. 
to  the  square  inch,  is  directed.      H.  Yolter  patented  in  1859  a  horizontal  steam 
cylinder,  which  receives  the  steam  from  a  tubular  guide-cock  provided  to  the  boiler, 
an  inner  cylinder  revolving  to  move  the  rags.    The  distant  end  of  the  boiler  and  the 
tubular  cylinder  draws  up,  and  the  mass  is  easily  poured  into  the  washing  machine 
when  in  a  fluid  state  (Silberman  s  Washing  Hollander.)    Although  partly  cleansed  by 
the  above  method  the  rags  still  require  further  boiling. 
foru:u3XAti!eWhSiSutt.    The  machine  used  in  separating  and  rending  the  rags 
are: — 

1.  The  German  stamping  machine. 

2.  The  rag  mill  (rolling  hoUander). 
a.  The  half-hollander. 

/3.  The  whole-hollander. 

Formerly  the  rags  were  rotted  before  crushing,  being  placed  in  a  stone  trough,  where  in 
two  or  three  days  they  became  heated,  and  developed  a  strong  ammoniacal  odour. 
When  the  surface  was  covered  with  a  mould,  the  rags  were  sufficiently  decayed  for  the 
purpose  of  manufacture.  They  were  then  taken  out  in  a  brown  mass,  those  remaining 
behind  as  sediment  being  used  for  coarse  paper.  The  present  method  of  boiling  the  rags 
with  alkalies  is  preferable,  giving  the  paper  greater  firmness. 

stamp  MAchine.  The  German  stamp  machine  is  at  the  present  time  only  to  be  found  in 
smaller  manufactories.  It  is  of  the  nature  of  a  hammer.  Six  or  eight  stamp  rods  are 
fixed  into  a  strong  oak  beam,  and  work  iutermit^ntly  with  a  set  below.  Through  an 
opening  provided  with  a  fine  sieve  the  water  is  conveyed  away.  As  the  hammers  rise 
and  fall,  the  stamp  holes  serve  for  a  water  conduit.  Three  to  five  hammers  work  in  each 
hole.  The  rags  are  mixed  with  sufficient  water  to  form  a  pulp,  and  remain  in  the 
machine  12  to  20  hours  and  more. 

TiM  HoUAnder.    The  hollauder  mill  is  fiast  becoming  a  universal  fiavorite.  It  is  somewhat 

similar  in  principle  to  the  stamping  machine,  but  in  strength  and  speed  greatly  excels 

every  other  machine.    Fig.  201  is  a  half-hollander;  Fig.  202  the  vertical  section 

through  the  line  a  b.    The  chief  characteristics  of  the  hoUander  are : — i.   Speed  of 

revolution  of  the  trimming  knife.    2.  The  box  of  knife  edges  nnder  the  revolving 

cylinder.    3.  The  trough  and  revolving  cylinder.    4.  The  cap  or  partition  above  the 

trough  to  prevent  the  mass  being  cast  out  when  in  motion.    The  trough,  cc,  is  a  long 

oblong  cistern  of  cast-iron,  stone,  or  wood  lined  with  lead.    The  cover  rests  upon  a 


348 


CHEMICAL  TBCBNOLOaT. 


partilioii,  XX,  ot  egnal  height  with  the  oaUide  wall.  The  machine  is  divided  into  two 
parte,  the  working  side  in  wliich  the  ragB  are  torn  or  shredded  between  the  knife- 
edges  on  the  cjlinder  and  those  in  the  box,  and  the  rnnning  side  into  which  the 
ahredded  rags  are  thrown  by  the  revolving  cjlinder.  Under  the  cylinder  is  a 
massive  oak  block,  t,  the  craw,  its  concave  surface  comprising  the  fourth  part  of  tha 
oironmferenoe  of  the  cylinder.     The  side  y  ib  e,  little,  and  «  much  inclined.    Half- 


way between  k  i  are  two  strong  beams,  I,  m,  supporting  the  metsl  bearings,  in  which 
works  the  axle,  o  o,  of  the  cylinder.  From  the  roller,  a.  a  number  of  cutters  nm 
parallel  to  the  axis.  The  knives  are  of  soft  steel,  and  in  the  whole -hollander  some- 
times bronze.  Beneath  these  a  senes  of  knives  is  plsced  against  which  tho  rags  are 
drawn  by  the  cylinder.  In  order  that  by  the  movement  of  the  cylinder  none  of  the 
material  should  be  thrown  out    a  cover  is  provided   the  dirly  water  thrown  up 


falling  through  the  sieves,  v  v,  and  flowing  through  the  opening,  gg.  Glean  walar 
flows  in  from  the  top  of  the  hollander.  The  washing  finished,  the  water  pipe  is  shnt 
bf  Dwans  of  a  sliding  partition,  each  partition  having  an  inner  rate  to  prevent  the 
pulp  passing  away.  Tha  rags  are  poured  into  the  top  of  the  hollander  with 
the  requisite  quautity  of  water.    The  roller  revolves  loo  to  150  times  a  minute,  tito 
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knives  catting  more  readily  in  the  Unid.  Having  passed  the  cylinders  and  the  lower 
set  of  knives,  the  mass  flows  over  the  steep  slope  of  the  craw,  z,  while  the  roller 
continaes  its  work.  This  mode  has  this  advantage,  that  the  rags  have  an  uninter- 
rupted flow,  and  that  all  parts  have  the  same  resistance  under  the  roller.  The  work 
of  the  half-hollauder  is  of  two  hours  duration  for  soft  and  clean  rags,  a  longer  time 
being  requisite  for  coarse  and  dirty  materials. 

Bieaebing  the  Paii>.  After  this  the  mass  is  placed  in  another  machine,  the  whole- 
liollander,  and  bleached  by  a  solution  of  chloride  of  lime,  chlorine  water,  chlorine 
gas,  or  otlier  bleaching  agents.  The  lime  is  retained  in  the  machine  until  the 
rags  are  sufficiently  bleached ;  the  pulp  is  then  let  down  into  long  slate  cisterns  to 
steep  before  placing  in  the  beating  machine. 

An  arrangement  for  bleaching  by  means  of  chlorine  gas  is  exhibited  in  Fig.  203. 
The  gas  passes  from  the  generators,  a  a,  into  a  wooden  chamber,  a,  in  which  the 
damp  pulp  is  arranged  on  shelves.  These  shelves  have  openings  admitting  the 
chlorine    gas    as    shown    by    the 

arrows.     The  surplus  gas  escapes  '^^'  ^3* 

through  opening,  c,  to  a  reservoir, 
which  is  also  used  for  bleaching 
the  pulp.  The  pulp  is  then  re- 
moved, washed  by  a  solution  of 
soda,  potash,  or  urine,  and  after 
standing,  worked  with  antichlore,  a 
term  given  by  bleachers  to  any  salt 
that  neutralises  the  pernicious 
after  efiects  of  chlorine  upon  the 
pulp.  By  this  means,  in  each  100 
kilos,  of  half-stuff,  25  to  5  kilos,  of 
common  salt  is  developed  by  the 
action  of  the  chlorine  gas  upon  the 
soda.  When  bleached  by  chloride 
of  lime,  I  to  2  kilos,  are  applied  to 
100  kilos,  of  pulp.     When  greater 

smoothness  is  required,  a  little  hydrochloric  or  sulphuric  acid  is  added,  although  care 
must  be  taken  in  its  use,  for  applied  too  largely  it  destroys  the  fibre.  Orioli  employs 
hypochlorite  of  alimiinium,  known  by  the  name  of  Wilson's  bleaching  preparation, 
chloride  of  aluminium  being  obtained  on  the  one  hand,  while,  on  the  other,  all  the 
bleaching  effects  arise  from  the  delivery  of  ozonised  oxygen  {AlaCl603=30+AlaCl6). 
Varrentrapp's  hypochlorite  of  zinc,  under  the  name  of  Varrentrapp's  bleaching- 
powder,  is  worthy  of  notice  as  being  extensively  used.  In  this  powder,  chloride  of 
lime,  decomposed  with  zinc  vitriol,  or,  better,  with  chloride  of  zinc,  is  employed.  When 
bleached  by  chloride  of  zinc,  the  mineral  acid  decomposes  the  chloride  of  lime, 
therefore  no  risk  is  incurred  by  the  fibre. 

Aotichion.  Wlien  the  bleach  retains  chlorine,  it  is  washed  in  soda,  potash,  or  anti- 
chlore, to  neutralise  the  adhering  hydrochloric  acid,  which  merely  washing  in  water 
would  not  effect.  The  chief  constituents  of  anticlilore  are  sulphite  of  soda, 
chloride  of  tin,  and  hyphosulphite  of  soda.  A  molecule  of  sulphite  of  soda 
(NaaS03-f  7H2O)  removes  i  molecule  of  chlorine  (Clj).  whilst  hydrochloric  acid 
and  sulphate  of  soda  are  formed.     A  mixture  of  sulphite  with  carbonate  of  soda 
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is  employed  to  neutralise  the  hydrocliloric  acid.  The  sulphate  of  soda  and  chloride 
of  sodium  are  removed  by  washing.  Sulphite  of  calcium  is  greatly  approved,  and 
is  considered  to  be  as  effective  as  antichlore,  when  applied  as  the  corresponding 
sodium  salt.  A  molecule  of  tin-salt  (SnCU+aHaO),  is  taken  up  by  a  molecule  of 
chlorine  (Cla),  by  which  chloride  of  tin  (SnCl4)  arises.  After  the  working  is  com- 
pleted, so  much  carbonate  of  soda  is  added  as  is  required  to  saturate  the  hydrochloric 
acid.  A  molecule  of  hyposulphite  of  soda  (NaaSaOj+sHaO),  absorbs  4  molecules  of 
chlorine,  whilst  sulphate  of  soda,  hydrochloric,  and  sulphuric  acids  are  formed. 
Some  salts  of  lime  are  also  commercially  known  as  antichlore. 

Blueing.  Notwithstanding  the  careful  chemical  bleaching,  the  pulp  has  still  a  yellow 
tinge,  and  requires  a  colouring  matter  which  is  generally  introduced  in  the  process  of 
beating.  The  blues  generally  used  are  ultramarine,  Paris  blue,  indigo,  aniline  blue, 
oxide  of  cobalt.  With  100  kilos,  of  the  dry  paper  stuff,  05  to  1*5  kilos,  of  ultramarine 
ar«  mixed,  according  to  the  strength  of  the  colour  required. 

suing.  The  pulp  requires  sizing  to  preserve  the  colour.  It  is  guided,  as  it  issues 
from  the  hollander,  through  a  tub  of  size,  and  afterwards  carried  over  skeleton 
drums,  containing  revolving  fans  to  dry  it  as  it  passes ;  heated  cylinders  are  also 
used  for  drying.  Starch  is  used  to  give  a  thicker  consistence  to  the  size,  which 
is  generally  made  from  the  best  glue,  resin  being  added  in  quantities,  never 
exceeding  3  kilos,  per  100  kilos,  of  pulp,  to  impart  the  desired  amount  of  stLShess. 

a.  Hand  Paper. 

stnisingtiM Paper sheeta.  There  are  tliree  ways  of  straining  or  filtering  the  pulp: — 
First,  by  straining  through  a  brass  sieve  with  fine  slits  to  allow  the  pulp  to  pass, 
and  retaining  all  lumps  and  knots.  Secondly,  by  pressure ;  and  thirdly,  by  evapora- 
tion. In  the  first  operation  the  sheet  is  formed  by  a  mould  of  the  size  required, 
being  dipped  into  a  tub  of  pulp  previously  strained.  The  pulp  becomes  distended  to 
a  thin  layer  and  the  water  filters  ofif.  The  tub  is  either  round  or  of  a  quadrangular 
shape  made  of  wood,  lined  with  lead.  A  broad  board  nmning  across  the  tub 
is  called  the  bridge,  and  a  smaller  one  under  the  large  one  the  little  bridge.  The 
large  bridge  has  a  pointed  support,  technically  termed  the  donkey,  for  the  form  or 
frame  to  lean  against. 

The  sifting  machine,  technically  termed  the  knotter,  used  in  the  manufacture 
of  hand-paper,  consists  of  an  upright  cylindrical  sieve,  in  which  an  inner  cylinder 
revolves.  As  the  whole-stuff  is  taken  from  the  tub,  the  remainder  becomes  massed 
together,  and  steam  or  other  pressure  is  employed  to  force  the  pulp  through  the  sieve 
and  cylinder,  the  latter  retaining  the  lumps  and  knots.  The  paper  forms,  upon  which 
the  whole-stuff  is  placed,  are  constructed  with  brass  wires  to  allow  the  water  to  drain 
oflf,  retaining  the  pulp.    There  are  two  kinds  of  forms : — 

1.  The  Bibbed  Form.— A  square  or  oblong  frame  of  oak  or  mahogany  with  parallel  brass 
wires  and  cross  wires  at  intervals  to  steady  them.  Lined  paper  is  made  on  this  form, 
and  is  not  much  glazed  on  account  of  the  time  and  expense,  being  reckoned  an  inferior 
paper. 

2.  The  Vellum  Form. — A  frame  of  finer  brass  wire- work.  Vellum  paper  is  made  on  this 
form,  and  has  a  delicate  even  surface  ;  it  can  be  made  to  present  any  degree  of  glossiness 
by  pressing  and  satining.  When  held  to  the  light  it  appears  uniform,  not  possessing 
bright  and  opaque  lines  as  in  the  former  paper. 

A  ribbed  form  similar  to  the  vellum  form  is  employed  in  the  manufacture  of  paper  dis- 
tinguished  by  trade  marks,  coats  of  arms,  Ac^  the  impress  of  the  wire  forming  what  is 
termed  the  water-mark ;  bank-notes  are  made  separately  in  a  mould  in  this  way.  The 
edge  of  the  form  makes  the  edge  of  the  paper,  fonns  beong  used  according  to  the  size 
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required ;  also  the  quantity  of  the  whole-stnff  varies  in  accordance  with  the  reqoi^d 
thickness  of  the  sheets.  Felt  is  extensively  nsed  in  the  manufacture  of  paper ;  it  is  unlike 
the  ordinary  felt  for  hats,  heing  a  coarser,  looser,  white  woollen  fabric,  more  suitable  for 
rolling. 

The  work  of  the  pulp-tub  is  divided  into  two  parts,  the  squaring  and  the  scooping ;  the 
latter  is  the  placing  of  the  pulp  in  the  mould,  the  former  the  placing  of  the  sheets 
between  felt.  The  tub  is  stirred  occasionally  with  a  pointed  stick,  technic^y  termed  the 
scoop  stick.  The  pulp  is  taken  out  on  the  form  in  a  sloping  position,  shaken  a  little  to 
aid  cohesion,  and  hnsdly  placed  on  the  small  bridge.  The  next  sheet  is  placed  on  the 
large  bridge.  The  form  is  laid  in  a  sloping  position  against  the  donkey-rest  to  drain,  and 
the  paper  finally  placed  on  the  felt  to  dry  a  little,  the  empty  form  returning  to  the  tub. 
The  first  paper  sheet  is  covered  with  felt,  on  which  the  next  is  placed ;  the  average 
number  of  sheets  manufactured  exceeding  5000  a  day. 

Preaaiiig  the  Paper.  As  soon  as  there  is  a  sufficient  number  of  sheets,  they  are 
made  into  a  thick  bale  and  placed  under  the  press,  the  number  of  sheets  comprising 
a  bale  being  generally  181.  Three  bales,  181X3=543  sheets;  twenty  quires  =480 
sheet  sized,  and  500  unsized.  Pressing  gives  firmness  and  glos^ess,  and  by  con- 
tinued pressing  exceeding  smoothness  is  obtained. 

Drying  tba  Paper.  The  process  of  pressing  has  not  quite  removed  the  water  from  the 
paper,  which  has  to  be  dried  in  an  airy  chamber,  the  sheets  being  placed  separately, 
or  two  to  five  together  as  required.  An  expert  workman  can  place  800  to  900  layers 
of  two  to  five  sheets  each  in  a  day,  as  well  as  hanging  and  drying  the  sheets  and 
taking  them  ofif  the  cord. 

siainff  the  Paper.  The  paper  is  uot  durable  unless  it  is  sized,  and  is  only  used  for 
filtering,  packing,  printing,  or  scribbling  papers.  Sizing  gives  the  paper  substance 
by  filling  the  pores,  and  making  it  firmer,  stiifer,  and  harder.  Ordinary  size  dis- 
solved in  water  will  not  always  prove  effective,  and  it  is  necessary  to  add  a  solution 
of  an  aluminum  salt,  such  as  that  of  alum,  sulphate  of  alumina,  or  chloride  of 
aluminium,  to  prevent  decay.  Without  chemical  preparation  the  sheets  are  rendered 
sticky  and  have  to  be  sized  separately,  but  with  the  above  addition  80  to  100  sheets 
can  be  successfully  sized  by  hand ;  a  good  workman  can  size  40,000  to  50,000  sheets 
in  twelve  hours.     The  sheets  must  not  be  dried  too  quickly  after  sizing. 

Preparing  the  Paper.  After  tlie  sizcd  paper  is  prcssed  and  dried,  it  requires  further 
preparation  to  make  it  fit  for  use.  The  first  process  consists  in  the  finishing  or  trimming 
to  remove  all  the  little  specks  and  blemishes,  and  to  smooth  the  sheets.  The 
finished  sheets  are  counted  and  placed  together,  the  workman  by  continued  practice 
counting  8000  to  15,000  sheets  as  he  places  them,  and  separating  them  into  whole 
and  half  quires,  twenty  four  sheets  of  sized  and  twenty-five  sheets  of  unsized  paper 
making  a  quire ;  the  upper  and  under  quire  of  each  ream  being  placed  on  an  extra 
sheet,  known  as  outsules.  The  even  and  glazed  surface  is  mostly  obtained  by  hot- 
pressing,  when  every  sized  sheet  is  interposed  between  two  unsized  sheets;  this  is 
called  interchanging.  The  preparation  of  the  various  kinds  of  paper  is  now  accom- 
plished, with  the  exception  of  the  finest  letter  paper,  which  requires  an  extra  process 
to  give  it  a  final  gloss,  by  pressing  between  the  rollers  of  the  satining  machine.  The 
different  varieties  of  paper  are  classed  under  tliree  denominations : — 

The  Different  Kinda      ^  Writing  and  drawing  paper,  the  smaller  kinds  of  copy  paper,  deed 
of  Paper.  paper,  the  finer  post  and  letter  paper,  and  vellum  letter  paper.     H^vr,^  . 

B.  Printing  paper  for  books,  as  diBtinguished  from  copy  printing,  deed  printing,  post 
and  vellum  printing,  note  and  copper-plate  printing  paper.  Silk  papers  for  valentines, 
ornamented  with  gold  or  silver,  and  printed  horn,  engraved  copper  plates. 

C.  The  looser  textured  papers,  such  as  unsized  parcel  paper ;  the  better  kinds  are  filter- 
and  blotting-papers.  Packing  paper  is  half-sized,  and  appears  as  a  yellow  straw  paper, 
blue  sugar  paper,  and  pin  and  needle  papers. 
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p.  Macliine  Paper. 

If annteetnre  of  Machine  Paprr.      Manufacturing  paper  by  hand  requires  much  time  and 

labour,  and  machinery  is  foimd  to  be  quite  as  efficient.      Endless  paper  of  any 

breadth  can  be  made  by  machinery  with  the  same  amount  of  strength  and  firmness 

as  hand  paper.    The  straight  form  and  the  vibrating  machine  are  used  for  finer  paper. 

1.  It  is  requisite  that  the  machine  should  make  the  pulp  of  a  suitable  consistence  by 
diluting  it  with  water. 

2.  Purify  the  whole-stuff  from  knots. 

3.  When  free  from  knots  work  the  material  by  means  of  regulators,  delivering  the  stuff 
from  the  form,  and  producing  by  the  uniform  flow  of  the  pulp  a  smooth  paper  \eaS  of  the 
breadth  required. 

4.  Be  so  regulated  that  the  stream  of  whole-stuff  may  form  a  sharply  turned  leaf. 

5.  Free  the  paper  leaf  from  water,  so  that  it  only  requires  drying  in  an  airy  chamber 
and  pressing. 

6.  For  removing  the  water,  steam  cylinders  are  principally  used. 

7.  The  finished  paper  is  cut  into  sheets  by  the  paper  cutting  machine. 

After  the  whole-stuff  is  thinned  to  a  consistence  easily  moved  by  water,  it  flows 
to  the  knotter,  placed  in  a  perforated  cylinder  of  sheet  brass,  which  is  supplied  with 
an  interior  mechanism  revolving  with  greater  velocity.  One  of  the  best  knotting 
machines  is  Mannhardt  and  Steiner's,  of  Munich.  After  the  whole-stuff  is 
purified  by  the  knotting  machine  it  passes  out,  and  the  whole-stuff  reservoir  is  sup- 
plied anew.  In  course  of  time  the  consistence  becomes  altered,  sometimes  producing 
a  thicker  sheet  than  required ;  this  variation  is  obviated  by  the  regulator,  an 
essential  in  the  paper  manufactory.  A  complete  paper  machine  is  shown  in  Figs.  204 
and  205.  The  drawing  is  divided  into  two  parts;  Fig.  205  is  seen  as  the  continua- 
tion of  Fig.  204.  After  the  whole-stuff  has  passed  from  the  knotting  machine,  a,  it 
flows  into  the  small  trough,  a\  and  is  forwarded  by  the  regulators  to  the  form.  The 
form,  a'  a",  is  an  endless  wire  sieve,  similar  to  the  vcUum  form,  the  upper  part 
extending  horizontally  over  a  number  of  copper  rollers.  The  forms  are  from  3  to 
4  metres  long,  and  i  to  i'6  metres  broad,  and  are  moved  by  means  of  a  band 
passing  over  pulleys.  Next  to  the  regulators,  a ,  the  rollers  lie  closer  together. 
The  form  of  course  has  a  double  motion,  advancing  in  the  direction  of  the  paper 
sheet,  which  is  carried  to  a  vacant  part  of  the  wire  and  deposited,  the  form  completing 
its  circuit  underneath.  Periodically  the  form  receives  a  shaking  or  vibratory  move- 
ment breadthways.  The  paper  has  sometimes  an  uneven  margin,  and  to  equalise  the 
substance  of  the  layer,  two  fine  brass  wires  are  placed  near  the  under  edge  of  the  form, 
while  leather  bands,  mm,  kept  in  place  by  the  pulley,  t,  are  placed  on  both  sides  of 
the  form  to  keep  the  sheet  straight,  the  bands  passing  through  a  vessel  of  water,  n, 
to  cleanse  them  of  the  adhering  pulp.  The  water  in  the  cistern,  c,  cleanses  the  wire- 
work  forms.  It  is  now  necessary  to  commence  the  drying  of  the  pulp;  this  is 
effected  by  an  air-pump,  or  preferably  by  suction  apparatus  placed  in  the  box,  dd^ 
over  which  tlie  whole  breadth  of  the  paper  sheet  passes.  After  the  paper  leaf  passes 
the  box,  it  is  pressed  under  a  wirework  cylinder,  ^,  under  which  is  a  corresponding 
cylinder ;  these  perforated  rollers  are  called  dandy  rollers.  The  paper  sheet  is  now 
somewhat  pressed  and  dried ;  the  empty  form  returns,  and  the  leaf  passes  free  from 
the  form  over  an  endless  felt  to  the  wet  press,  A  A,  which  consists  of  two  iron  rollers  ; 
one  glazing  the  paper,  the  other  passing  the  leaf  to  another  pair  of  rollers,  Vh\ 
Fig.  205,  which  press  and  dry  the  leaf.  The  paper  leaf  is  finally  submitted  to  the 
dry  press,  which  consists  of  a  larger  cast-iron  cylinder,  11,  v,  w,  intoriorly  heated  to 
nearly  130°  C.  by  steam.    These  cylinders  and  the  corresponding  rollei  3,  u\  v\  w\  are 


covered  with  felt.  By  the  donble 
pressii^,  tlie  paper  becomes  dry 
and  requireH  damping  before  Uie 
final  pressing.     The  press  u-w  ia 

not  so  offective  as  v  c.  as  it  dries  the 
surface  unevenly,  causing  one  side 
to  be  more  glazed  than  the  other. 
The  finished  paper  passes  under 
the  roller,  y,  to  the  windlass  J  and 
is  transferred  by  means  of  the  arm 
i,  to  the  windlass,/,  where  it  am  ea 
at  ils  journey's  end.  It  is  then  rut 
into  sheets  of  the  size  required  by 
the  paper- cutting  macliine. 

rtta-cauiat  mkMih.  When  finisl  e  i 
by  the  macbine,  the  paper  is  cit  off 
into  long  lengths  and  tolled  ly  hand 
for  the  manufactnrera  of  draning  ai  d 
wail  paper,  Bcene-painterH,  Ac  At 
toehed  to  a  large  wheel  is  a  knife 
whose  regular  strokes  cut  the  paper 
into  the  size  required.  The  chppmg 
machine  is  nsed  for  catting  (he  edges 

y.  Panteboard  ami  other  Paper 
■tikiDi  puubHid.    Paatebonrd  is  made 
in  three  ways : — 

1.  Byplacing  the  pulp  in  a  form- 
form -board. 

2.  By  pressing  several  damp 
.  sheets  to  form  a  thick  card — elastic 

pasteboard. 

3.  By  pasting  together  the  fiuislied 
paper  sheets — sized  pasteboard 

1.  Form-board  is  an  inferior  kind 
employed  for  ordinary  piirposea  ol 
packing,  bookbinding,  i£o.  It  is  made 
from  waste  paper,  refuse  ragu,  and  the 
coarser  parts  of  the  pulp.  Cla\  r 
chalk  is  sometimes  present  to  25  per 
cent  of  the  weight  of  this  pasti  Ik  urd 
It  is  made  in  a  coarse  ribbed  form 
goes  throngh  the  same  process  [ 
knotting  as  the  paper  sheet,  and  ts 
dried  and  preesed  under  a  roller 

2.  Blastio  pasteboard  is  of  better 
material  and  presents  a  smooth  or 
surface ;  sii  to  twelve  sheets  of  paper 
preriously  damped  ate  placed  together 
and  pressed  into  one  compact  sheet 
A  separate  and  harder  kind  of  paste 
board  is  the  thick  elastic  board  used 
for  binding  books.  The  inner  layer 
is  made  of  coarser  stuff,  sawdust  &e 
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Pajner-machS  is  used  for  fancy  articles,  snch  as  the  covers  for  albnms,  inkstands, 
blotting-books,  paper-knives,  Ac,  as  well  as  for  the  cells  of  galvanic  batteries.  It  is 
obtained  from  old  paper  made  into  a  pnlp  with  a  solution  of  lime,  and  gum  or  starch, 
pressed  into  the  form  required,  coated  with  linseed-oil,  baked  at  a  high  temperature,  and 
finally  varnished.  The  pulp  is  sometimes  mixed  with  clay,  sand,  chalk,  Ac,  and  other 
kinds  are  made  of  a  paste  of  pulp  and  lime,  and  used  for  ornamenting  wood,  inlaying,  Ac. 

coionred  Paper.      The  papers  made  from  coloured  rags  are  the  brown  packing  paper 

and  coarse  coloured  papers,  such  as  sugar  and  pin  paper.     Coloured  pin  paper 

requires  to  50  kilos,  of  dry  pulp  the  several  undermentioned  substances : — 

Voiinw  /  2"^5  ^os.  Acetate  of  lead, 

{ o  45      „     Bichromate  of  potash ; 

■Rl„p  1 2-05      „     Sulphate  of  iron, 

1 1  05      „     Ferrocyamde  of  potAsli ; 

Green  i^'^      "     ^^^^' 

^^^^^      1 1  05      „     Yellow; 

Violet      i'05      „     Extract  of  logwood ; 

Rose        600      „    Extract  of  Brazil  wood ; 

r>„ff  iS'oo      f»     Oil  of  vitriol, 

^^ 1 300      „     Chloride  of  Ume. 

Ultramarine  and  aniline  blue  are  also  used  in  colouring  the  paper.  In  variegated 
papers,  chemical,  mineral,  and  vegetable  colourings  are  used  according  to  the 
required  colours.  Body  colours  are  rendered  fluid  by  a  solution  of  gum  arable  or 
alum  in  the  size,  which  can  be  applied  by  a  brush  or  sponge  when  only  one  side  is 
to  be  coloured.  Variegated  and  tapestry  papers  are  an  important  part  of  the 
manufacture. 

Parehment  Paper.  Parchment,  although  made  of  animal  membranes,  is  often  con- 
founded with  vegetable  parchment  {phytopergamet) .  The  latter  is  made  of 
unsized  paper  treated  with  sulphuric  acid  or  a  solution  of  chloride  of  zinc  : — i  kilo, 
of  concentrated  sulphuric  acid  and  125  grms.  of  water,  in  which  the  paper  is  immersed 
80  as  to  equally  affect  both  sides.  The  length  of  time  differs  according  to  the  quality 
of  the  paper,  the  thicker  or  firmer  paper  taking  a  longer  time  to  saturate  ;  soft  paper 
will  take  five  to  ten  seconds.  It  is  then  placed  in  a  weak  solution  of  sal-ammoniac, 
rinsed  in  water  until  no  trace  of  the  acid  remains,  and  then  dried.  When  these  opera- 
tions are  effected  mechanically,  a  steam  machine  first  pulls  the  endless  paper  through 
a  vat  of  sulphuric  acid,  then  through  w^ater,  sal-ammoniac,  and  again  water,  tlie 
paper  passing  on  over  cloth  rollers  to  dry,  and  finally  over  polished  rollers  to  press 
and  glaze  the  surface. 

Parchment  paper,  as  a  rule,  is  of  one  colour;  when  dipped  into  water  it  is 
rendered  soft  and  limp.  It  is  used  for  documents,  deeds,  records,  &c.,  also  for 
drawing  plans,  charts,  bookbinding,  printing,  and  cards. 

Starch. 
Starch  granules,  one  of  the  vegetable  substances  most  extensive  in  nature,  always 
appearing  organically,  are  the  foundation  which,  chemically  treated,  peld  starch  as 
commercially  known.  Starch  is  found  in  most  organic  combinations  considered  in 
chemistry  and  morphology,  and  in  which  cellulose  is  necessarily  a  component, 
being  closely  allied  to,  if  not  really  isomeric  with,  this  vegetable  substance ;  its 
formula  is  C6H10O5.  In  following  its  connections  it  becomes  tlie  starch  that, 
by  means    of  chemical    and  physical   agents,    in  the  preparation  of  starch   gum 

(soluble  starch -dextrine)  and  sugar  forms  one  of  the   most   important   substances 
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presented  te  tha  consideration  of  the  technologist.  It  seldom  appears  in  a  large 
granular  form,  but  presents  itself  as  a  white  glistening  powder,  which  tipon  micro- 
soopie  examination  seems  to  be  made  up  of  various  rounded  bodies  with  rings  con- 
centric t«  a  central  spot ;  these  lines  are  more  ploinlj  indented  and  cover  a  greater 
extent  in  some  than  in  others,  whilst  the  interior  of  the  grain  appears  hollowed. 
The  granules  from  different  plants  vary  in  size  and  form ;  those  from  wheat  being 
BmsUer,  whilst  those  from  tropical  products  are  thiclcer  and  more  lenticular.  Pajen 
gives  tbelargestdimensionofthegrsnulcB  as  O'ooi  millimetre ;  from  his  researches 
we  gain  also  the  following  examplea  : — 

Starch  gronuleB  from  close  Potatoes 185 

„  „  „     ordiaary  Potatoes 140 

„  „    Marania  indica 140 

„  „  „    Beans 74 

„  „  „    Sago  psJm 70 

„  „  „    Iceland  meaa     67 

"  11  ','.    Wheat '.'.     '.'.     '.'.       50 

,.  „  „    Indian  com       50 

Fig.  306  shows,  according  to  Schleiden.  granules  of  potato  starch,  and  Fig.  207  of 
wheat  starch.  The  potato  has  a  larger  granule,  and  sometimes  gives  a  finer  powder 
than  wheat. 

KmimstBtudi.  The  usoal  starch  contains  in  its  dry  state  nearly  18  per  cent  water, 
and  in  this  stete  has  a  tendency  to  form  itself  into  globules;  it  has  been  proved  that 
ex|>osed  to  a  damp  atmosphere  it  absorbs  33*5  pet  cent  water.     Starch  is  insoluble  in 
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cold  water,  alcohol,  ether,  and  oil.  At  a  temperature  of  160°  starch  yields  dextrine. 
Starch  mixed  with  twelve  to  fifteen  times  the  qosnti^of  warm  water  at  a  temperature 
of  35°  varies  little  in  snbstsnce ;  at  a  temperature  of  55°  to  58°  it  begins  to  change, 
the  higher  temperature  making  the  fluid  thicker.  Lippmann  says  that  potato  starch 
is  sfiected  at  615",  wheat  starch  at  675°,  When  boiled  the  granules  burst  and  form  a 
gelalinoQS  mass,  wliich.  largely  diluted  with  water,  can  be  made  of  a  consistence  to  be 
filtered  through  paper,  and.  when  allowed  to  cool,  sete  in  a  JeUy.  A  stiffer  paste, 
according  to  J.  Weisner  (1S68)  is  made  from  Indian  com  than  fnmi  the  potato  or 


STARCH.  357 

wheat.  The  longer  the  starch  is  boiled  the  stififer  the  paste  becomes,  i  part  of  starch 
separating  in  50  parts  water,  and  upon  cooling  setting  into  paste  of  a  blue  or  violet 
hue.  Dry  starch  possesses  a  specific  weight  of  1*53.  Alkalies  and  dilute  acids, 
with  lime,  tend  to  re-form  the  granules ;  when  boiled  with  2  per  mille  of  oxalic  acid, 
the  starch  loses  its  consistence,  becoming  thin,  and  changing' into  a  soluble  substance 
called  dextrine.  Starch  treated  with  almost  any  dilute  acid,  or  with  diastase 
obtained  from  an  infusion  of  malt,  at  the  proper  temperature  is  converted  into 
dextrine,  forming  a  liquid  which  after  a  few  hours'  standing  can  be  made  into 
sugar.  Starch  is  soluble  in  the  cold  in  concentrated  nitric  acid;  water  dropped 
into  this  solution  precipitates  the  granules  as  an  explosive  combination.  Und^ 
the  name  of  xylodine,  or  white  gimpowder,  this  combination  has  lately  been 
employed  for  pyrotechnical  experiments.  By  boiling  starch  with  concentrated  nitric 
acid,  a  formation  of  oxalic  acid  is  obtained,  evolving  nitrous  vapours.  Starch  paste 
upon  exposure  to  the  atmosphere  becomes  sour,  forming  lactic  acid. 

Sources  of  suueh.  £ut  few  Vegetables  yield  starch  in  large  quantities:  the  potato 
yields  20  per  cent ;  wheat  55  to  65  per  cent ;  rice  70  to  73  per  cent ;  and  the  roots  of 
Jatropha  Manihot  and  Maranta  arundinacea^  palm  pith,  and  the  Canna  coccinea, 
similar  quantities.  In  Germany  starch  is  prepared  only  from  potatoes,  rice,  and 
wheat,  the  latter  yielding  a  greater  quantity  of  gum,  and  potato  starch  being  thinner 
and  not  so  gelatinous. 

staieh  from  Poutoet.      Potatocs  foHu  an  important  material  in  the  manufacture  of  starch ; 

their  constitution  is  as  foUows : — 

Newly  dug  Potatoes 

Potatoes.  dried  at  100*^. 

Water 75*1  — 

Albumen ..     ..  2*3  9*6 

Fatty  matter      0*2  0*8 

Cellulose     0'4  1*7 

Salts I'o  4*1 

Starch 21*0  83*8 

100*0  100*0 

They  contain  28  per  cent  dry  substance,  or  23  per  cent  insoluble  substance,  and 
77  per  cent  sap.  The  starch  found  in  potatoes  is  of  cellular  construction  ;  the  ceU 
walls  require  breaking  up  to  fit  it  for  manufacture.  Fig.  208  shows,  according  to 
Schleiden,  a  fine  specimen  of  a  healthy  potato  under  the  microscope.  On  the  outside 
of  the  potato  a  layer  of  flat,  pressed,  brown  cells  are  found,  sometimes  appearing 
in  a  patch,  a,  forming  the  outer  skin  of  the  potato,  and  covering  the  cells,  6,  which 
sometimes  contain  a  finer  grain,  but  mostly  a  clear  fluid.  These  cells  become 
wider  as  they  near'  the  interior  of  the  potato.  The  series  of  cells,  Cy  enclose  the 
inner  cells,  d,  the  pith  of  the  potato.  When  the  potato  is  dried,  the  cells  separate 
from  each  other,  as  in  Fig.  209,  a  specimen  of  a  mealy  potato.  The  starch  granules 
swell  in  each  cell,  the  cells  uniting  in  reticulated  streaks.  The  process  of  manufac- 
turing starch  consists  in : — 

1.  Triturating  the  fresh  potato. 

2.  Washing  the  starch  granules  from  the  pulp. 

3.  Purifying  and  drying  the  starch. 

The  potatoes  are  placed  in  a  grinding  cylinder,  which  formerly  consisted  of  wood,  with 
iron  plate  rollers  placed  half  way  in  water  to  cleanse  the  pulverised  potato  pulp.  Of  late 
grinding  cylinders  with  saw-teeth  are  used  (Thierry's  machine).  The  saw-blades  have 
short  teeth,  lacerating  the  cells  to  obtain  the  starch  granules,  which  mere  gentle 
washing  and  grinding  would  not  effect ;   the  cylinder  revolves  600  to  700  times  a  minute. 
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One  cjlinder  with  knives  o'jo  metre  in  length  and  Ekw.bladeB  of  0-40  metre,  can  grinl 
fourteen  to  fifteen  batches  in  an  hoiii  to  a  pulp,  which  ie  afterwards  sabmitted  to  the 
procesa  of  woBhing.  A  a^liadrical  metal  sieve  ie  generally  need  for  seimrating  the 
starch  grauoleB  from  the  potato  pulp ;  it  contains  a  pair  of  bniBbes  slowly  rotating, 
whilst  water  is  supplied  to  the  sieve  to  wash  the  pnlp,  which  is  ground  to  a  consistence 
that  will  admit  of  its  readily  flowing  oB,  in  order  that  fresh  pnlp  may  be  received  on  ths 
sieve.  The  starch  graimleB  are  Huependod  in  the  water  strained  off,  and  finally  settle  to  the 
bottom  as  a  soft  white  powder-  Laine'a  anintemipted  cleansing  sieve  is  now  generally 
used;  it  aonsiBta  of  a  series  of  wire-work  fromeH  placed  over  a  trongh.  The  potato  pnlp 
flows  from  the  grinding  cylinder  to  a  space  under  the  deuiging  sieve,  from  thence  over 
two  gratings,  where  the  palp  is  cleansed  by  a  stream  of  water  playing  all  over  it,  the 
granules  settling  down  at  the  bottom  of  the  trongh.  The  granules  are  then  crashed 
between  steel  rollers  to  separate  the  starch  from  the  fibre-  So  to  100  cwts-  potatoes  caa 
Hb  thns  prepared  in  a  day-  From  the  above  mothod  of  firepoiing  starch  from  the  potato 
we  gain  the  general  principles  of  such  operations.  The  structure  of  the  potato  is  shown 
to  be  partly  chemical,  partly  mechanical,  aod  by  destroying  the  latter  we  gain  starch,  which 
ia  separated  after  the  potato  puJp  has  been  standing  eight  days,  when  it  becomes  a  white 
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pasty  mass  containing  starch.  This  is  placed  in  a  coarse  sieve,  which  retains  a  greater 
port  of  the  fibre,  another  finer  hair  sieve  being  nsed  to  receive  the  starch  and  finer 
fibre,  separated  from  each  other  by  means  of  a  cleansing  apparatus,  which  washes  the 
fibre  away,  leaving  the  starch  granules  and  sngsr  behind. 

Dijinf  uw  PMUo  surrii.  The  result  of  the  washing  is  a  mili-like  fluid,  which  settles  at 
the  bottom  of  the  trongh  as  starch ;  it  is  then  miied  with  fresh  water  and  allowed  to 
BoUdify  into  a  hard  Bubstance,  which  is  cut  into  pieces,  poured  npon  a  linen  cloth  placed 
on  abntdle,  with  a  pi  aster -of -Paris  vessel,  or  a  vessel  containing  gypanm,  nndemeath,  to 
dry  the  starch.  After  being  watered  and  left  to  stand  lor  twenty-four  hours,  the 
starch  dries  to  the  thickness  of  i  decimetres  upon  the  gypsuio-  Of  late  the  water  has 
been  removed  by  a  centrifugal  machine.  The  moist  starch  contains  33  per  cent  water 
and  ia  called  fresh  starch.  The  average  temperature  of  the  drying  rooms  is  not  over  60°. 
When  the  starch  is  dried  it  is  broken  into  pieces  by  iron  rollers-  The  stalk  or  whole 
Btaroh  is  made  by  boiling  to  a  thick  paste,  which  is  forced  by  machinery  through  a  small 
opening  into  a  trough,  where  it  dries  in  a  kind  of  moold- 

rnvutiongtwiHtsureii.  Accordiug  to  M.  0.  Dempwolf,  1869,  the  nnprepued  vlieat 
contains:— 

Water     lO'S' 

Ash I'SO 

Gum        M-35 

Btaroh 6540 

Fatty  and  woody  fibre         8-i4 
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From  the  constituent  parts  of  wheat  it  is  seen  that : — 

Starch 

Gum 

Husk 


are  insoluble  in  water. 


Salts 

Albmuen  1^  are  soluble. 

Dextrine 

The  first  three  are  insoluble,  the  gum,  however,  being  gradually  dissolved  by  the 
lactic  acid  developed  from  the  seed,  while  the  starch  and  husk  remain  unattacked. 
The  different  modes  of  preparing  wheat  starch  are,  namely : — 

A.  By  fermentation  (old  method)  of  the — 

a    Unground  Uy^^ 
p.  Ground       ) 

B.  New  mode  of  treatment  without  fermentation. 

Tlic  old  method  consists  of  the  following  operations : — 

1.  Fermenting  the  wheat. 

2.  Washing  the  starch  from  tlie  mass. 

3.  Wasliing  and  cleansing  the  starch. 

4.  Drying  the  starch. 

The  whole  wheat  is  soaked  in  water  until  soft.  The  seed  is  separated  from 
the  husk  either  by  treading  in  sacks  in  a  flat  tub  of  water,  or  by  being  placed  under 
rollers,  and  the  pulp  thinned  with  water  to  a  milky  fluid,  in  which  a  greater  part  of 
the  starch  and  gum  are  found.  After  standing  a  day  this  fluid  turns  acid ;  a  part 
of  the  gum  becomes  diluted  by  tlie  action  of  the  lactic  and  acetic  acids,  and  is  taken 
away  and  replaced  by  fresh  water,  tlie  same  process  being  gone  through  until 
the  fermentation  ceases,  when  tlie  starch  is  washed  with  water  and  dried.  In  the 
fermentating  tub  it  form?  with  the  water  a  tliin,  sour  pulp.  The  time  varies 
according  to  the  temperature ;  aU  the  gum  is  not  separated  until  about  twelve  to 
thirty  days.  The  sour  water  contains  acetic  acid,  lactic  acid,  butyric  acid,  succinic  acid, 
ammoniacal  salts,  and  the  mineral  constituents  of  the  wheat.  The  mass  is  then  placed 
in  a  sack  and  trodden,  the  milky  fluid  being  allowed  to  escape,  leaving  the  husk  and 
refuse  gum  behind.  The  milky  fluid  containing  starch  is  strained  tlirough  a  fine 
hair  sieve  and  washed  mth  water.  Another  metliod  is  that  of  placing  the  milky 
fluid  in  a  tub  and  allowing  it  to  settle.  The  first  layer  of  the  sediment  is  fine 
starcli,  next  a  mixture  of  starcli,  husk,  and  gum,  the  last  layer  containing  but  little 
starch.  In  the  preparation  a  little  ultramarine  blue  is  added  during  the  cleansing 
process.  Of  late  the  centrifugal  machine  has  been  used  for  the  purpose  of  drying 
the  starch. 

l*reparing  wheat  starch  without  fermenting : — 

According  to  E.  Martin's  treatment,  wheat  flour  is  mixed  with  water  to  a  paste, 
100  parts  flour  to  40  parts  water  ;  the  paste  remains  i  to  2  hours  to  aflcct  the  gum, 
and  is  then  washed  in  a  fine  wire  sieve  placed  over  a  tub.  The  starch  is  found  at  the 
bottom  of  the  tub  mixed  with  water,  and  is  placed  in  a  warm  spot  to  ferment 
slightly.  It  is  dried  in  a  mass,  and  goes  through  similar  processes  to  the  other 
starch,  being  made  into  stalk  and  powder  starch,  and  sold  in  packets. 

100  parts  of  wheat  flour  yield  25  per  cent  of  gum  {tjluten,  gluten  granule),  with 
33  per  cent  of  water ;  the  fresh  gluten  is  mixed  \vith  a  double  weight  of  floor,  the  paste 
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rolled  into  long  strips,  and  ground  into  granules,  which  become  dry  at  30  to  40°,  and 
are  afterwards  sifted.  The  consumption  of  this  granular  gum  is  extensive,  it  being 
employed  for  food  (i^th  ordinary  flour  as  macaroni),  art  purposes,  and  manu- 
facture. 


CoiMtitnents  and  Vtet  of 
Oommerelml  Starch. 

According  to  M.  J.  Wolff,  the  bonstituents 

of  comm 

ercial  stf 

are  as  follows : — 

I. 

2. 

3-                 4- 

5. 

6. 

Water   .. 

17-83 

15-38 

1452            17-44 

14*20 

17-49 

Gum 

o-io           traces 

1-84 

496 

Fibre     .. 

0*48 

0*50 

1-44              1*20 

3'77 

2*47 

Aflh 

0'2I 

0-53 

0-03             p-40 

0*55 

1*29 

Starch  .. 

81-48 
lOO'OO 

83-59 

lOO'OO 

83-91            81-32 

79-63 
100*00 

7379 

• 

loo'oo          100-00 

100*00 

I.  The  finest  white  patent  starch  in  stalks,  of  a  bright  and  crystalline  appearance, 
made  from  pure  potato  starch.  2.  The  finest  blue  patent  starch,  potato  starch 
coloured  with  ultramarine.  3.  Pure  wheat  powder.  4.  Fine  wheat  starch  in  pieces. 
5.  Medium  fine  wheat  starch  in  yellowish-white  pieces.  6.  Ordinary  wheat  starch 
in  greyish-yellow  coarse  pieces,  that  upon  microscopic  examination  appear  as  a  mix- 
ture of  potato  and  wheat  starch.  Starch  is  used  for  stiffening  domestic  articles  in 
washing,  for  stiffening  paper,  and  extensively  in  linen  and  cotton  manufacture, 
in  gum,  syrups,  sago,  vermicelli,  &c.  It  is  also  a  basis  from  which  we  can  obtain 
sugar.  Potato  starch  is  preferred  for  domestic  washing,  but  where  great  stif&iess  is 
rec^uisite,  wheat  starch  is  used,  as  in  bookbinding,  &c.  In  wheat  starch,  the  paste  is 
formed  of  closely  united  gelatinous  particles,  which  are  more  widely  disseminated  in 
potato  starch,  the  latter  being  transparent  and  more  suitable  for  stiffening  fine  linen, 
ironing  smoother,  and  not  sticking.  Wheat  starch  will  keep  fresh  upon  exposure  to 
the  atmosphere  longer  than  potato  starch,  the  latter  turning  sour  after  a  day's 
standing. 

According  to  C.  Wiesner,  1868,  maize  starch  possesses  the  highest,  wheat  the  next, 
and  potato  starch  the  most  inferior  stiffening  qualities.  Maize  and  wheat  are  consi- 
dered the  best  for  forming  a  smooth  equal  paste.  Sugar  can  be  prepared  from 
starch  by  means  of  the  active  principle  of  malt — diastase.  From  this  sugar,  again, 
brandy  and  spirits  can  be  distilled.  According  to  the  researches  of  Liidersdorff : — 
100  pounds  of  potato  starch  need  25*5  poimds  of  dry  malt,  and 
100  poimds  of  wheat  starch     „    905        „  „ 

to  effect  the  full  conversion  of  the  starch  into  sugar. 

^iSh  ^^wiS*Bt£?h  ^^^  starch  is  largely  manufactured  in  England,  France,  and  Bel- 
Arrow-Root.  '  gium.  To  extract  the  gum,  rice  is  placed  in  a  bath  of  weak  soda 
solution — 287  grms.  of  caustic  soda  to  the  hectolitre.  After  standing  twenty-four  hours, 
the  rice  grain  becomes  softened,  and  is  then  washed,  ground  between  rollers  or  mill- 
stones, and  placed  on  a  sieve  with  brushes  to  retain  the  husk  or  bran.  The  water 
strained  off  contains  the  starch,  which  is  washed,  dried,  and  manufactured  into  the  form 
required.  The  gum-containing  alkaline  ley  beiDg  neutralised  with  sulphuric  acid  is  fit  for 
inferior  uses.  J.  and  J.  Colman's  rice  starch  manufacture  employs  1000  workpeople,  and 
the  result  of  their  manipulation  is  used  as  the  customary  washing  starch,  the  stiff er  and 
brighter  starch  for  ball  dresses,  window  hangings,  and  for  the  size  in  paper  manufacture. 
£1  France  the  chestnut  is  used  for  the  manufacture  of  starch.  Chestnuts  produce  a 
starch  possessing  the  evenness  of  potato  starch  with  the  stiffness  of  wheat  starch. 
100  partis  of  the  fresh  bitter  chestnut  give  19  to  20  per  cent  dry  starch. 

Arrow-root  is  obtained  from  the  Maranta  arundinacea^  and  M,  tndtca,  cultivated  in  the 
West  Indies ;  it  is  very  hke  potato  starch,  and  is  prepared  in  a  similar  manner.  Cassava 
starch  is  made  from  the  root  of  Jatropha  Manihot,  or  Manihot  utilUHma,  and  3f.  Aipin, 
largely  cultivated  in  South  America,  the  West  Indies,  and  the  Brazils. 
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Cassaya  is  used  as  an  article  of  consnmptioii  both  in  Europe  and  the  tropics.  The 
root  of  the  manioc  is  thoroughly  purified  from  its  poisonous  juice,  being  coarsely 
ground  to  allow  the  sap  to  escape,  and  roasted  in  an  earthenware  vessel, 
the  cassava  forming  into  granules  on  the  sides  of  the  vessel  {Ccuiava  iogo,  or 
Manioka),  the  prussic  acid  contained  in  the  root  becoming  volatilised.  From  arrow- 
root and  the  analogous  roots  containing  a  poisonous  juice,  arrow-root  derives  its 
name,  having  been  used  by  the  Indians  as  a  poison  for  the  tips  of  their  arrows.  Its 
components,  according  to  Benzon,  in  loo  parts,  are — ^Volatile  oil,  o'oy  parts ;  starch, 
26  parts ;  89  per  cent  of  the  starch  being  obtained  in  a  powder,  while  the  remainder 
is  extracted  from  the  parenchyma  by  boiling  water;  albumen,  1*58  parts;  gum,  o'6 
part ;  chloride  of  calcium,  025 ;  insoluble  fibrin,  6  parts ;  and  water,  65*5  parts. 
It  is  known  in  commerce  in  several  varieties,  viz. : — Portland  arrow-root,  Arwn 
vulgare;  East  India  arrow-root.  Curcuma  augustifolia ;  Brazillian  arrow-root, 
Jatropha  Manihot ;  English  arrow-root,  from  the  starch  of  the  potato ;  Tahiti  arrow- 
root, Tacca  oceanica. 

Sago.  Sago  is  made  from  the  soft  central  portion  of  the  stem  of  the  palm,  Sagus 
Bumphii.  According  to  J.  Wiesner,  the  Guadeloupe  sago  is  prepared  from  Baphia 
farinifera,  and  an  East  Indian  variety  from  Caryota  urens.  The  stem  is  torn  to  fila- 
ments and  elutriated  on  a  sieve  with  water.  The  starch  obtained  is  then  washed, 
dried,  and  sifted  into  a  copper  plate,  where  it  remains  a  hard  granular  substance.  A 
greater  part  of  the  common  sago  is  manufactured  from  potato  starch,  coloured  with 
oxide  of  iron  or  burnt  sugar. 

nextrine.  Dextrine,  gommeline,  moist  gum,  starch  gum,  or  Alsace  gum,  isomeric 
with  gum  arabic,  and  expressed  by  the  formula,  C6H10O5,  is  formed  by  boiling 
starch  with  a  small  quantity  of  almost  any  dilute  acid,  which  thins  its  consistence, 
and  converts  it  into  a  soluble  substance  similar  to  gum  arabic.  It  is  soluble  in  cold 
water,  insoluble  in  absolute  alcohol,  but  slightly  soluble  in  weak  spirits  of  wine. 
Dextrine  derives  its  name  from  dexter ^  the  right,  from  the  action  of  this  substance  on 
polarised  light,  twisting  the  plane  of  polarisation  towards  the  right  hand.  Dextrine 
in  grape  sugar  is  converted  into  dextrose  by  the  action  of  dilute  acids.  Dextrine 
solution  does  not  ferment  with  yeast ;  but  a  little  yeast  mixed  with  a  large  quantity 
of  gelatinous  starch,  at  a  temperature  of  I6o^  quickly  liquefies  it,  dextrine  being  pro- 
duced, the  greater  part  of  which,  if  allowed  to  stand,  becomes  converted  into  grape 
sugar.  From  this  decomposed  dextrine  a  cheap  and  largely  employed  substitute  for 
gum  arabic  is  obtained.  The  components  of  this  decomposed  dextrine,  according  to 
the  analyses  of  R  Forster  (1868)  are : — 

Dextrine 7245  7043  6360  5971  4978  534 

Sugar      877  1*92  7*67  576  1*42  0*24 

Insoluble  substances  13' 14  i9'97  ^4*50  20*64  30*80  86*47 

Water     564  7*68  14*23  13*89  18*00  7*95 

lOO'OO    lOO'OO    lOO'OO     lOO'OO     100*00    lOO'OO 

Potato  starch  is  preferable  to  wheat  starch  for  the  manufacture  of  this  material, 
not  only  on  account  of  its  cheapness,  but  for  its  greater  purity  at  an  equivalent 
price.  • 
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Dextrine  is  prepared  by  : — 

a.  Gently  roasting. 

b.  Carefully  treating  with  nitric  acid. 

c.  Boiling  with  dilute  sulphuric  acid. 

d.  Treating  with  malt  extract  (diastase). 

Preparing  dextrine  by  means  of-  gentle  heat  is  an  easy  operation.  The  starch 
is  roasted  until  it  becomes  brown-yellow  in  colour,  in  a  large  copper  or  iron 
plate  cylinder,  similar  to  a  coffee  drum,  situated  on  one  side  of  the  oven.  Dextrine 
is  formed  at  a  temperature  of  225  to  260°.  According  to  Heuz6,  the  following  is  a 
better  method : — 2  kilos,  of  nitric  acid,  of  14  specific  weight,  with  300  litres  of  water, 
are  mixed  with  1000  kilos.  ( =  20  cwts.)  of  starch,  and  boiled  to  form  a  mass,  which, 
when  exposed  to  the  air,  becomes  dry.  It  is  sometimes  affected  at  8o%  but  it 
becomes  a  paste  at  100°  to  1 10^.  The  starch  changes  into  dextrine  in  an  hour  or  an 
hour  and  a  half  at  the  most ;  it  is  white  and  soluble  in  water.  Sulphuric,  hydro- 
chloric, and  lactic  acids  will  produce  dextrine ;  and  by  the  addition  of  water  to  dex- 
trine, dextrine  syrup,  or  gum  syrup,  is  obtaiued. 

Dr.  Vogel  gives  a  simple  experiment  to  illustrate  the  action  of  dilute  sulphuric  acid 
upon  starch.  Nearly  all  kinds  of  writing  paper  are  so  very  largely  sized  with  starch,  that 
if  figures  or  letters  are  traced  on  the  paper  with  very  dilute  snlphnrio  acid,  and  then  dried, 
the  application  of  iodine  in  a  dilute  solution  wiU  impart  a  blue  tinge  to  that  portion  of 
the  paper  not  affected  by  the  acid,  the  characters  remaining  white. 

Dextrine  is  extensively  used  instead  of  gum  arable  in  printing  -wall  papers,  for 
stiffening  and  glazing  cards  and  paper,  for  lip  glue,  surgical  purposes,  wines,  and  in 
the  fine  arts  it  is  applied  in  many  ways. 

Sdgar  Manufacture. 

Hiitory  of  sofar.  Sugar  has  been  known  in  the  East  Indies  and  China  since  a  very 
remote  period.  In  Europe  honey  was  used  for  sweetening  purposes  in  the  olden 
time,  and  although  sugar  was  known  to  the  inhabitants  of  Greece  and  Italy,  the 
commercial  intercourse  with  India  being  limited,  it  was  but  little  used  until  the  timo 
of  Alexander  the  Great.  After  the  conc^uest  of  Arabia  sugar-canes  were  propagated 
in  Western  Asia,  Africa,  and  Southern  Europe.  The  Crusaders  became  acquainted 
with  this  useful  product,  and  the  Venetians  began  to  cultivate  it  about  that  time  in 
Europe  and  Northern  Africa.  Malta,  Cyprus,  Candia,  and  Egypt,  yielded  the  first 
sugar-cane,  which  was  next  cultivated  in  Sicily,  Spain,  Portugal,  and  the  Canary 
Islands,  about  1420.  In  1506,  sugar  was  cultivated  in  the  West  Indies,  Brazil, 
Haiti,  and  in  many  islands  of  the  Indian  Ocean.  Cane  sugar,  a  substance  found  in 
the  juice  of  various  grasses,  was  first  discovered  in  South  America.  Hitter  mentions 
it  as  a  plant  capable  of  great  cultivation,  to  be  found  in  different  parts  of  the  globe — 
eastwards  from  Bengal  to  China ;  westwards,  the  Indies,  North  Africa,  Southern 
Europe  to  America.  Slaves  were  imported  to  cultivate  tlie  sugar-canes  in  North 
America  in  1800,  when  the  first  cultivation  commenced,  and  sugar,  which  until  now 
had  been  a  curiosity  and  a  luxury,  being  chiefly  used  for  medicinal  purposes,  became 
one  of  the  daily  necessaries  of  life.  The  art  of  extracting  sugar  from  the  canes  and 
refining  the  raw  product  soon  became  known,  and  this  useful  article  of  food  was 
extensively  manufactured. 

Matnn  of  sogAr.       Sugar  is  kuowu  as  cane  sugar  and  grape  sugar,  dextrose,  glucose, 
crumbling  sugar,  starch  sugar,  potato  sugar,  and  coarse  raw  «ugar  or  fruit  sugar. 


SVOAR. 
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Cane  sugar  is  prepared  from  the  sugar-cane,  maize,  the  Afidropogon  glycichylumy  the 
sap  of  the  sugar  maple,  the  hirch,  the  sweet  turnip,  and  carrot.  According  to 
W.  Stein,  8  per  cent  of  sugar  is  found  in  the  root  of  the  madder.  The  pumpkin,  melon, 
banana,  and  most  of  the  species  of  palms  yield  sugar.  Cane  sugar  has  the  formula 
C12H22O11.  The  crystallised  sugar,  known  as  sugar-candy  is  hard  and  has  a 
sp.  gr.  of  1*6 ;  it  is  unaffected  by  exposure  to  the  air,  and  when  heated  at  a  tempera- 
ture of  180"  it  dissolves  into  a  sticky  colourless  fluid,  which  upon  rapid  boiling 
resolves  itself  into  a  pliant  imcrystallised  mass,  commonly  known  as  barley-sugar. 
At  a  veiy  high  temperature  it  becomes  black  and  decomposed.  At  210°  to  220°  cane 
sugar  becomes  a  dark  brown  substance  termed  caramel,  used  in  colouring  spirits  and 
for  other  purposes.  Sugar  has  a  pure  sweet  taste,  is  soluble  in  one-third  of  its  weight 
of  cold  water ;  by  continued  boiling  it  loses  its  power  of  crystallising.  It  is  insoluble 
in  absolute  alcohol  and  ether,  but  soluble  in  dilute  alcohol,  especially  when  warmed. 
Oerlach,  1864,  gives  in  the  following  table  the  specific  weight  of  sugar  solutions 
with  the  corresponding  percentage  of  cane  sugar  at  17*5°  C. : — 


Percentage 

Specific 

Percentage 

Specific 

Percentage 

Specific 

Cane  Sugar. 

weight  Sol. 

Cane  Sugar. 

weight  Sol. 

Cane  Sugar,  weight  Sol. 

75 

1-383342 

49 

1*227241 

24 

1101377 

74 

1376822 

48 

1*221771 

23 

r 096792 

73 

1370345 

47 

1*216339 

22 

[  092240 

72 

1-363910 

46 

1210945 

21 

I  08772 1 

71 

1-357518 

45 

1*205589 

20       ] 

1083234 

70 

1-351168 

44 

1*200269 

19 

c 078779 

69 

1-344860 

43 

I -194986 

18       ] 

[  074356 

68 

1-338594 

42 

1*189740 

17       ] 

[•069965 

67 

1332370 

41 

1*184531 

16       ] 

[*o656o6 

66 

1-326188 

40 

1179358 

15       3 

[*o6i278 

65 

1*320046 

39 

1*174221 

14       1 

[056982 

64 

1*313946 

38 

1-169121 

13       3 

[  0527 16 

63 

1-307887 

37 

1*164056 

12       ] 

[*048482 

62 

1-301868 

36 

I -1 59026 

II       ] 

[*044278 

61 

1-295890 

35 

1*154032 

10       ] 

[  040 1 04 

60 

1-289952 

34 

1*149073 

9     ] 

[035961 

59 

1-284054 

33 

1*144150 

8     ] 

[-031848 

58 

1-278197 

32 

1*139261 

7     3 

[-027764 

57 

1-272379 

31 

I -134406 

6     ] 

[-023710 

56 

1-266600 

30 

I- 129586 

5     1 

[•019686 

55 

I -26086 1 

29 

I -124800 

4      3 

[-015691 

54 

1-255161 

28 

I -1 20048 

3       3 

:-oii725 

53 

I -249500 

27 

1-115330 

2       ] 

[007788 

52 

1-243877 

26 

1*110646 

I       ] 

[•003880 

51 

1*238293 

25 

1*105995 

0       ] 

[-000000 

50 

1-232748 

A  watery  solution  turns  the  rays  of  polarised  light  to  the  right  hand.  I>ilnte 
sulphuric  and  muriatic  acids,  with  most  of  the  organic  and  mineral  acids,  tend  to 
convert  cane  sugar  solutions  into  a  mixture  of  dextrose  and  levulose  according  to 
the  equation:— 

CiaH2aOii-fHaO=C6H„06+C6Hxa06. 


Cane  sugar  or 
sucrose. 


Dextrose     Levuloie. 
(glucose). 

From  the  above  it  may  be  deduced  that  cane  sugar  is  found  only  in  the  neutral 
juices  of  plants,  while  juices  like  that  of  the  grape  containing  free  add,  tartaric, 
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malio,  and  citric  acids,  can  yield  only  levulose  and  glucose.  By  treating  with  yeast 
the  sugar  separates  and  produces  the  usual  alcoholic  fermentation  products, 
alcohol,  carhonic  acid,  glycerine,  &c.  Cane  sugar  enters  into  combination  with 
the  hydroxides  of  calcium  and  barium,  forming  iaccharates,  which  in  the  preparation 
of  sugar  on  the  large  scale  are  of  great  interest.  The  sugar  solution  containing 
hydroxide  of  calcium  becomes  especially  interesting  as  being  the  origin  of  the  appli- 
cation of  lime  to  the  refining  of  cane  and  beet-root  sugars,  the  hydroxide  of  calcium 
forming  a  clear  fluid  with  a  raw  sugar  solution  containing  CiaHsaOn,  becoming  dull 
upon  standing,  the  sediment  containing  CiaH^flOn.OaO.  Carbonic  acid  gas  has  of 
late  been  applied  to  the  sugar-lime  solution,  the  lime  thrown  down  as  carbonate  and 
the  sugar  separating  and  becoming  colourless  in  the  solution.  Preparing  cane 
sugars  with  hydroxides  of  barium  gives  rise  to  sugar  barytes,  CiaHaaOnBaO,  worthy 
of  notice  as  being  insoluble  in  water  and  originating  the  method  of  extracting  sugar 
from  the  juice  of  beet-root  and  molasses  with  caustic  baryta.  Sugar  barytes  is 
decomposed  by  means  of  carbonic  acid.  An  explosive  mixture  is  formed  with  nitric 
and  concentrated  sulphuric  acids  and  sugar,  and  known  as  nitro-sugar.  Cane  sugar 
when  mixed  with  a  solution  of  sulphate  of  copper  with  an  excess  of  caustic  potash, 
is  at  first  but  slightly  afiected ;  a  small  quantity  of  red  powder  is  thrown  down 
after  a  time ;  but  the  liquid  long  retains  its  blue  tinge,  while  with  grape  sugar  the 
efiects  are  much  increased. 


Cane  Sugar. 

*filSi55ffiii^  The  sugar-cane,  Saccharum  officinaruniy  is  a  plant  of  the  grass  species ; 
its  stidk  IB  round,  knotted,  and  hollow,  and  the  exterior  of  a  greenish-yellow  or  blue, 
with  sometimes  violet  streaks.  It  grows  from  26  to  6*6  metres  high, and  from  4  to  6 
centimetres  in  thickness ;  the  interior  is  ceUular.  The  leaves  grow  to  a  length  of 
1*6  to  2  metres,  and  are  ribbed.  The  plant  is  grown  from  seed,  and  abo  cultivated 
from  cuttings. 
A  hectare  of  land  yields  raw  sugar : — 

By  15  Months*  Cultivation.  In  i  Tear. 

From  Martinique 2500  kilos.  2000  kilos. 

„     Guadeloupe 3000    „  2400      „ 

„     Mauritius     5000    „  4000      „ 

„     Brazil    75^^    »>  6000      „ 


coDpoBuita  of  iiM      ^^®  sugar-cane  yields  the  largest  amount  of  sugar,  generally  90  per 
sogu-Oana.        cent  juice,  containing,  according  to  Peligot,  18  to  20  parts  crystallised 
sugar.    The  components  ojf  sugar-cane,  according  to  the  analyses  of  P61igot,  Dupuy,  and 
loery,  are  as  follows : — Martinique  (a) ;  Guadeloupe  (6) ;  Mauritius  (c). 


^H 

(6.) 

(c.) 

Peligot. 

Dupuy. 

leery. 

Sugar    . .     . 

i8-o 

17-8 

20'0 

Water    ..     . 

72'I 

72*0 

69*0 

Cellulose 

99 

9-8 

lO'O 

Salts      . .     . 

1  •           ' 

04 

0*7 — I '2 

From  18  per  cent  sugar  found  in  the  sugar-cane,  as  a  rule  not  more  than  8  per  cent 
^rystidlised  sugar  can  be  realised.  The  loss  may  be  accounted  for  thus : — 90  per  cent 
juice  is  expressed  from  the  cane,  from  which  only  about  50  to  60  per  cent  can  be  clarified 
from  the  straw,  &q.  ;  a  fifth  part  is  exhausted  by  refining ;  and  nnally  two-thirds  of  the 
sugar  is  obtained  by  boiling,  while  the  rest  goes  to  the  molasses.  Tlie  x8  per  cent  sugar 
may  be  realised  in  the  following  manner : — 


In  the  moUsMB 3  „ 

As  raw  HOgor        6'5        „ 

i8 
'^S'^t^il^^S?"      The  preparfttion  of  raw  sugar  from  the  Bugar-cane  conaisla  in 
first  expressing,  and  then  cleansing  and  boiling  the  jnice. 

I.  Expretiing  the  Juict.—Tbe  sugar-canea  are  cmshed  in  a  press  consiBting  of 
three  hollow  cast-iron  rollers,  a  b  c,  Fig.  zio.  placed  horizontally  in  a  cast-iion 
frame.  By  meansof  the  screws,  i  i.theapproximatedistanceof  the  rollers  ia  adjusted. 
One  roller  ia  half  as  large  aa  the  others,  and  is  moved  by  three  cogged  wheals 


Fia. 


fitted  on  to  the  axis  of  the  roUers.  The  sugar-canes  are  transferred  from  the  date 
gutter,  d  d,io  the  roUers,  a  c,  which  press  them  a  little,  and  from  thence  they  are 
carried  over  the  arched  plate,  n,  to  the  rollers,  c  b.  The  pressed  sugar-canes  foil 
over  the  gutter.  /,  the  expressed  juice  collecting  m  g  g,  and  running  off  through  A. 
The  niiddle  roUer  is  termed  the  king  roller  ;  the  side  cylinders  are  individually  th« 
side  roller  and  macasse. 

2.  Rffining  and  Boiling  tht  Juice. — The  expressed  juice  is  removed  to  the  boiling- 
house,  which  is  fitted  with  five  iron  or  copper  veBsels.  To  15,000  hires  of  expressed 
juice  5  to  9  htres  of  milk  of  lime  are  added.  The  lime  neutrahses  the  malie  and 
other  vegetable  acids,  and  upon  boiling  forms  with  the  albumen  and  the  other  eon- 
Btituenta  of  the  juice  a. thick  green  scum,  which  being  removed  the  juice  is  allowed 
to  remain  in  two  of  the  pans  to  evaporate.  A  fresh  scum  is  formed  on  the  first  pan, 
which  returns  after  a  second  or  third  time  of  removal.  The  juice  as  it  issues  from 
the  press  is  received  into  the  first  pan,  in  which  by  slow  boiling  it  becomes  a  thick 
froth,  changing  hy  rapid  boiling  to  a  clear  colourless  fluid  ;  in  the  third  and  fourth 
pans  the  liquid  becomes  gradually  purer,  until  in  the  fifth  it  crystallises.  The  finger 
is  dipped  into  the  boiled  juice  to  test  its  consistence,  and  by  the  length  of  the 
pendant  drop,  which  ought  to  be  about  3  centimetres,  the  thickness  is  ascertained. 
The  boiled  jnice  is  placed  in  a  large  open  wooden  vessel  of  about  16  centimetres 
capaci^,  and  termed  the  cooler,  where  after  standing  twenty-four  hours  the  sugar 
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crystallises,  the  cooler  being  provided  with  a  double  perforated  bottom  to  allow  the 
molasses  to  escape,  leaving  the  crystals  behind.  After  standing  five  or  six  weeks,  the 
molasses  dries  into  a  mass  commonly  kno\vn  as  moist,  raw,  or  Muscovado  sugar. 
The  molasses  passes  into  a  cistern  placed  underneath  the  cooler,  capable  of  con- 
taining 15,000  to  20,000  litres  of  juice,  and  after  standing  fourteen  days  is  ready  for 
the  market.  In  the  French  and  English  colonies  sugar  is  exported  in  chests  covered 
with  fire-day  under  the  name  of  chest  or  tub  sugar. 

vutotiMof  sufcar.      European  commerce  deals  with  the  followmg  kinds  of  raw  sugar: — 

1.  West  Indian — Cuba,  San  Domingo  or  Haiti,  Jamaica,  Porto-Bico,  S^urtinique, 
Guadeloupe,  Saint  Croix,  St.  Thomas,  Havanna. 

2.  American — Bio  Janeiro,  Bahia,  Surinam,  Pemambuca. 

3.  East  Indian— Java,  Manilla,  Bengal,  Mauritius,  Bourbon,  Cochin  China,  Siam, 
Canton. 

Of  late  there  has  been  a  distinction  between  sugar  cultivated  by  slave  and  that  by  free 
labour ;  the  latter  comes  from  Jamaica,  Barbadoes,  Demerara,  Autigua,  Trinidad,  Dominica ; 
the  former  from  Cuba,  Havanna,  Brazil,  St.  Croix,  and  Porto  Bioo. 

The  mode  of  manufacture  varies  according  to  the  nature  of  the  foreign  substances 

that  always  form  part  of  the  constituents  of  sugar,  such  as  water,  fibre,  gluten,  sand 

or  earth,  soluble  mineral  salts,  acetic  and  other  acids,  all  of  which  must  be  destroyed 

before  the  sugar  can  be  refined.    According  to  Henner  we  have  in  the  following 

sugars  from : — 

Raw  Sugar  ... 

Slime  Sugar  ... 

w  a«6r      . .  •  . .  < 

xxsn  ...     ...  ..< 

table  acids,  &c.      }      3" 5—  0-5  4*5—  04 

MoiJMMt.  The  production  of  molasses  is  due  to  the  long-continued  heating  of  the 
cane  juice,  but  the  quality  varies  according  to  the  nature  and  culture  of  the  sugar- 
canes,  the  heat  of  the  season,  &c.  By  chemical  treatment  molasses  appears  as  a 
concentrated  watery  solution  of  crystallised  sugar,  slime  sugar,  with  a  small 
admixture  of  caramel  and  mineral  salts.  It  is  a  dull  red-brown  sweet  fluid  used 
principally  in  the  colonies  for  the  manufacture  of  rum ;  it  is  soon  converted  to 
spirit,  and  then  quickly  becomes  acetated.  Henner  gives  the  constituents  of 
molasses  as : — 


Java. 

Havanna. 

Surinam. 

In  Sugar- 
Candy. 

In  Balm. 

98-6— 83-1 

970--87-3 

923    854 

996 

997 

5'5—  03 

37—  09 

4'4       1*6 

01 

02 

61—  03 

3-5—  09 

6-3-  36 

02 

01 

21 —  02 

1*4 —  00 

20 —  1-2 

01 

— 

Caramel, gum,  vege-,      ,.^_  ^.^  ^.^_  ^.^  ^.^_  ^.^ 


Haw  sugar 

...     ... 

3297 

4036 

Slime  sugar 

...     ... 

430 

738 

Water 

...     ... 

1371 

16-25 

dAJsn    ...     ... 

...     ... 

335 

378 

Caramel,  gum. 

&c.  ... 

4565 

3222 

Beftxdng  th«  Sugar.  SugST  refining  consists  in : — 
I.  Dissolving  and  refining.  Tlie  raw  sugar  is  dissolved  in  water,  and  during  the 
process  of  evaporation  the  apparatus  is  connected  by  a  gutter  to  a  reservoir,  into 
which  the  sugar  flows.  It  is  then  submitted  to  a  straining  apparatus,  which  retains 
the  several  impurities.  The  refined  fluid  is  then  heated  in  a  copper  pan,  termed  the 
melting-pan,  the  water  adding  30  per  cent  to  the  weight  of  the  sugar,  and  is  after- 
wards placed  in  the  refining  pan,  a  vessel  constnictcd  with  a  double  bottom.  For 
the  purpose  of  clearing,  a  mixture  of  albumen  is  added  in  the  shape  of  serum  of 
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blood,  or  white  of  egg,  with  lime-water  and  sulphuric  acid,  an  addition  afterwards 
being  made  of  3  to  4  per  cent  animal  charcoal  and  i  to  2  per  cent  blood,  and  the 
whole  heated  to  the  boiling-point.  The  albumen  coagulates  and  forms  a  fibrous 
scum,  containing  all  the  impurities. 

2.  Taylor's  filtering  apparatus  is  now  much  used  for  filtering  the  sugar,  charcoal 
being  employed  as  the  purifying  agent. 

3.  The  boiling  of  the  clear  sugar  in  pans  placed  over  a  vacuum  apparatus, 
resembles  the  previous  boiling,  with  the  exception  that  the  fluid  is  rendered  purer, 
10  to  12  per  cent  water  remaining, 

4.  Cooling  and  crj'stallising.  When  the  sugar  begins  to  crystallise  on  the  surface 
of  the  vacuum  pan,  generally  at  80°,  the  temperature  is  lowered  to  about  50°,  as  too 
great  heat  at  this  stage  of  the  process  exercises  an  injurious  effect  upon  the  sugar, 
which  now  forms  an  amorphous  mass,  and  is  drained,  washed  with  clean  syrup,  and 
prepared  for  ordinary  loaf  sugar.  Sugar-candy  is  the  result  of  slow  crystallisation, 
the  crystals  by  this  means  acquiring  a  larger  size  and  more  regular  form. 

5.  The  shaping  of  the  crystaUised  mass  into  the  form  of  a  sugar-loaf  is  accom- 
plished by  evaporating  the  sugar  and  placing  it  in  earthen  conical  moulds  to  solidify 
at  a  temperature  of  25°  to  30°.    After  standing  ten  minutes  tlie  sugar  sets  into  form. 

6.  Drying  the  sugar.  After  standing  twelve  hours  a  green-coloured  syrup  is 
obtained  from  the  crystalline  mass,  which  is  removed,  and  the  crystals  submitted  to 
a  centrifugal  process  of  drying,  tlien  placed  in  a  drying-stove  at  a  temperature 
of  25°,  which  is  gradually  increased  to  50°.  By  thus  refining  the  raw  sugar,  the 
ordinary  loaf  sugar  is  obtained. 

Production  of  lUw  Sogu.  The  estimated  production  of  raw  sugar  in  1870  was  55 ,000,000  cwts. , 
the  largest  instalment  being  from  Cuba. 

Beet- Root  Sugar, 

lUNfttture.  In  the  year  1747  Marggraf,  a  chemist  of  one  of  the  Berlin  academies, 
discovered  crystals  of  sugar  in  the  red  beet.  Beta  cicla,  which  he  deemed  capable  of 
manufacturing  into  the  commercial  article.  He  found  that,  treated  with  alcohol,  the 
white  beet  j4elded  62,  and  the  red  variety  46  per  cent  of  sugar.  But  the  prepara- 
tion of  beet-root  sugar  was  not  developed  until  tlie  close  of  the  year  1800.  Achard 
and  Hermbstadt,  of  Berlin,  tried  many  experiments  with  this  new  product  with  equal 
success,  always  finding  that  beet-root  contained  crystallised  sugar  to  the  amount  of 
6  per  cent,  with  4  per  cent  of  molasses,  and  sometimes  a  larger  quantity  of  sugar. 
About  the  time  of  the  continental  war  native  products  were  in  request  on  account  of 
the  difficulty  and  expense  of  obtaining  foreign  articles.  The  first  Napoleon  sup- 
ported the  new  product  in  the  pursuance  of  his  "  continental  system  "  of  excluding 
cane  sugar  from  the  French  markets,  and  a  trial  of  Uie  German  method  was  made, 
but  it  was  not  crowned  with  the  success  it  has  now  achieved  until  ten  years  after 
his  overthrow.  The  annual  production  of  sugar  in  181 1  did  not  exceed  13,000,000  lbs. ; 
the  present  yearly  consumption  of  beet-root  sugar  exceeds  15,000,000,000  lbs.,  this 
enormous  amount  being  supplied  by  more  than  eighty  manufacturers. 

speetoi  of  Beet.  The  Vegetable  known  as  beet-root  is  a  large  fleshy  root  of  the  beet,  a 
plant  of  the  species  Beta  niaritimaf  largely  cultivated  in  France,  Belgium,  and 
Portugal  for  the  production  of  sugar.  There  are  several  varieties  of  the  two  species, 
the  white  beet  being  preferred  on  account  of  its  yielding  more  sugar,  and  also  for  its 
purity  of  colour,  the  red  beet  being  chiefly  cultivated  for  culinary  purposes.    There 
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is  also  the  field  beet,  commonly  known  as  the  mangold  wurzel,  which  was  first  used 
as  provender  for  cattle  about  the  end  of  the  last  century.  The  sugar  beet  has»  in 
course  of  cultivation,  been  improved  by  many  new  methods  of  manuring,  &c.,  until  it 
yields  13  and  sometimes  14  per  cent  of  sugar.  In  Germany  the  following  varieties 
of  beets  are  principally  cultivated : — 

I.  Quendlinburg  beet,  a  slender  rose-coloured  root,  and  very  sweet ;  it  is  matured 
fourteen  days  before  any  other  kind.  2.  Silesian  beet  is  pear-shaped,  with  bright 
green  ribbed  leaves ;  it  is  known  as  the  green-ribbed  beet,  and  does  not  produce  so 
much  sugar  as  the  former.  3.  Siberian  beet  is  pear-shaped,  with  white-green  ribbed 
leaves,  and  is  known  as  the  white-ribbed  beet.  It  does  not  yield  so  well  as  the 
Silesian  beet,  although  of  a  greater  weight.  4.  The  French,  or  Belgian  beet, 
has  small  leaves  and  a  slender  and  spiral  root,  3rielding  sugar.  5.  The  Imperial 
beet  is  slender  and  pear-shaped,  3rielding  much  sugar.  The  king  beet  is  a  biennial ; 
in  the  first  year  the  root  is  merely  developed,  in  the  second  it  bears  seed. 

The  following  is  a  list  of  the  countries  where  the  beet  is  cultivated  for  sugar : — 


In 

Austria 

Austria 

Bohemia        

Prussia 

Prussia  | 

Baden     

France: — 
Northern  Departments) 
Other  „  J 

France 


Beets 
According  to —    gathered 

in  owts. 


Erause 

Burger 

Neumann 

Ludersdorff 

Thaer 

Stolzel 


104—145 
169—193 
112— 145 

146 

180 
120 — 160 


Dnmas  (j^ 

BouBsingault       149 


The  manufacture 

of  suitable  Beets 

in  owts. 

88—123 
143—164 
95—123 
124 

153 
X02 — 136 

168 
105 
127 


Into  Sugar 
in  pounds. 

770 — 1084 
1256 — 1560 
836 — I 160 
1088 

1336 
896 — I 196 

1476 

924 

1116 


In  general  140  to  160  owts.  are  cultivated,  out,  and  cleaned,  per  acre,  there  being  four 
Magdeburg  acres  to  one  hectare,  which  usually  yields  sufficient  roots  for  three  days*  work. 

^***ofttMBMU°*"**  '^®  ^®s^  ^^  ^®  ^®®*  consists  of  a  (quantity  of  small  cells  con- 
taining a  clear,  colourless  fluid.  The  constituents  of  the  sugar-beet,  according  to 
chemical  analyses,  are : — 


•••     •••     •••     •.•     •.• 


•••     •••     •••     •••     •••     ••• 


•••     ...     •••     ••• 


••     ...     •*•     ••• 


•••     ••• 


• ..     • • « 


•••     ••■ 


.••     •  •  ■ 


827 

113 
08 

01 


Water 

Sugar 

Cellulose  ... 

Albumen,  caseine,  and  other  bodies 

J! aifby  ma vwcr    ...     ...     ...     ...     ... 

Organic  substances,  citric  acid,  pectin  and  pcctic  acid, 

asparagin,  aspartic  acid,  and  betain,  a  substance  having, 

according  to  M.  Scheibler,  the  formula  C15H33N3O6    .  . 
Organic  salts,  oxalate  and  pectate  of  calcium,  oxalate  and  \-      37 

pectate  of  potash  and  sodium 

Inorganic  salts,  nitrate  and  sulphate  of  potash,  phosphate 

of  lime  and  magnesia j 

Near  Magdeburg,  where  the  beet  is  extensively  cultivated,  the  general  results 

give: — 

The  greatest  sugar  production,  as  133  per  cent. 

That  from  inferior  beets,  as     ...      92        „ 

The  average  beet  yielding        ...     11*2        „ 
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The  components  of  the  heet  vary  according  to  the  time  of  the  year,  it  at  some 
periods  containing  more  water  than  at  others,  from  82  to  84  per  cent  being  the 
average.  In  the  autumn  it  does  not  contain  slime  sugar ;  in  February  and  March 
the  components  intermingle  and  some  decrease  nearly  2  per  cent,  as  shown  by 
the  following  analyses : — 

October.  February. 

Woody  fibre  and  pectin       ...  3*49  per  cent.  2*52  per  cent. 

Water    82*06      „  84*36 

Sugar     12*40      „  io'6o 

Slime  sugar 000      „  065 

Mineral  salts 0*75      „  063 

Organic  acid  and  extractives  130      ,,  1*24 

lOOOO  lOO'OO 

121  cwts.  of  beet  yield  on  an  average  i  cwt.  of  raw  sugar. 
BMehMimrtry.      The  mcasurc  of  the  amount  of  saccharine  matter  contained  in  the 
various  crude  sugar  productions  can  be  estimated  either  by  the — 

1.  Mechanical, 

2.  Chemical,  or 

3.  Physical  method. 

Maehanieai  Method.  The  middle  part  of  the  beet  is  out  in  thin  slices  to  the  weight  of 
25  to  30  grms.  each,  and  dried.  From  the  differeuco  in  weight  before  and  after  drying,  the 
quantity  of  water  contained  in  the  root  is  ascertained.  The  dry  residue  is  pulverised,  and 
then  treated  with  boiling  dilute  alcohol  of  a  specific  gravity  of  0*83.  By  this  means  the 
sugar  is  dissolved,  and  the  weight  ascertained.  The  insoluble  residue  gives  after  drying 
the  weight  of  the  cellulose,  protein  bodies,  and  mineral  constituents.  If  the  alcoholic 
solution  be  placed  in  a  vacuum  over  caustic  lime,  it  gradually  becomes  more  and  more 
concentrated,  until  after  standing  about  a  day,  the  sugar,  owing  to  its  insolubility  in  abso- 
lute alcohol,  may  be  collected  in  small  colourless  crystals,  only  absolute  alcohol  remaining. 
Good  sugar  beets  give  20  per  cent  dry  residue,  the  water  amounting  to  80  per  cent.  Of 
the  20  per  cent,  13  per  cent  is  usually  sugar,  and  the  remaining  j  per  cent  pectin,  oellu- 
lose,  protein,  and  mineral  substances.  The  higher  the  specific  weight  of  the  juice  of  the 
beet,  the  more  sugar  it  contains.  The  juice  of  a  good  beet  properly  cultivated  marks 
8^  and  sometimes  9"*  £. 

chemkai  Method.      The  chcmical  method  is  based  upon  the  following  facts : — 

a.  The  known  proportional  solubility  of  hydrate  of  lime  in  cane  sugar. 

b.  The  capability  of  a  cane  sugar  solution  to  reduce  the  hydroxides  of  copper  to 

protoxides,  the  quantity  reduced  affording  an  estimate ;  and  the  conversion 
by  acids  of  cane  sugar  into  inverted  sugar  (a  mixture  of  levulose  with  dex- 
trose or  glucose). 

c.  The  fermentation  of  sugar,  giving  rise  to  the  formation  of  alcohol*  and 

carbonic  acid,  the  amount  of  which  can  be  ascertained,  4CO2  corresponding 
to  I  mol.  of  cane  sugar,  C13H22O11. 
The  first  of  these  methods  is  that  of  determining  the  solubility  of  hydrate  of 
lime  in  a  cane  sugar  solution.  The  fluid  containing  sugar  is  stirred  with 
hydrate  of  lime,  the  quantity  of  which  dissolved,  estimated  by  titration  with 
sulphuric  acid,  determines  the  quantity  of  sugar.  The  second  method  is 
grounded  on  the  researches  of  M.  Trommer,  who  found — (i.)  That  cane  sugar 
in  an  alkaline  fluid  does  not  reduce  oxide  of  copper;  but  it  becomes  reduced 
if  the  sugar  has  previously  been  boiled  with  sulphuric  or  hydrochloric  acid, 
the  acid  converting  the  cane  into  inverted  sugar.  2.  The  quantity  of  the  reduced 
protoxide  is  proportional  to  tlie  quantity  of  sugar.    Barrcswil  and  Fehlinggive  a  test 

2  B 
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based  on  this  law: — An  alkaline  solution  of  oxide  of  copper  is  made  by 
dissolving  40  grms.  of  sulphate  of  copper  in  160  grms.  of  water,  and  adding 
a  solution  of  160  grms.  of  neutral  tartrate  of  potash  in  a  little  water,  with 
600  to  700  grms.  of  caustic  soda  ley  of  a  specific  gravity  =1*12.  The  mixture 
should  be  next  diluted  to  1 154*4  c.c.  at  15''.  A  litre  of  this  copper  solution  contains 
3465  grms.  of  sulphate  of  copper,  and  requires  for  its  reduction  5  grms.  of 
dextrose  or  levidose ;  or  10  atoms  sulphate  of  copper  (1247*5)  are  reduced,  by  means 
of  I  atom  of  dextrose  or  levulose  (180),  to  protoxide  (34*65:5  =  1274-5:180, 
or  =693: i),  10  c.c.  of  the  copper  solution  corresponding  also  to  0050  grms.  of  dry 
dextrose  or  levulose.  Mulder  prefers  a  solution  in  which  i  part  of  oxide  of  copper 
corresponds  to  0552  part  of  dextrose  or  levulose  of  the  formula  CeHiaOe+HaO ;  by 
the  use  of  this  test-liquor,  the  amount  of  sugar  may  be  ascertained  with  great 
accuracy.  By  another  method  10  c.c.  of  this  copper  solution  are  heated  with  40  c.c. 
of  water,  and  placed  in  a  sugar  solution  till  all  the  oxide  of  copper  is  reduced.  When 
this  point  is  nearly  reached,  the  precipitate  becomes  redder,  and  forms  more  rapidly. 
Testing  the  filtrate  with  ferrocyanide  of  potassium  will  throw  down  a  yellow  pre- 
cipitate if  there  be  sugar  in  excess.  The  copper  salts  are  instantaneously  reduced 
by  the  sugar  in  corresponding  quantities ;  long  boiling  is  not  necessary.  100  parts 
dextrose  or  levulose  correspond  to  95  parts  cane  sugar. 

FennentTMk.  The  third  method,  the  ferment  test  as  it  is  generally  termed,  is 
grounded  on  the  fact  that  a  solution  of  sugar  may  be  preserved  for  an  indefinite 
period  in  an  open  or  close  vessel ;  but  that  if  decomposing  azotized  matter  be  acci- 
dentally or  intentionally  added,  the  sugar  is  converted  first  into  dextrose  or  levulose, 
which  suffering  vinous  fermentation  is  converted  into  alcohol  with  the  evolution 
of  carbonic  acid. 

I  mol.«of  cane  sugar,)     yields  by     (4  mols.  of  carbonic  acid  =  176, 
CHO  =  342,  j  fermentation  •  4  mols.  of  alcohol  =  188. 

The  estimation  of  the  quantity  of  carbonic  acid  is  easily  performed  by  means  of 
the  alkalimetric  apparatus  of  Fresenius  and  Will.  The  fermentation  being  com- 
plete, the  air  is  sucked  out  of  the  apparatus,  and  the  amount  of  carbonic  acid 
estimated  from  its  loss,  which 

Multiplied  by  "iV  =  i'9432,  gives  the  quantity  of  cane  sugar. 
»»  'lY  =  2*04545,  gives  the  quantity  of  dextrose, 

phyrieai  Method.  The  raw  sugar  containing  dextrose  or  dextrine  rotates  the  plane 
of  polarised  light  to  the  right  hand  in  proportion  to  the  quantity  present.  A 
sugar  solution  of  100  c.c.  containing  15  grms.  of  sugar  turns  the  ray  of  polarised 
light  of  200  millimetres  length,  20''  to  tlie  right.  Proportionally,  a  solution  of 
100  c.c.  containing  30  grms.  of  sugar,  turns  the  ray  40°.  The  forms  of  polarimeters 
are  very  various,  and  this  method  of  estimation  has  received  attention  from  many 
eminent  physicists. 

^Jm  SI.  bJJ"^"  The  preparation  of  sugar  from  the  beet  consists  in  the  following 
operations : — 

1.  Washing  and  cleansing  the  beet. 

2.  Obtaining  the  juice  from  the  root. 

a.  The  root  is  gi  ound  to  a  pulp  and  subjected  to  hydraulic  pressure. 
p.  The  juice  is  extracted  from  the  pulp  by  means  of  a  centrifugal  machine. 
y.  According  to  Schiitzenbach,  after  the  maceration  juice  is  separated  from  the 
pulp  by  water. 

d.  The  root  is  cut  into  thin  slices  and  placed  in  a  vessel  (diffusion  apparatus)  with 
water  at  a  certain  temperature. 
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o  with  carbonic  acid. 


3,  Refining  the  juice  with  lime,  and  removing  tlio  lim 

4.  Filtering  tlie  juice  through   ehnrcoal. 

5,  Boiling  the  refined  jnice  for  crj'stalliBation. 

6.  The  mttnufiiPtiire  of  raw  aiid  reliueil  sugar. 

a.  Raw  or  moist  sugar. 
fi.  Inclined  or  louf  sugar. 

1.  Wtukiiifj  mid  Cleiim'iny  the  Beel. — Tlic  heet  when  newly  dug  requirea  washing 
nnd  cleausing,  wliich  takes  la  and  Bometimes  20  per  cent  from  the  weight  of 
the  root.  Champ onnoi SB  wasliing  machine  is,  perhaps,  the  most  succeEsful;  it 
constats  of  revoMng  drums  of  open  iron-  or  wood-work  placed  in  a  trough  supplied 
with  water,  tlie  drums  making  from  8  to  40  rcvolulions  in  a  minute.  The  beets 
cleansed  from  all  impurities,  washed,  are  cut  and  submitted  to  elutriation  on  a  sieve. 
From  1000  to  i20o  cwtJi.  beets  eon  be  prepared  per  day  of  twenty-hour  hours  with 
2-ltorae  power ;  the  length  of  tlie  washing  drum  being  from  yi  to  4  metres  witli  a 
diameter  of  i  metre,  the  drum  making  from  30  to  40  revolutions  per  ir 

2.  SejntiaUmj  the  Juice  from  the  linol. — There  a 
the  first  by  grinding  Uic  root  to  a  pulp,  and  then  rt 

a.  Pressing, 

^,  Gtjiitrifugal  force. 

y.  Materatiou. 
The  sugar  in  the  beet-root  is  contained  in  the  cells,  wliich  are  easily  opened,  but 
require  s  moderate  pressure  to  e:itract  the  juiee  containing  the  sugar,  A  hand- 
grinding  machine  is  sometimes  found  sufficient  for  this  puqiose.  but  Tliierry's 
crimhing  machine,  shown  in  the  following  illuslration.  Fig.  211,  is  geuei-aJly  used. 
The  grinding  cyhnder.  Fig.  zi 3,  is  0-5  to o'6  metro  in  length,  and  08  to  t'o  metre 


Fw. 


0  methods  of  dFecting  thia; 
tlie  juice  by : — 


in  diamett'r,  the  periphery  Ijeing  set  with  250  saw-blailes.  (  (Fig.  211I  ia  a  funnel 
to  ailmit  water;  i  the  trough  into  which  tlie  roots  are  placed;  in  tlie  cialem  to 
receive  tlie  pulp.  The  motive  power  geara  n-ith  a  and  »  ;  and  llie  motion  of  the 
axis  off)  ia  hy  means  of  t)ie  pinion,  h.  cotnniuuieated  to  the  eccentric.  >/,  and  friction 
roller,  e,  thence  by  the  arm.  g.  and  connecting- roil,  h.  to  the  plunger./,  which  presses 
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the  roots  against  tlic  eilges  of  the  s( 
being  rogwluted  by  the  weight,  k. 
iniiiuto,  reducing  from  800  to  loc 


w-blodos  concealed  by  the  cnse,  u,  the  presenre 

Tlie  cylinder  rcvolvoa  1000  to   laoo  timea  » 

3  cwta.  of  beets  to  pulp  in  twen^-fonr  hours. 

Tiie  ivater  from  t  is  neceBsary,  that 

the  pulp  may  be  ground  to  a  finer 

consistence. 

a.  The  juice  is  obttdned  hj 
pressing  the  pulp  by  means  of  » 
Btiinc  or  iron  roller  tl trough  a  geriea 
of  linon  cloths.  But  in  the  French 
□innufnctoriea  the  hydraulic  or 
Bramali  press  is  most  generally 
adopted.  The  pulp  is  placed  in 
EtLcks  or  bags  between  iron  plat«s, 
and  subjected  to  a  pressure  of  500 
to  600  lbs.  The  expressed  juice  (lows  from  the  bed-plate  info  a  pipe,  which  conducts 
it  to  a  receptacle.  loo  cwts.  of  beet,  with  a  pressed  residue  of  18  per  cent,  yield 
8a  per  cent  good  juice. 
Tiia  it«i<:iia.  AccordiuiJ  to  the  researches  of  M.  WoliT,  tlie  residuo  of  the  crushers 
nsed  at  Hohenlieim  contain.^ — 

■ftTien  the  beets  are  pressed  with  1 — 


65-94 

e-6s 


Cellnlose i'33  6-15  6-04 

Sugar      11-K8  7-86  7-58  6-71 

Protein    Bubntancoa  087  1'05  1*67  ii-oz 

Other  11  ntritioUH  „  3-47  li'36  1005  14-31 

o  parts  of  beet  lesTo  13'!  purts  residne  and  76-8  parts  juice  of  the  following  compo- 


Water 15-61 


65-95 


Carbon  hydrate 3-84  0-63 

Protein  Babetonocs     a-28  0-58 

a3io  76-80 

(3.  The  juice  is  now  generally  obtained  from  the  pulp  by  means  of  the  centrifugal 
machine  t*  the  extent  of  50  to  60  per  cent,  water  being  applied  to  the  residue  to 
obtain  a  thin  pulp  also  used  in  eugnr  manufacture.  A  centrifugal  machine  i  metre 
in  diameter  will  express  100  cn-ts,  per  day.  Tlie  power  to  which  the  lirst  juice  is  dna 
is  5"i  atmospheres,  60  per  cent  juice  being  expressed.  The  remainder  of  the  juice, 
after  the  addition  of  water  to  Iho  contents  of  the  machine,  is  expressed  at  a  pressure 
of  t'8  atmospheres,  the  qiuLntity  of  water  amounting  to  50  to  6a  per  cent  of  the 
quantity  of  beets.  Of  the  roots  50  per  cent  remain,  20  per  cent  in  the  residue,  and 
30  per  cent  in  Uie  clarifying  vessel. 

y.  Treating  the  beet-pulp  according  to  Schijtzenbach's  method  of  immersion  and 
maceration  in  order  to  obtain  the  juice.  The  roots  are  cleaned  and  then  cut  in 
slices  by  a  cutting  machine.  They  are  then  passed  to  a  drying  chamber  heated  to 
50°,  and  sobecquently  ground  to  a  meal.    Four  parts  of  this  meal  are  allowed  to 
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macerate  in  9  parts  water,  to  which  sometimes  sulphuric  acid  is  added.  Another 
method  is  to  moisten  the  dried  heet-meal  with  milk  of  lime,  and  afterwards  continue 
the  operation  in  a  bath  of  water  heated  to  80°.  These  methods  are  largely  used  in 
Germany,  where  in  general  practice  it  is  foimd  that  475  cwts.  of  green  roots  jrield 
I  cwt.  of  dry  beet-meal.  The  juice  is  afterwards  treated  with  lime-water  for  the 
purposes  of  purification. 

B.  Before  any  juice  can  be  obtained  it  is  necessary  to  open  the  cells  in  which  it  is 
confined.  This,  as  has  been  seen,  may  be  effected  by  pressure  or  by  maceration  in 
water,  by  which  the  cells  are  broken  and  to  wliich  they  yield  their  sugar.  The 
action  with  each  cell  is  very  similar  to  that  of  the  dialyscr  used  in  dialysis ;  the 
sugar  becomes  gradually  diffused  in  the  water,  the  insoluble  substances  remaining  with 
the  cell.  By  this  means  a  very  pure  sugar  solution  may  be  obtained  and  afterwards 
concentrated  The  diffusion  residues  are  always  very  watery,  containing  93  per 
cent  water  and  7  per  cent  dry  substances. 

Components  of  the  joiee.  The  julcc  after  being  expressed  from  the  pulp,  if  allowed  to 
remain  exposed  to  the  action  of  the  air,  throws  down  a  dark  flaky  precipitate. 
The  more  free  acids  the  juice  contains  the  ligliter  will  be  the  colour  of  the 
precipitate,  and  the  juice  will  appear  of  a  brown-red.  Tlie  juice  is  not  only 
a  solution  of  sugar,  but  contains  the  soluble  constituents  of  the  beet,  in 
which  nitrogenous  and  mineral  substances  are  veiy  prominent.  Sugar  under 
fermentation  forms  lactic  acid  and  other  products ;  but  it  is  separated  from  all  im- 
purities and  refined  into  crystals.  The  usual  method  of  reliuing  is  to  boil  tlie  . 
juice  rapidly  in  copper  refining-vessels  constructed  with  double  bottoms.  Tlie 
rapid  boiling  separates  the  coagtdated  juice,  whilst  the  free  acid  is  neutralised 
by  the  introduction  of  dilute  milk  of  lime.  The  lime  also  serves  to  separate 
the  nitrogenous  substances  of  tlie  juice,  and  enters  into  a  combination  with  a 
small  portion  of  the  sugar,  forming  sugar- lime  or  calcium-saccharate.  Lime,  too, 
throws  down  from  their  salts  protoxide  of  iron  and  magnesia,  while  potash  and 
soda  are  set  free.  The  quantity  of  lime  added  depends  upon  tlie  condition  of  the 
root.  As  a  rule,  to  100  pounds  of  juice,  i  to  2  pounds  of  lime  are  added,  or  to  2  cwts. 
of  roots  I  pound  of  lime.  The  insoluble  combinations  of  lime  are  separated  from  the 
juice  as  a  slime  by  filtering  in  a  filtering  press.. 

3.  De-Liming  J  or  Saturating  the  Juice  icith  Carbonic  Acid. — The  clear  juice  is  by  no 
means  a  pure  sugar  solution,  but,  contains  besides  free  sugar,  sugar-lime,  free  potash, 
and  soda,  sometimes  ammonia,  and  a  small  quantity  of  nitrogenous  organic  substances, 
decomposed  by  the  free  alkaUes,  ammonia  being  largely  developed  by  their  evaporation. 
The  juice  also  contains  various  organic  acids  (as  aspartic  acid)  and  alkaline  salts  (as 
sulphate  and  nitrate  of  potash).  The  decomposition  of  the  sugar-lime  efi'ects  the 
removal  of  the  extraneous  substances  from  the  juice.  The  physical  metliod  of  puri- 
fying the  juice  is  by  filtering  it  through  animal  charcoal,  while  the  chemical  method 
is  effected  by  means  of  carbonic  acid.  The  use  of  carbonic  acid  was  first  recom- 
mended by  Barruel,  of  Paris,  in  181 1,  and  later  by  Kulilmann,  Schatten,  and 
Michaelis.  The  latter  obtained  the  gas  from  the  action  of  sulphuric  acid  upon 
chalk,  or  better  upon  magnesite ;  the  former  employed  the  gas  resultuig  from  the 
combustion  of  charcoal  or  coke.  Lately,  Ozouf  has  prepared  carbonic  acid  gas  by 
heating  bicarbonate  of  soda.  In  the  German  manufactories  the  decomposition  of  the 
sugar-lime  is  effected  in  a  Kleeberger's  pan.  Fig.  213.  This  apparatus  consists  of  a 
cast-iron  cistern,  b,  to  contain  the  juice.    The  carbonic  acid,  liaving  been  washed  in 
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pure  water,  ie  tulmittod  by  the  pipe,  m.  which  dips  nearly  to  t)ie  bottom  of  tlte 
vesBsl,  D,  and  is  divided  internally  by  a  partition  for  tlie  better  disaemination  of  the 
gas.  The  imabsorbed  gas  coUci^ts  in  n  over  Uie  juice,  wLunce  it  passes  tbrough  the 
opening,  p.  into  the  upper  chamber,  a.  When  the  juict  sinks  tlirougbp  into  b,  the 
gaa  there  collected  passes  through  a  into  n,  and  is  tlicnce  re-conducted  to  the 
reservoir.  Wien  the  juice  is  sufficiently  cleared,  the  cnrbouie  acid  cock,  o.  ia  turned 
off.  and  the  juice  allowed  to  flow  into  a  reservoir  through  q,  where  the  carbonate 
of  lime  settles.    Tlie  clear  jaice  is  then  fit  for  crystalhsation.    The  man-hole,  e,  ia 


provided  for  the  cleansing  of  the  apparatus  from  separated  carbonate  of  lime.  The 
juice  to  be  de-limed  is  supplied  to  the  cistern,  b.  liy  means  of  the  pipe,  t,  and  the 

oui«  HBtiiM>  i>(  Dg-Liuiiiiii     lui^tend  of  emplojiiiR  carbonie  acid  or  animal  charcoal,  the  time 
uiiiju»,  of  the  Bugar-lime  may  be  removed  by  the  addition  of  a  Bubstanco 

or  an  acid  which  torma  with  it  an  insoluble  body,  but  does  not  aSeet  the  Bugar.  Oxalic 
acid  is  suitable  for  this  purpose,  oxalate  of  limo  being  iiisolulile  in  the  sngat  eolution, 
but  the  acid  is  very  eipentjive.  and.  besides,  the  precipitate  is  too  fine,  pai^aiiiif  thrungh  the 
filter.  PhoBphoric  acid  is  uiied  for  tho  purpoao.  phosphate  of  lime  sepaiSitiDg  into 
flakea  which  can  be  easily  removed  by  filtering  throngh  a  thin  layer  of  charcoal.  Any 
free  phosphoric  acid  is  convprted  into  phoxphate  of  ammonia,  neutralising  tho 
alkali,  while  the  eicoss  of  ammonia  is  volatilised  on  the  applieation  of  heat  to 
the  juice.     Oleic,  stearic,  and  hydrated  silicic  acida.  and  casein,  similarly  throw  down 

ErecipitatoB.  Acar  nses  poetic  acid,  which  (orms  with  tho  hme  an  ioBnlublo  pectate, 
[orgenatern  ban  found  BUlphnto  of  maRuesia  prepared  from  the  Stassfurt  kieaerite 
ancceBsful  in  removing  part  of  tho  impurities  as  well  as  a  portion  of  the  colouring  matter. 
Frickenhaus  tried  bydrollnorio  acid.  In  1811  Proust  recommended  sulphite  of  lime; 
and  in  1829  Dnbrunfaut  took  out  a  patent  lor  tho  employment  of  suIphnrooB  acid. 
Melsens,  of  BraaseU,  in  18+9,  employed  hyposulphorous  acid,  which  at  100°  Beparates 
the  lime  and  most  of  the  protein  subBtances,  and  disRuiBes  for  a  time  the  colouring 
matter,  the  colour,  honever,  rotuming  on  eipoanre  to  air,  and  remaining  permanent. 

FoiUtIh  wub  Dairu.  About  fifteen  years  ago  Dubrunfaut  and  Do  Massy  patented  a 
method  of  purifying  the  juice  by  means  of  eaustio  baryta,  which  forms  with  cane  sngar 
at  the  boiling-point  the  insoluble  saocbarate,  CuHnOu.BaO;  in  practice  auflicient 
caustic  baryta  ta  added  to  throw  down  all  tho  sugar.  The  sugar-baryta  is  thus  sepa- 
rated from  the  aiipernutant  fluid  in  which  all  the  foreign  snbHtancea  remain  suapendod ; 
and  is  next  treated  with  earbonic  acid  to  form  carbonate  of  baryta  and  set  the  sugar 
free.  The  solution  is  then  filtered  and  some  gypsum  added,  which  gives  rise  to  the 
double  decompoiiition  of  the  carbonate  of  baryta  into  sulphate,  and  of  the  gypsum  into 
carbonate  of  hme. 

4.  Th*  Fillrifinn  if  tbe  Jiiiff  thrnwjh  Animal  /^nrmirl,  inii  thr  Eefiporation  of 
tht  Juice. — The  various  apparatus  here  play  the  most  important  part. 
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TiuFiiiM.  Besides  acting  as  a  filter,  charcoal  posseBaes  the  property  of  remoring  the 
colour  from  the  liquid  EiUowed  to  percolate  through  it.  Wood  charcoal  was  first  nsed 
for  Uie  purposes  of  eugar-reflning  in  179S,  but  latel;  has  gtren  place  to  the  employ- 
ment of  animal  charcoal  Ibone  charcoal),  which,  according  to  Schatten,  has  a 
tendency  to  remove  the  lime  and  salts  in  the  juice.  At  first  it  was  used  in  powdor, 
bnt  DOW  it  is  employed  in  the  form  of  Inmpa.  The  old  method  consisted  in  boiling 
the  powdered  charcoal  with  the  juice,  blood  being  aRerwarda  added,  aa  in  tlie  nsiial 
methods  of  augnr-reiining. 

Fig.  214  exhibits  a  section  of  Taylor's  filter,  which  has  heen  in  use  since  1825. 
The  juice  is  admitted  to  t)ie  upper  cistern,  a.  by  means  of  tlie  pipe.  0,  and  gradually 
perc<>latc's  through  the  long  linen  bags  suspended  from  the  hollom  of  a  in  b,  and 
containing  cliarcoal,  a  layer  of  charcoal  being  also  placed  iu  a.    The  month  of  each 


bag  is  kept  open  by  a  funnel  piece  shown  at  p      The  iiltcr(.d  juico  is  received  into 
the  lower  cistern   whence  It  pas'ies  by  the  pipe  a  mto  the  reservoir 

deiboiivi ni».  I'njot  des  Charmes  employed  animal  charcoiil  in  1822,  but  Dumont 
was  perhaps  the  first  to  make  its  use  successful  by  means  of  a  filter  still  bearing 
his  name,  shown  iii  vertical  section  in  Fig.  215.  and  iu  plan  in  Pig.  216.  The  juice 
.3  supplied  to  Uio  filter,  a,  from  the  cistern,  i>,  the  supply  being  regulated  by  the 


ball-cock,  d  c.     Tlic  pieces  uf  charcoal  in  a  rest  upon  the  s 
juice  being  received  into  the  cistern,  and  removed  by  tlio  tap,  o. 
the  cleansing  of  the  apparatus. 

■npontuni  Fui.       The  pans  generally  in  use  for  evaporating  the  juice  to  crystallisatioa 
are  made  sufficiently  strong  to  withstand  high  steam  and  atmospber 
processes  of  evaporation  are  : — 

I.  Under  tlie  nsiial  air-pressure : 

II.  In  panu  suspended  over  an  open  fire  ; 

h.  With  liigh  steam  pressure  ; 

.■-  By  hot  air. 


a  percolating 


c  pressura.    The 


37* 


CHBiaCAL   TECHSOLOQY. 


n.  By  diminiahed  air-preBanre  o 
a.  By  the  air-pump ; 

h.  On  the  principle  of  the  Torricelli  Tocniun 
0.  By  meana  of  steam  and  condenaatioii; 
d.  By  combmiag  the  methods  a  and  b. 
The  pans  are  constructed  to  prevent  the  boiling  ovei 
efTects  of  an  open  fire  is  the  danger  of  OTer-heating,  oi 

F;o.  J 15. 


pans,  the  vacnnm  being  produced : 


of  the  iuioe.    One  of  the  ill 
burning  aa  it  ia  called,  which 


rn  rTR  B  tTTJ  ^ 


deteriorates  the  qualiti  flu  h  lution  in  various"  ways,  forming  caraael. 
Fig.  2i7*iB  a  vertical  se  jnn  ani  !■  ^  a  8  the  plan  0/  an  open  pan  arrangement. 
D  is  the  evaporating  pan,  a  the  fire-place,  c  the  aah-pit,  k  and  a  the  flue.  The  foel 
ia  placed  on  the  sloping  grid,  b,  through  the  famace  door,  a.    The  fire-room  ia 


arched,  the  flame  and  hot  gases  paaaing  throngh  llu  opeoings,  #'>,  into  contact  with 
the  evaporating  pan  ;  { I  admit  lur  to  the  fiie-place.  The  nae  of  a  suspended  pan, 
as  shown  in  Fig.  aig,  ia  preferable  for  many  reaaona.  When  the  juice  is  sufficiently 
concentrated,  the  workman  has  only  to  pnll  the  rope,  m,  to  empty  the  pan. 

The  Pooqner  ovaporating-pan  ia  heated  by  steam,  the  pipoa,  Figs.  220  and  22i, 
being  placed  horizontally  under  the  pan.  The  ateam  enters  by  a  into  b,  possea 
throng  the  pipes,  and  is  conveyed  away  by  d  and  «.    The  heating  by  steam,  besides 


equable  and  eaailf  a 
ma  of  the  leYer,  in,  i 


the  adrantage  of  deanlinesa,  ia  m 
is  Boffidentlj  heated,  tUe  pcm,  by 
run  off  by  opening  g. 

The  evftporatiOQ  by  hot  air  is  best  exemplified 
and  P6det.    That  of  the  latter  is  shown  in  Fig 


inaged.    When  the  jnice 
tilted  up.  and  the  jiiica 


I  the  pans  of  Brame-CheraUier 
122.    The  evaporating  pan,  a,  is 


directly  over  the  fire,  the  products  of  the  combiiBtion  passing  by  the  pipes,  b,  to  the 
chimney,  g.  The  steam  from  the  evaporating-pan  passes  away  through  «  By 
means  of  the  sua,  a,  and  sieves,  c  li.  set  in  motion  by  steam  power  gearing  with  b, 
the  juice  is  thoronghly  exposed  to  the  blast  of  hot  an  generated  m  c,  and  ] 


by  the  hot  pipes,  B,  into  the  pan,  a.    By  this  conetant  stirring  the  jnice  is  pierented 
from  adhering  to  the  pana,  and  becoming  burnt, 
thubIui.      An  improved  evaporation  apparatus  was  invented  by  Howard,  in 
1813,  in  which  the  juice  was  placed  in  chaanbers  of  rarefied  air,  or  viicnuni  pans. 
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The  lowest  boiling-point  of  tlis  clear  juice  iii  the  vscuDin  pane  is  46*1° 
temperature  at  wliich  tlie  augaj-  is  trailed  655°  to  71*1'  0. ;  at  a  higliei 


(he  juice  loseu  ita  power  of  crj-sUllisatioii,  and  fonoH  caramel.  The  vacuum  may  be 
considered  as  two  distinet  apparatus:—!.  The  boiling-pan;  2.  The  apparatus  for 
exhatisting  tbe  air  itnd  condcnainf;  the  steam  from  tho  juice- 
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In  France,  Deroaue's  apparatus  is  extensively  used;  but  that  which  we  sb&U 
describe  meets  with  genenil  approval  in  Gcrmauy,  aiid  lias  the  advaulagea  of  being 
simpler  in  coiiBtruction  and  lesa  costly  to  work.  Fig.  323  ia  a  perspective  view, 
and  Fig.  224  a  section  of  this  Tonu  of  evaporating  pan.  The  boiling-pan,  b, 
consists  of  two  air-tight  liemispherea,  aurmuuuted  by  a  funnel  connected  by  the 
tube,  I,  with  the  condenser,  a.  The  apparatus  ia  supplltid  uith  stoam  by  r  i,  the 
steam  circulating  in  the  boiling-pan  by  means  of  the  pipes.  •/,  Fig.  224.  By  opening 
the  lever  valves,/,  the  Juice  can  be  run  by  means  of  tlio  pipe,  o,  into  the  paa.p. 
When  the  pan.  after  continued  boiling,  requires  to  bo  rc-iillcd.  tlie  pipes  I  and  w 
ue  connected  to  on  air-pump.  Tliu  manometer,  h,  shows  tlie  state  of  thu  air-pressure, 
which  can  be  regulated  by  opening  the  pipes  comiected  to  the  vacuum -chamber.  By 


means  of  the  gauge -cylinder,  o,  tlic  quantity  of  syrup  in  the  boiling-pan  can  bo 
ascertained,  the  gauge 'Cylinder  being  connected  to  the  boiling-pnu  by  tiie  pipes  n 
mnd  i,  and  the  height  read  olf  from  the  gauge-tube,  n.  Tlie  syrup  can  be  removed, 
for  the  purpose  of  ascertaining  its  consixtency,  from  the  gauge -cylinder  by  means  of 
either  of  the  three  pipes,  b  c  d.  By  u  8t«am  can  be  ailinitted  to  the  boiling-pan  and 
condenser,  e  is  generally  of  stout  glass,  through  wliich  the  state  of  the  juice  can 
be  observed,  g  is  tlie  gruasc-cock,  butter  or  Sostmau'K  parafiiu  being  generally  used 
l4>  prevent  the  adhesion  of  the  scum  to  the  working  parts  of  the  pan,  the  taps.  &c. 
/  is  the  man-hole.  The  condenser  consists  of  the  jacket,  B,  arranged  to  prevent  (he 
mixing  of  the  juice  with  the  water  used  for  condensation,  x  is  tlie  gauge.  Tlie 
pipe  m,  conveying  water  to  the  condenaer,  tcrmiuatea  in  a  roac.  x  ia  a  thermometer, 
showing  the  interior  temperature  of  the  boiling-pan. 

The  air-pump  being  set  in  operation,  tho  tube  c  ia  opened,  and  the  gauge- cylinder 
filled  by  the  juice  rising  from  q.  By  closing  vi  and  opening  z  tho  juice  is  admitted 
to  the  boiling-pan.  When  this  is  half  full  the  steam  pipe.  t.  is  opened,  the  steam 
quickly  beating  the  contents  of  the  pan  to  the  boiling-point.    The  condenser  ia  then 
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placed  in  working ;  by  opening  the  pipe,  l^  the  steam  of  the  juice  passes  into  the 
condenser,  where  it  is  speedily  condensed,  passing  with  tlie  water  through  /3. 
Trappe's  arrangement  is  sometimes  found  useful  in  working  the  Torricelli  vacuum. 
The  condenser  is  io'6  to  ii  metres  above  the  pan ;  from  it  reaches  a  pipe  to  a  water 
reservoir  beneath,  the  height  of  the  water  in  this  pipe  indicating  the  degree  of 
rarefaction  in  the  pan. 

"^"^jdloB?"**  Notwithstanding  the  first  purifying,  many  substances  still  remain 
in  the  juice,  the  carbonic  acid  treatment  not  completely  removing  the  lime,  free 
potassa  or  soda,  ammonia,  and  nitrogenous  organic  substances.  According  to 
Leplay  and  Cuisinier,  looo  hectolitres  of  juice  yield  300  kilos,  of  sulphate 
of  ammonia.  Among  the  former  decomposition  products  are  also  found 
nitrate  and  sulphate  of  potassa,  chloride  of  sodium,  &c.,  besides  levulose,  and 
humus  substances,  which  impart  a  brown  colour  to  tlie  juice.  The  clear  juice  is, 
therefore,  again  evaporated  to  density  of  24°  to  25**  B.,  and  afterwards  filtered  through 
animal  charcoal.  During  this  second  evaporation  tlie  ammonia  is  got  rid  of,  as  weU 
as  the  organic  substances,  while  the  filtration  removes  the  alkaline  salts  and  the 
lime,  and  also  lightens  the  colour. 

5.  Boiling  tlie  Evaporated  and  Filtered  Juice  to  Crystallisation. — ^After  the 
second  filtering  and  evaporation  the  juice  is  technically  termed  "  thin  juice,"  and 
is  concentrated  to  ''  thick  juice "  by  boiling  to  the  point  of  crystallisation.  As 
a  rule,  the  juice  speedily  begins  to  seethe  and  rise  in  the  usual  manner  of  boiling 
fluids ;  but  if  the  throbs  in  this  "  dry  boiling,"  as  it  is  termed,  sound  heavy  or 
dull,  "  fat"  as  it  is  called,  it  indicates  that  some  quantity  of  free  alkali  still  is  contained 
in  the  juice,  and  a  remedy  is  found  in  the  cautious  addition  of  .sulphuric  acid.  The 
estimation  of  the  specific  gravity  of  the  boiled  juice  is  not  practically  available 
as  a  means  of  ascertaining  the  degree  of  concentration.  This  is  best  arrived  at 
by  noting  the  boiling-point  of  the  juice,  which  varies  for  pure  juice  from  112**  to 
120**;  but  generally  an  empirical  test  is  employed,  a  small  quantity  of  the  juice 
being  removed  from  tlie  pan  on  a  stick  of  wood,  and  rubbed  between  the  fingers, 
a  little  practice  soon  enabling  the  workman  to  estimate  pretty  accurately  the 
consistence  of  the  syrup.  In  some  cases  the  juice  is  removed  in  a  ladle,  and  the 
consistency  judged  from  the  tenacity  with  which  the  juice  clings  to  the  side  of  tlie 
ladle  when  sharply  blown  with  the  breath.  The  juice  when  sufficiently  concentrated 
is  removed  to  the  cooler  to  crystallise. 

6.  Preparation  of  Moist  or  Raw  ISugar,  and  of  Loaf  Sugar, — ^When  the  juice 
hafi  been  brought  to  such  a  degree  of  concentration  that  it  crystallises  on  cooling, 
the  final  processes  commence.  The  crystallisation  proceeds  gradually,  the  crystals 
forming  more  quickly  the  purer  the  juice.  The  further  the  purification  has  been 
carried,  the  easier  is  the  separation  of  the  sugar  into  molasses,  and  loaf  or 
crystallised  sugar.  The  loaf  sugar  is  again  warmed  in  a  pan  and  allowed  to  crystal- 
lise in  a  form  to  which  the  general  name  of  sugar-loaf  is  given,  variously  distin- 
guished according  to  tlieir  size  into — 

Loaf  form,  containing  30  to   34  pounds  sugar. 

Coarse  lump  form  „  60  to    70 

Inferior  form      „      120  to  150 

The  forms  are  generally  made  of  clay,  Fig.  225,  encircled  by  a  band  of  wood  to 

preserve  the  shape.    Sometimes  the  forms  are  of  polished  plate  iron ;  papier  tntwhe 

has  been  used  with  tolerable  success  for  this  purpose.     By  the  old  method  of 
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boiling  the  sugar  in  an  open  pan,  the  crystals  fonned  nneqaaUy  in  the  mould, 
•nd  had  to  be  removed  in  several  ways.  The  vafunm  pan.  however,  does  away 
with  this  process,  the  sugar  crystallising  evenly  in  very  large  quantities.  To 
heighten  the  whiteness  of  the  loaf  sugar,  the  manufacturer  sometimes  adds  ultra- 
marine in  quantities  of  zi  pounds  to  looo  cwta.  sugar. 

After  standing  twenty-four  hours  the  sugar  is  suffieiently  set 
to  bo  removed  from  the  mould.  In  working  on  tlie  large  scale, 
the  moulds  are  generally  arranged  as  shown  in  Fig.  226,  tlie 
overflowing  syrup  falling  into  m,  whence  it  is  conveyed  by  0. 
This  syrup  is  known  in  the  trade  as  green  treacle  or  golden 
^ymp. 

DniniBf  tilt  cnnuii.  II  is  Very  necessary  that  all  sugars  before  being 
moulded,  should  be  thoroughly  drained  from  all  non -crystallised  jnice, 
whieh  would,  if  allowed  to  remain,  injorioaiil;  affeot  tbe  colonr. 
flimneaa,  and  dryneaa  of  the  sugar-loaf.  The  method  of  effecting 
this  drying  is  by  first  passing  a  small  (luontity  of  vater  throagh  the 
sugar;  the  water  combines  with  a  small  portion  of  the  snear  to 
form  a  very  pore  ayrap.  which  supplants  the  molaaaea  or  nou- 
oiTBtalliBed  juice  in  the  interaticea  of  the  loaf.  Practically  this 
Altering  takes  place  in  linen  cloths,  or  the  form  is  filled  with  a  layer  of  pure  juice  to  a 
thickness  of  3  to  3  inches,  water  being  added  till  a  syrap  of  the  oonaiBtenay  of  honey 
is  obtained,  when  the  crystallised  sugar  is  forced  in,  and  the  form  set  aside  to  drain, 
lately,  a  snction  apparatus,  the  invention  ol  M.Kransohutz.  baa  been  employed.  This 
»ppaiatiia  conciata  of    the   usnal  series  of 

fonns,  to  the  bottom  of  each  of  which  is  F:a.  3Z6. 

attached  ■  tube   proceeding   to   a  vaonnm       .      ,_ ,     ^     _.      _     ui      mh     ■■ 
ehamber,  serving  ^so  as  a  reservoir  tor  the     ^'     (Bji   'tji/'pt''  i'B'''>l'' ''fH''' ifTit"! 


lb>  oniicUn«iii  Diiu,  The  labotu  and  miccr. 
tainty  attending  the  above  methods  of  drying 
have  given  rise  to  the  invention  of  a  ma- 
(thine  by  which  the  nou-crystaUised  juice 
may  be  extracted  before  the  sugar  is  moulded. 
Bobutzenbach'a  machine  for  this  purpose  merely  consists  of  a  cistern,  the  bottom 
ol  which  is  formed  by  fine  metal  sievea.  admitting  the  percolation  of  the  joioe, 
the  damp  angar  crjBtala  being  removed  from  the  cistern  and  placed  in  forms.  .Bnt 
the  most  effective  is  the  centrifugal  drier,  shown  in  Fig,  Z3j,  the  invention  of  M. 
Peeea.  consisting  of  an  open  drum,  a,  of  fine  meshed  wire-work,  caused  to  revolve 
in  the  cast-iron  caae,  bb,  by  means  of  the  bevel-wbeels,  cd,  gearing  with  a  motive 
power,  the  dram  m^ing  1000  to  1500  revolutions  per  minute.  The  motion  of 
the  dram  can  bo  stopped  by  means  of  the  break.^.  and  regulated  by  the  weights  placed 
ato.  The  sugar  containing  non-crystallised  juice  Is  poured  into  the  drum,  which  being  set 
in  tevolntion,  the  molasses  ia,  by  centrifugal  force,  driven  through  the  sieve,  the  dry 
sngat  remaining  in  masses  of  60  to  too  ponnds  weight.  The  action  of  the  machine  is 
aided  by  the  cone,  g.  By  means  of  this  apparatus,  a  hundredweight  of  sngar  can 
be  dried  in  ten  to  fifteen  miuntes. 

Bmmu  Lhr  soui  boD       When  all  the  syrup  has  been  removed,  the  bottom  of  the  loaf  in 
tEj^oim.  [jiQ  for[n  becomes  qnito  dry  and  hard;   the  loaf  is  now  loosened  in 

the  mould  by  means  of  a  long  knife,  so  that  when  the  mould  ia  inverted,  the  angar-loaf 
may  stand  by  itself  on  the  "  unloading  block."  as  the  bench  is  termed  where  this  opera- 
tion takea  place.  From  the  unloading  block  the  loaf  is  removed  to  the  drying  room, 
where,  first  at  a  temperature  of  25°  and  finally  at  50°,  it  is  dried.  The  loaf  is  now  ready 
for  the  market  or  warehouse.  When  the  rare  juioe  is  evaporated  to  the  crystallising 
point,  the  small  granular  crystals  formed  npon  cooUng  ore  commercially  known  aa 
the  first  prodnct ;  the  symp  removed  atill  contains  a  quantity, of  crystallisable  sugar,  and 
is  further  evaporated,  the  rcsnit  being  known  as  the  second  product,  and  of  oonrsa 
considered  inferior  to  the  first.  In  the  same  way  a  third  and  a  fourth  prodnot.  known  aa 
atter-prodnets,  may  be  obtained.    On  an  average  100  kilos,  of  beet-root  yield ; — 
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First  pTodnct  at  97  per  cent 5'So  MloH. 

Second       „       91       „  3-15     „ 

Third  „        87      o-8o     „ 

'  8-85  luloi. 
Fonrtli  product, moloaaca,  Ac 3'65    „ 

TotFJ 11-50  kiloB. 

And  sRnin,  the  snfiarH  of  each  refininf;  is  distingoiflhed  according  to  its  qniUily,  viz.,  m 
nfincd  Kngnr.  lamp  or  boiled  xngar,  cryBtallitted  EF^ar.  mw  or  moiitt  sugar,  and  molaanes. 
BMUoiuHn.  The  molasses  bo  krgel}-  formed  during  the  mannfacture  of  beet-root 
sugar  coattiins  most  of  tiie  foreign  anbatanres — caramel,  salts,  nspartic  acid — 
common  to  Ihe  rnnc-sugur  molaKSCS.  Beet  molasses  is  used  extensirely  for  sweeten- 
ing pnrpoBce.  for  the  preparaliou  of  a  coarse  spirit,  and  in  manj  parts  of  Fraiicc 
and  Germany  as  fodder  for  cattle.  The  quality  depends  on  the  mode  of  preparing; 
tlie  beet.     100  parts  of  molasses  conliiin  ; — 

Sugar    501  490  480  507 

Non-saccharine  matter       ...         33'3  358  34-0  30-8 

Water    i6-6  152  180  185 


The  large,  hard  crjatals 
formed  during  the  Tarioua  stages  ol 
Bogsr  manufacture,  are  knomi  as  sugar- 
candy.  The  comntercittl  article  is  gene- 
rally obtained  from  cane  sugar,  the 
crystals  of  beet-root  sugar  being  too  long 
and  flat.  The  amount  of  augor-candy 
made  from  beet  sugar  does  not  exceed 
sopercont  of  the  entire  production.  The 
BDgar  selected  for  candy  ia  mixed  nith 
3  to  4  per  cent  of  animal  cbarcoal, 
then  cleared  nitb  white  of  egg,  and 
filtered.  It  is  next  boiled  in  a  copper 
or  an  enamellcil  iron  pan  over  an  open 
fire ;  whence  it  ia  conveyed  to  a  cryatal- 
hsing ,  vesael,  Ibe  sides  of  which  aro 
perforated  with  a  series  of  holes,  in  eight  or 
ten  concentric  rings,  the  distance  between 
each  hole  laterally  being  less  than  that 
between  each  ring.  Through  these  holes 
the  candy  oiystelliBes,  the  size  of  the 
holes  being  adjusted  Co  the  consistency  of 
the  boiled  sugar  by  means  of  a  paste 
made  of  fine  clay,  asbea,  and  01. blood. 
The  temperature  of  the  drjing  room 
is  maintained  at  75°  for  six  dajB,  when  it 
ia  reduced  lo  45°  or  50°,  and  in  8  to  :o 
days  the  crystaUisation  is  complete.  DnrinK  the  cryi^taUisation  the  candy  must  not  be  moied 
or  shaken,  or  the  air  allowed  to  affect  it.  Upon  the  completion  of  the  crysttLUixation,  the 
candy  is  found  covered  with  a  mixture  of  symp  and  small  crystals  ;  tbene  are  remuTed  by 
filling  the  crystallising  veasel  with  weak  lime-water.  The  rinaiug  water  mnat  be  lukewarm, 
as  cold  water  cracks  the  ciyataiE,  and  but  water  makes  them,  as  it  ia  technically  termed, 
blind.  The  crystallising  Teasel,  when  emptied  of  the  nnsing  water,  is  soaked  to  remove 
all  saceharino  matter,  and  if  this  be  not  effected  nith  hot  water,  a  smooth  stouo  is  nsed  to 
knock  away  the  adhering  crystals.  After  standing  a  day  to  dry,  the  sugar-candy  is  ready 
rcially  known  as  of  three  kinds  : — the  fineat,  refined  whits, 
,     _.M  ...        ..   w.oolonred  cryNtftl i  and  brown  candy 

— B  parts  of  France  a  dark  candy 
Inferior  cane  sugar  is  employed 


tor  the  market. 

baa  a  large  colonrlesa  crystal ;  yellow  candy,  a 

Is  similar  in  colour  to  ordinary  moist  sugar. 

ig  niajinfactnred  under  the  name  of  Suert  de  Borrhave. 
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lor  the  brown,  boiled  sugar  for  the  yellow,  and  refined  sngar  for  the  white  candy.  Sugar- 
candy  is  extensively  used,  the  white  principally  in  preparing  "Liqueur,"  a  solution 
of  oandy  in  wine  or  cognac,  also  in  champagne  manufacture,  and  in  all  cases  where  a 
elear  sweetening  solution  is  required  in  large  quantities.  The  yellow  candy  is  used 
for  sweetening  tea  and  coffee  in  restaurants,  and  enters  largely  into  the  recipes  of  the 
pharmaceutist  for  affections  of  the  throat  and  chest,  as  well  as  for  making  syrups 
intended  as  vehicles  for  nauseous  medicines. 

The  total  annual  production  of  beet-root  sugar  amounted  in  1870  to  16,000,000  cwts., 
of  which  6,000,000  cwts.  are  due  to  France. 

Grape  Sugar. 

Gr»p«  Sugar.  Grape  sugar,  potato  sugar,  starch  sugar,  glucose,  or  dextrose,  is 
a  sugar  crystallisable  with  difficulty,  occurring  in  a  non-crystallised  state  as  levtdose 
or  chylariose  (yvXapiov,  syrup)  in  many  sweet  fruits,  in  the  vegetable  kingdom,  and 
it  forms  the  solid  crj'stalline  portion  of  honey.  It  may  bo  obtained  by  any  of  the 
following  processes : — 

a.  By  the  conversion  of  starch,  dextrine,  cane  sugar,  or  some  gums  by  means  of 

dilute  acids  or  diastase. 

b.  By  treating  cellulose  and  similar  vegetable  matter  with  dilute  acids. 

c.  By  decomposing  organic  substances,  such  as   amygdalin,  salicin,  phloridzin, 

populin,  quercitrin,   gallo-tannic  acid,  &c..  tliat  by  treatment  with  dilute 

acids  or  s}Tiaptase  (emulsin)  are  separated  into   grape   sugar  and  other 

substances. 

Grape  sugar  is  found  in  the  various  fruits  in  the  following  quantities  : — 

Per  cent. 

Peach 1*57 

Apricot I  -So 

Plum 2*12 

Raspberry 4-00 

Blackberry 4*44 

Strawberry 5*73 

Bilberry       578 

Currant        6*  10 

Plum 6*26 

Gooseberry 7*15 

Cranberry 7*45  (according  to  Fresenius). 

Pear      ' 8-02  to  10*8  (E.  Wolff). 

Apple 8*37  (Fresenius). 

„      7-28  to  804  (E.  Wolff) 

Sour  cherry 877 

Mulberry      g-ig 

Sweet  cherry       1079 

Grape i4'93 

Grape  sugar,  CeHiaOe.HaO,  crystaUises  from  its  aqueous  solution  in  granular^ 

hemispherical,  warty  masses.     It  is  less  easily  soluble  in  water  than  cane  sugar, 

and   requires  li    of   its  own   weiglit  of  cold  water,  while   in   boiling  water  it  is 

soluble  in  all  proportions,  forming  a  syrup  possessing  but  poor  sweetening  qualities. 

There  are  required  24  times  more  grape  sugar  than  cane  sugar  to  sweeten  tlie  same 

volume  of  water.     At  120°  grape  sugar  loses  its  water,  and  has  the  formula  CeHiaOe- 

At  140"  it  is  converted  into  caramel.     Heated  with  caustic  alkalies  melassic  acid  is 

formed,  together  with  humus-like  substances.    Treated  with  sulphuric  acid,  grape 

sugar  forms  sulpho-saccharic  acid,  and  with  common  salt  a  soluble  compound  of 

sweetish  saline  taste.    With  caustic  potash  in  excess  a  grape  sugar  solution,  when 

heated  to  the  boiling-point,  reduces  tlie  hydrate  of  oxide  of  copper  to  suboxide, 

oxide  of  silver  to  metallic  silver,  and  cliloride  of  gold  to  metallic  gold.     A  mixture  of 
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ferridcyamde  of  potassinm  and  potash  with  the  aid  of  heat  decomposes  grape  sugar, 
and  discharges  the  original  yellow  colour  of  the  fluid.  Under  the  influence  of  a 
ferment  grape  sugar  suficrs  many  changes,  the  product  varjdng  with  the  ferment  and 
method  of  treatment  employed.  Beer  yeast  decomposes  grape  sugar  into  alcohol 
and  carhonic  acid. 
J^  100  kilos,  of  grape  sugar  give : — 

Alcohol      5111 

Carhonic  acid    ...    4889 

There  are  also  found  under  certain  conditions  of  temperature  and  concentration 
the  homologues  of  alcohol,  viz.,  propylic  alcohol,  butylic  alcohol,  and  amylic  alcohol, 
and  under  all  conditions  glycerine  and  small  quantities  of  succinic  and  lactic  acids. 
When  fermentation  is  eflected  in  the  presence  of  alkaline  reagents,  lactic  acid  is  formed 
without  any  disengagement  of  gas.  Ordinarily  the  formation  of  lactic  acid  is  merely 
a  stage  in  the  process  of  conversion,  the  lactic  acid  decomposing  into  butyric  and 
acetic  acids  with  development  of  hydrogen.  Under  certain  conditions  mannite 
may  be  prepared  from  grape  sugar ;  several  other  gum-like  substances  may  also  be 
obtained.  If  to  a  grape  sugar  solution  a  small  quantity  of  caseine  and  of  carbonate 
of  lime  be  added,  and  the  mixture  submitted  to  a  temperature  of  90*^,  butyrate  of 
lime  will  be  thrown  down  after  fermentation,  carbonic  and  hydrogen  gases  being 
continuously  evolved. 

PftpAnuon  of  onpe  Sugar.      Grape  sugar  may  be  prepared  from : — 

a.  Grapes. 

b.  Starch. 

c.  Wood  and  similar  vegetable  substances. 

When  grape  sugar  is  prepared  from  the  grape,  the  juice  of  the  white  grape  is 
preferred,  and  set  aside  to  clear.  The  cleared  must  is  heated  to  the  boiling-point  with 
pieces  of  marble,  chalk  (not  with  burnt  lime),  or  witherite  (carbonate  of  baryta)  to 
neutralise  a  portion  of  the  tartaric  acid.  It  is  then  allowed  to  stand  for  twenty-four 
hours,  and  during  this  time  the  insoluble  salts  of  lime  are  deposited.  The  must  is 
now  cleared  with  ox  blood  in  the  proportion  of  2  to  3  litres  of  blood  to  100  litres  of 
must,  and  next  evaporated  to  26°  B.  After  remaining  a  short  time  in  a  tub  to  clear, 
the  impurities  are  removed,  and  the  must  again  evaporated—  this  time  to  34*^  B. 
By  these  means  a  syrup  is  produced,  from  which  the  grape  sugar  can  be  imme- 
diately obtained.  The  syrup  is  concentrated  by  boiling  and  nm  into  crystallising 
vessels,  where  after  three  to  four  weeks  the  sugar  crystallises  out ;  it  is  separated 
from  the  non-crystallised  chylariose  in  a  centrifugal  machine.  For  experimental 
purposes  the  crystals  may  be  separated  by  placing  the  concentrated  syrup  on  a 
heated  porcelain  or  glass  plate. 

1000  parts  by  weight  of  grapes  give : — 

Must    800 

Syrup 200 

Raw  grape  sugar      ...     140 

Pure  grape  sugar      ...  60—70 
The  preparation  of  grape  sugar  from  starch  is  an  important  branch  of  the  sugar- 
boiler's  art.    Dilute  sulphunc  acid  and  the  fecula  of  potato  starch  are  the  active 
agents.    The  principal  processes  are  tlie  following : — 

a.  The  boiling  of  the  starch-meal  with  dilute  sulphuric  acid  is  eflected  on  a  small 
scale  in  leaden  pans,  butin  an  extensive  preparation  iron  pans  are  employed.    The 


SUGAR.  385 

requisite  qnantity  of  water  is  first  heated  to  the  boiling-point,  and  to  this  is  added 
the  snlphuric  acid  dilated  with  3  parts  by  weight  of  water.  The  starch  is  also 
previously  brought  by  the  addition  of  water  to  a  milky  consistency.  The  liquids  so 
prepared  are  mixed,  and  the  boiling  continued  until  all  the  starch  is  converted  into 
sugar.  An  intermediate  stage,  not  usually  noticed  by  the  manufacturer,  is  the 
conversion  of  the  starch  into  dextrine,  which  in  its  turn  suffers  conversion  into 
grape  sugar.  The  entire  conversion  of  the  dextrine  into  grape  sugar  cannot  be 
ascertained  with  certainty  by  the  iodine  test,  as  sometimes  a  purple-red  tint  is 
produced,  while  in  others  there  is  no  change.  The  most  reliable  test  is  that  with 
alcohol,  founded  on  the  known  insolubility  of  dextrine  in  an  alcoholic  menstruum.  To 
I  part  of  the  solution  to  be  tested  there  are  added  6  parts  of  absolute  alcohol ;  if  no 
precipitate  is  thrown  down  there  is  no  dextrine  remaining,  and  the  conversion  has 
been  entire.  The  proportions  of  the  materials  are  generally  to  100  kilos,  of  starch 
meal — 2  kilos,  of  ordinary  sulphuric  acid  of  60°  B.  and  300  to  400  litres  of  water. 
The  conversion  of  the  starch  into  grape  sugar  is  hastened  by  the  addition  of  a 
.  small  quantity  of  nitric  acid. 

b.  The  separation  of  the  sulphuric  acid  f  rani  the  sugar  solution  is  a  most  important 
operation,  for  the  colour,  purity,  and  flavour  all  depend  upon  success  in  this  stage 
of  the  process.    The  acid  is  neutralised  by  baryta  or  by  hme,  with  either  of  which 
it  forms  an  insoluble  salt,  deposited  at  the  bottom  of  the  neutralisation  vessels,  and 
leaving  a  clear  supernatant  syrup.      The  bar3rta  can  be  employed  as  carbonate 
(witherite),  and  is  without  doubt  the  better  neutralising  agent,  sulphate  of  baryta 
being  very  insoluble.    Lime,  although  ordinarily  used,  forms  with  the  sulphuric  acid 
a  sulphate  (g3rpsum)  that  is  not  perfectly  insoluble  in  water.    It  can  be  employed 
either  as  marble,  chalk,  or  caustic  lime.     The  neutralisation  is  completed  in  the 
boiling-pan  while  the  sugar  solution  is  still  hot.    For  every  kilo,  of  sulphuric  acid 
(technical  atomic  weight  =  100  to  106)  so  much  pulverised  marble  (chemical  atomic 
weight  =  100)  is  required  as  the  varying  strength  of  the  acid  may  demand.    After 
the  addition  of  the  marble  powder,  and  when  the  effervescence  has  subsided,  the 
liquid  must  be  tested  with  litmus  paper,  or,  better,  with  tincture  of  litmus;   if 
the  sugar  solution  be  neutralised  when  at  26"  B.  density,  the  following  evaporation 
will  concentrate  even  the  smallest  quantity  of  sulphuric  acid  which  may  have 
remained,  and  render  another  neutralisation  necessary.     To  ensure  perfect  neutral- 
isation it  is  useful  to  add  an  excess  of  carbonate  of  baryta  in  the  projwrtion  of  250 
to  500  grms.  to  every  10  kilos,  of  sulphuric  acid. 

c.  Evaporating  and  Purifying  the  Sugar  Solution. — This  part  of  the  process  is 
accomplished  first  in  a  copper  pan  over  a  slow  fire,  or  better,  by  heating  with  steam. 
The  impurities  separate  and  are  absorbed  in  the  scum,  which  is  removed  by  means 
of  ladles.  The  evaporation  is  continued  until  the  syrup  marks  15°  to  16°  B.,  when  it 
is  passed  through  a  filter,  generally  of  animal  charcoal.  It  is  then  removed  to  a 
large  reservoir,  and,  if  a  granular  sugar  be  desired,  evaporated  to  40°  to  41°  B.,  in  flat 
pans,  from  which  it  is  taken  to  be  placed  in  the  crystallising  vessels.  These  vessels 
are  provided  at  the  bottom  with  twelve  to  twenty-four  holes,  into  which  wooden  plugs 
are  fitted,  by  removing  which,  when  the  sugar  has  crystallised,  the  molasses  are 
removed.  Tlie  crystals  are  dried,  sifted,  and  either  pressed  into  sugar-loaf  forms 
or  packed  in  casks.    The  crystallisation  is  eflected  in  eight  to  ten  days. 
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The  mannfBictiire  of  grape  sugar  from  wood  and  similar  vegetable  substances  is 
only  of  value  in  relation  to  the  production  of  spirits,  and  recently  as  a  by-process  of 
the  manufacture  of  paper  from  wood. 

compotiuon  of  starch  suffar.  The  compositiou  of  starch  sugar  as  it  occurs  in  commerce 
is  very  varied.  During  inferior  seasons  the  marketable  starch  sugar  may  con- 
tain 50  per  cent  sugar,  325  per  cent  foreign  substances,  and  17*5  per  cent  water. 
G.  Sohwaendler  found  by  the  analysis  of  various  samples  of  last  year's  (1870)  sugar 

the  following  percentages : — 

I.  2.  3.  4.  5. 

Grape  sugar    675  640  672  758  622 

Dextrine 90  174  91  90  88 

Water       195  11-5  200  131  246 

Foreign  substances 40  71  37  2*1  44 

1000      1000      1000      100*0      1000 

UsM  of  orape  Sagar.  The  sugar  prepared  from  starch,  in  addition  to  the  sugar  yielded 
really  by  the  grape,  is  largely  employed  in  wine-making  and  in  the  brewing  of  beer.  In 
the  latter  case  the  grape  sugar  is  prepared  by  means  of  diastase ;  that  its  use  is  extensive 
may  be  gathered  from  the  fact  that  to  3  cwts.  of  malt  i  cwt.  of  potato  sugar  is 
employed.  It  is  also  employed  instead  of  honey  in  confectionary,  for  colouring  hqnors 
and  vinegars  brown,  in  rum  and  cognac,  beer  and  wines.  In  the  latter  cases  it  isjknown  as 
mcre-couUur,  being  then  a  grape  sugar  that  has  been  re-melted,  sometimes  with  the 
addition  of  carbonate  of  soda  or  caustic  soda  to  deepen  the  colour. 

Fermentation. 

Fammtauoii.  Fermentation  is  a  term  applied  to  the  peculiar  changes  of  complex 
organic  substances  of  the  amylaceous  and  saccharine  type  under  the  influence  of 
certain  putrcscible  nitrogenous  substances  or  ferments.  The  decomposition  of 
fermentable  organic  bodies  by  a  ferment  effects  the  separation  of  tlieir  constituents 
into  two  or  more  combinations,  as  when  by  a  yeast-ferment  dextrose  and  levulose 
are  converted  into  alcohol,  its  homologues,  and  carbonic  and  succinic  acids ;  or  the 
molecules  of  the  original  substance  are  re-grouped,  as  in  the  conversion  of  sugar  of 
milk  into  lactic  acid  during  lactic  acid  fermentation ;  finally,  the  elements  of  the 
organic  substance  may  enter  into  combination  with  the  oxygen  of  the  atmosphere 
either  to  form  new  organic  combinations,  or  to  separate  into  its  inorganic  constituents 
carbonic  acid,  carburetted  hydrogen,  &c.  This  latter  decomposition  is  termed 
mouldering  when  a  residue  rich  in  carbon  (humus)  remains,  but  when  only  the 
mineral  constituents  remain,  (hoay  is  said  to  have  been  reached.  These  terms  are 
thus  defined  more  by  custom  or  usage  than  by  direct  etymolog}'' — dictionaries  hardly 
distinguish  between  them,  but  the  difference  is  known  to  all.  If  large  quantities  of 
water  be  present  both  these  processes  are  resolved  into  putrefaction,  in  which  chiefly 
gases — carbonic  acid,  ammoniacal,  sulphuretted  hydrogen — and  water  are  disengaged. 
But  fermentation  always  results  in  the  remaining  or  the  formation  of  other  organic 
compounds,  and  the  variety  of  fermentation  set  up  mostly  depends  on  the  state  of 
decomposition  of  the  azotised  matter  employed  as  a  ferment.  The  most  important 
ferment  is  undoubtedly  yeast,  but  the  ferment  may  be  eitlier  an  organic  substance 
(yeast)  or  a  protein  body  in  a  putrescent  state — it  is  always  a  nitrogenised  body.  In 
a  technological  work  the  varieties  of  fermentation  may  be  classed  as — 

I.  Vinous  or  alcoholic  fermentation,  including  the  changes  observed  during  the 
processes  of  wine-making,  beer-brewing,  and  the  production  of  alcoholic 
liquors  or  spirits. 
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2.  Lactic  acid  fermentation,  taking  place  daring  the  souring  of  milk ;  and  at  a 

higher  temperature  changing  to 

3.  But3rric  acid  fermentation. 

To  these  fermentations  may  he  added — 

4.  Patrescence,  noticeahle  only  in  technological  chemistry  as  a  stage  to  be 

most  carefully  avoided. 

viaoM  rennenuuon.  Vinous  or  alcoholic  fermentation  is  the  result  of  the  decomposi- 
tion of  saccharine  matter,  dextrose  or  glucose,  levulose  or  chylariose,  and  lactose 
into  several  products,  principally  alcohol  and  carbonic  acid.  According  to  the 
recent  researches  of  Lermer  and  Von  Liebig  (1870)  dextrine  in  the  presence  of  sugar 
is  converted  into  equal  parts  of  alcohol  and  carbonic  acid.  This  will  be  seen  from 
the  following  table,  which  gives  the  result  for  100  parts  by  weight : — 

AlcohoL        Carbonic  Acid. 
Crystallised  dextrose,  C6H14O7,  4640  +  4440  =    9086. 

Anhydrous  dextrose,  CeHiaOg,  51  10  +  48*90  =  loooo 

Cane-sugar,  CiaHaaOu,        53*8o  +  51*46  =  105*26. 

Starch-meal.  C6H10O5,  5678  +  5432  =  iiiio. 

X  mol.  dextrose.  C«H„0«  =  x8o.  gives  (  ^  -J;  St^SSfcO,    =  §8 


i8o 

Recently  Pasteur  has  shown  that  lactic  acid  docs  not  result  from  alcoholic  fermen- 
tation, but  that  succinic  acid  is  a  constant  product  of  this  fermentation  in  quantities 
never  less  than  0'6  to  07  per  cent  of  the  weight  of  the  sugar  employed.  Glycerine 
is  another  constant  production  to  the  extent  of  3  per  cent  of  the  sugar;  this 
substance  occurs  in  all  wines.  The  5  to  6  per  cent  of  substances  remaining  may 
therefore  be  thus  divided : — 


Succinic  acid      

••• 

••• 

06  to  07 

vjriy  cenne    •••     ...     •.•     •••     ••• 

•  •  • 

••  • 

3*2  to  36 

Carbonic  acid     

•.• 

••  • 

06  to  07 

Cellulose,  fatty  substances,  &c. 

■•• 

•  •• 

1*2  to  I'5 

56  to  65 

The  nature  of  alcoholic  fermentation  was  first  investigated  by  Cagniard- 
Latour,  while  our  present  knowledge  is  due  chiefly  to  the  researches  of  A.  de  Bary, 
J.  Wiesner,  Hoffinan,  Bail,  Berkley,  Pasteur,  Hallier,  B6champ,  Lermer.  Yeast  on 
being  introduced  into  a  fermentable  fluid  rapidly  throws  out  fermenting  arms,  as 
it  were,  until  the  fluid  is  covered  with  a  superficial  ferment,  termed  in  German 
the  Oberhefej  while  at  the  bottom  of  the  vessel  a  viscid  sediment  is  deposited,  known 
in  German  as  the  Unterhefe.  The  oberhefe,  or  superficial  ferment,  is  employed 
as  harm  by  the  baker,  for  the  purpose  of  leavening  his  bread ;  while  the  unterhefe  or 
sedimentary  ferment  is  that  employed  in  the  fermentation  of  wines  and  of  Bavarian 
beers ;  these  beers  difler  from  the  general  beers  of  England,  France,  and  Germany,  in 
not  souring  by  exposure  to  air,  tliis  quality  being  due  to  the  peculiarity  in  the 
process  of  fermentation,  Untergahrung,  or  fermenting  from  below,  during  which  the 
gluten,  the  substance  absorbing  the  oxygen  of  the  air,  is  removed.  In  the  distilla- 
tion of  brandy,  the  yeast  employed  is  a  mixture  of  harm  and  bottom  yeast,  as  the 
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terms  run  in  this  country.  Fresh  yeast  appears  as  a  grey-yellow  or  red  froth 
of  strong  odour,  and  with  an  acid  reaction.  Under  the  microscope  the  two  kinds  of 
yeast  are  easily  distinguished.  The  superficial  yeast  or  harm  consists  of  glohular  or 
ellipsoidal  cells  of  equal  size,  and  about  coi  millimetre  diameter.  They  float  partly 
alone,  partly  in  groups  in  the  fluid.  The  walls  of  the  cells  are  so  transparent  that 
the  inner  cells  can  be  seen  tlirough  the  upper.  In  die  centre  of  each  cell  appears  a 
dark  speck  or  grain,  the  protoplaama,  sometimes  consisting  of  more  than  one  grain. 
The  bottom  yeast  or  sedimentary  ferment  also  consists  of  cells,  but  these  do  not 
cling  together  so  tenaciously  as  tlie  celts  of  the  barm,  and  are  generally  isolated, 
while  the  adhesion  is  merely  mechanical  between  those  that  do  cling  together,  a 
slight  coscussLon  being  sufEcient  to  eflect  their  separation.  Sometimes  a  large  cell  of 
the  bottom  yeast  contains  two,  three,  or  even  four  smaller  cells,  the  dimensions  of  these 
cells  varying  greatly,  and  not  being  nearly  so  constant  as  in  the  cells  of  the  barm, 

"  I  found,"  says  Dr.  Wagner,  "  from  the  researches  of  Mitscherlich,  communicated 
to  the  Philosophical  Faculty  of  the  University  of  Leipsig,  that  the  sprouting  or  trans- 
planting of  the  cells  had  been  actually  witnessed  under  the  microscope — that  a  parent 
cell  had  been  observed  to  put  forth  little  cells,  which  gradually  grew  in  size.  Tliese 
observations  had  been  made  witli  barm  or  superficial  yea«t,  and  I  wished  to 
ascertain  if  the  cells  of  the  bottom  yeast  or  sedimentary  ferment  were  propagated  in 
the  same  manner.  For  tliis  purpose  I  placed  a  sedimentary  yeast-cell,  containing  a 
germ,  under  the  microscope  in  a  bath  of  concentrated  beer- worts.  The  temperature 
varied  between  7°  to  10°.  The  cell  remained  unaltered  for  some  time,  but  finally 
there  appeared  30  to  40  small  cells.  Tliese  cells  were  either  separated  from  the 
mother-cell  by  the  bursting  of  the  cell  walls,  or  had  been  introduced  as  spawn  into 
the  field  of  the  microscope  in  the  beer-worts ;  which  was  the  true  case  the  microscope 
could  not  reveal,  for  no  separated  spawn  were  visible.  An  analysis  of  the  two 
yeasts  gave : — 

•  Barm.         Sedimentary  Yeast. 

Carbon      44*37  49*76 

Hydrogen 6*04  6'8o 

Nitrogen 9*20  9*17 

Oxygen,  sulphur,  and  ash     40*38  34*26 

"  The  barm  contained  2*5  per  cent,  the  sedimentary  yeast  5*29  per  cent  of  ash. 
The  amount  of  sulphur  was  0*5  to  0*8  per  cent.  The  ash  consisted  essentially  of 
potash,  phosphoric  acid,  silica,  and  magnesia." 

According  to  the  recent  researches  of  Ldebig,  Pasteur,  Lemaire,  and  others, 
alcoholic  fermentation  is  essentially  due  to  the  formation  of  yeast  cells,  and  to  tlie 
development  of  organic  substances.  Tliere  are  two  cases  to  be  considered.  Yeast, 
with  its  botanical  names,  Sacchamnn/cea  cerevis'ue,  or  Jlonniseium  cerevisite^  a 
descendant  of  the  fungi,  PeniciUium  tjhiuciim,  Ancopkora  Mucedo,  A.  eU^ans,  and 
Periconiu  hyaUnay  the  spawn  of  which  is  always  occurring  in  the  atmosphere,  ferments 
either  with  a  pure  sugar  solution,  without  the  existence  of  protein  substances,  or 
in  the  presence  of  albuminous  substances.  The  latter  case  occurs  also  when 
a  solution  of  sugar  containing  an  albuminous  body  is  so  situated  as  to  be  partially  or 
wholly  open  to  atmospheric  influence.  The  local  ferment  floating  in  the  air  in  the  shape 
of  yeast-spawn  finds  in  tliis  solution  a  ready  agent  for  its  extension.  But  in  the  first 
case,  where  the  sugar  solution  is  mixed  with   the  yeast,  without  the  necessary 
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protein  substaace  as  food  or  nonrishment  for  the  cells,  the  fermentation  is  after 
a  time  exhausted,  and  is  not  again  set  np.  It  is  for  a  similar  purpose  that  during 
the  process  of  brewing  the  yeast  cells  are  fed  with  a  substance  formed  in  the  germi- 
nation of  barley.  During  this  germination  tlie  gluten  of  the  seed  passes  over  into 
diastase,  of  all  nutriment  that  upon  which  the  yeast  cells  flourish  best. 

The  nature  of  the  yeast  cell  is  a  most  interesting  question.  It  is  more  nearly  allied  to 
the  animal  or  to  the  vegetable  kingdom  ?  The  line  of  demai'cation  is  not  always  defi- 
nite, yet  there  would  appear  some  interesting  analogies  that  should  not  be  overlooked. 
*'  riants,"  says  Professor  Williamson,  *'  build  up  complex  substances  from  simple. 
All  the  most  complex  substances  that  we  can  get  are  made  in  the  organisms  of 
plants.  They  may  have  been  taken  over  by  animals  from  plants,  but  they  are 
formed  in  the  main  by  plants.  And  the  chief  chemical  activity  of  animals  is 
precisely  opposite ;  tiiey  take  those  complex  substances  and  break  them  down, 
by  means  of  their  vital  functions,  to  tiie  simple  products  which  are  exlialed  and 
given  off  in  the  processes  of  animal  life.  Therefore,  the  question  wheUier  the 
process  which  the  yeast  carries  on  is  a  synthetical  process — a  building  up — or  whetlier 
it  is  in  the  main  an  analytical  process,  is  certainly  one  of  the  most  important  wliich 
can  guide  us.  From  what  we  know  best  regarding  the  nature  of  the  yeast  cells,  the 
food  whicli  we  know  they  take  in  large  quantities,  and  upon  which  they  thrive, 
is  certainly  exceedingly  complex,  and  tiie  products  which  they  give  off  are  exceed- 
ingly simple  in  comparison.  Their  functions  are  in  tiie  main  (those  which  we  know 
best  at  any  rate)  analogous  to  those  which  take  place  in  animal  organisms,  and 
are  most  remote  from  those  which  take  place  in  vegetable  organisms." 

Among  the  most  remarkable  decompositions  effected  with  the  aid  of  yeast  cells  are 
those  described  by  Liebig  in  a  recent  paper,  in  which  it  is  stated  that  yeast  cells  will 
assimilate  tartaric  acid,  malic  acid,  and  nitric  acid ;  tiie  lattei;  it  deprives  of  a  portion 
of  its  oxygen,  converting  it  to  nitrous  acid. 

condittoiui  of  AJeohoiie  or      l^he  conditions  of  alcohcliq  fermentation  are  the  general  conditions 
vinou*  PermenutioD.     of  the  vegetation  of  the  yeast  plant,  with  the  distinction  that  by  vinous 
fermentation  the  largest  amount  of  alcohol  is  obtained.     The  following  conditions  must 
be  fulfilled  when  alcoholic  fermentation  is  the  desideratum  : — 

1.  An  aqueous  solution  of  sugar ^  in  the  proportion  of  i  part  of  sugar  to  4  to  10  parts  of 
water.  The  sugar  can  be  employed  as  giapc  sugar,  dextrose  or  levulosc,  which  is  always 
capable  of  fermentation,  or  an  unfermcutable  sugar,  cane  sugar,  or  sngar  of  milk,  may  be 
converted  by  moans  of  an  acid  or  suitable  agent  into  fermentable  sugar.  However 
gradual  the  process  may  seem,  cane  sugar  is  always  converted  into  grape  sugar  before  fer- 
mentation sets  in. 

2.  The  presence  of  yeiist,  or  spaxtn.  In  the  first  case,  i  part  of  yeast  to  5  parts  of  sugar 
is  sufficient  to  effect  a  strong  fermentation.  If  spawn  only  is  ])re8ent,  there  must  also 
be  present  substances  upon  wliich  the  spawn  may  feed  or  develope— protein  substances, 
phosphoric  acid,  humus,  and  alkalies.  If  no  ferment  exists,  the  only  other  condition 
under  which  fermentation  is  effected  is  by  exposure  to — 

3.  The  atmosphere^  which  introduces  the  before-mentioned  ferment  and  furnishes  life. 

4.  A  knovm  temperature ^  the  limits  of  which  are  5°  and  30°  C.  As  a  rule  vinous  fermen- 
tation is  effected  between  g**  and  2$°.  The  lower  the  temperature  the  longer  the  time 
required  for  the  fermentation  to  subside,  and  conversely.  At  30**  and  at  higher  tempera- 
tures, the  vinous  fermentation  easily  goes  over  into  butyric  acid  fermentation.  The 
making  of  wines  is  based  on  a  practical  acquaintance  with  alcoholic  fermentation ;  but 
in  this  case  only  a  portion  of  the  sugar  of  the  must  goes  over  into  alcohol  and  carbonic 
acid.     The  alcohol  remains,  while  the  greater  part  of  the  carbonic  acid  escapes. 

In  beer-brewing  the  substance  forming  alcohol  is  mostly  starch,  part  of  which  goes  over 
into  unfermentable  dextrine,  but  the  greater  into  easily  fermentable  dextrose.  It  is 
arranged  that  the  beer  shall  hold  a  small  portion  of  the  dextrose  unchanged  until  the  after- 
fermentation  at  a  lower  temperature,  during  which  much  of  the  carbonic  add  is  expelled, 
the  alcohol  remaining  in  the  beer. 
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In  the  brewing  of  beer,  only  a  part  of  the  raw  material  or  starch  employed  goes  over 
into  dextrose,  and  finally  into  ^cohol  and  oarbonio  acid;  but  in  the  mannfaotore  of 
spiritnons  liqaors  the  given  material — starch  or  sugar — is  converted  into  the  greatest 
possible  quantity  of  alcohol  in  the  shortest  time,  and  afterwards  separated  by  distillation. 
The  aim  of 'the  wine  maker  is,  of  coarse,  to  produce  the  greatest  quantity  of  wine;  of  the 
brewer,  the  maximum  amount  of  beer;  and  of  the  distiller,  the  largest  yield  of  spirit. 
The  residue  from  the  distillation  of  spirits  is  often  employed  in  making  concentrated  food 
for  animals. 

In  the  baking  of  bread  and  confectionary  the  lightening  or  leavening  of  the  dough  is 
effected  by  alcoholic  fermentation,  but  only  the  carbonic  acid,  and  not  the  alcohol,  is 
of  use.  m  the  foregoing  illustrations  of  the  application  of  fermentation,  it  will  have 
been  perceived  that  the  object  is  the  generation  of  alcohol  or  of  carbonic  add,  or  of  both, 
according  to  the  requirements  of  the  case.  The  particulars  we  will  consider  under 
separate  divisions. 

Wine-Making. 

wine.  By  the  name  of  wine  is  generally  distinguished  an  alcoholic  fluid  prepared 
without  distillation  by  the  fermentation  of  grape-juice.  In  the  widest  meaning 
of  the  term  is  included  the  result  of  the  vinous  fermentation  of  all  natural  juices. 

TiM  Vine  and  iucoitiTaUon.  The  vine,  VitU  vifiifera^  is  generally  cultivated  in  Europe  at 
a  temperature  of  50°,  while  the  best  and  ripest  drinking  vrines  are  obtained  from 
grapes  grown  at  a  temperature  of  51°  to  52".  It  requires  an  average  temperature  of 
10^  to  11°,  and  an  average  summer  temperature  of  18°  to  20° ;  but  it  is  the  summer's 
sun  that  forms  the  sugar.  A  climate  with  severe  winters  and  hot  summers  is  therefore 
as  favourable  to  the  cultivation  of  the  grape  as  a  temperate  climate.  England,  with  a 
mean  average  umual  temperature  of  11'',  is  consequently  very  unsuited  to  the  growth 
of  the  vine.  The  weather  has  the  greatest  influence  upon  the  vine :  during  the 
growth  rain  is  required,  but  during  the  ripening  only  the  sun's  rays  should  reach  the 
grape.  The  soil  is  not  so  much  a  matter  of  consequence  if  a  quantity  of  potash  be 
present ;  but  a  warm,  loose  soil  is  the  best.  Clay  shale,  clay  marl,  gypsum,  lime, 
and  chalk  formations  are  very  suitable  to  the  vine.  The  uses  of  the  grape  are 
numerous  in  the  highest  degree ;  it  serves  chiefly  in  the  preparation  of  must  for 
wine,  the  preparation  of  grape  sugar.  French  brandies  or  cognacs,  wine- vinegars,  &c. 
Oil  is  prepared  from  the  seeds,  and  the  lees  are  burnt  for  their  potash. 

vintagt.  The  sugar  is  found  at  an  early  stage  of  the  growth  of  the  grape.  "When 
unripe  the  grape  contains  malic,  citric,  and  tartaric  acids,  bitartrate  of  potash  and 
lime,  organic  salts  in  smaller  proportions,  and  a  littie  colouring  and  extractive 
matters.  Successive  analyses  have  been  made  of  the  grape  during  its  period  of 
growth  by  0.  Neubauer,  from  samples  obtained  from  the  Neroberg,  near  Wiesbaden 
(1868),  and  have  given  the  following  results : — 

0*6  per  cent  Sugar  and  2*7  per  cent  free  acid. 
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It  appears  that  the  riper  the  grape  the  more  sugar  it  contains,  and  it  produces  a 
wine  richer  in  alcohol,  so  that  the  grapes  are  never  gathered  until  perfectly  ripe.  The 
grapes  of  the  white  vino  are  of  a  brown-yellow  when  ready  for  gathering  for  wine, 
and  the  red  and  blue  grape  must  be  extremely  dark  before  the  seed  will  separate 
from  tlie  fleshy  part  of  the  grape  sufficiently  for  wine-making  purposes. 

The  grapes  are  sometimes  plucked,  and  sometimes  left  on  the  stalk.  The  separation 
of  the  grape  from  the  stalk  is  effected  either  by  hand  or  by  the  aid  of  a  hurdle,  the 
openings  between  the  bars  of  which  are  only  sufficiently  wide  to  admit  of  the  passage  of 
the  grape,  or  by  a  wooden  or  brass  trellis-work,  or  finally  with  a  large  wooden  fork  0*5  to 
o'6  metres  in  length.  The  stalk  contains  much  tannic  acid,  and  it  is  therefbre  necessary 
that  all  the  grapes  should  be  thoroughly  separated  before  pressure ;  but  in  some  oases 
when  the  grape  contains  too  little  of  this  acid,  a  few  stalks  are  purposely  allowed  to 
remain. 

"^^^^GrtJSJ^  ****    After  the  grapes  are  stripped  from  the  stalks,  they  are  placed  in  a 

vat  and  stamped  with  a  wooden  maul  or  pestle  to  express  the  juice.    They  are 

generally  allowed  to  remain  for  some  time,  and  afterwards  submitted  to  a  second 

bruising,  the  maceration  being  for  the  purpose  of  softening  the  skins  and  fleshy  part 

of  the  grape.    The  whole  of  the  juice  and  grape-skins,  or  marc,  is  then  put  into  a 

butt  with  perforated  sides,  through  which  the  must  trickles  into  the  fermentation  vat 

beneath.    If  a  white  wine  is  being  operated  upon,  to  prevent  it  becoming  stringy y  as 

the  term  runs,  from  an  insufficient  supply  of  tannic  acid,  small  quantities  of  stalks 

are  added  from  time  to  time.     This  addition  renders  the  wine  more  easily  clarified 

by  the  addition  of  white  of  egg  or  isinglass  in  a  subsequent  stage  of  the  process.  While 

the  wine  is  in  the  vat,  the  fermentation  is  allowed  to  proceed,  and  the  slight  acidity 

generated  reacts  upon  the  colouring  matter  and  aromatic  constituents  of  the  grape, 

these  being  taken  up  in  the  alcohol  set  free. 

The  wine-presses  are  of  very  various  construction.  The  most  general  is  the  beam-press, 
roughly  constructed  with  a  pole  12  to  16  metres  in  length,  and  four  to  six  oaken  cross  beams. 
These  presses  have  considerable  power,  but  they  are  tedious  to  work,  and  soon  get  dirty. 
The  lever-press  is  more  efficacious,  and  is  made  in  many  forms,  the  pressure  being  mostly 
from  below.  The  hurdle-  or  sledge-press  is  of  the  rudest  kind,  consisting  merely  of 
hurdles  and  rough  heavy  stones.  The  best  presses  are  the  screw-presses  made  of  wood 
or  cast-iron.  100  parts  of  grapes  yield  60  to  70  parts  of  must.  The  ripest  grapes  yield 
the  first  juice  in  the  press ;  the  results  of  stronger  pressure  are  more  acid.  The  result  of 
the  first  pressure  is  termed  the  wine  or  the  first  wine ;  then  comes  the  press  wines ;  and 
finally  the  after  wines.  The  residue  or  marc  is  sometimes  treated  with  water  to  obtain 
an  inferior  wine. 

The  centrifagAi  Maehine.      In    1862   Stclnbeis,  of   Stuttgart,  with   the  co-operation  of 

Keihlen,    endeavoured  to  express  the  juice  of  the  grape  with    the    aid  of  the 

centrifugal  machine  instead  of  the  press.     They  were  enabled  in  ten  minutes  to 

express  the  juice  perfectly  from  loo  to  120  pounds  of  grapes,  including  tlie  time 

required  to  fill  and  empty  the  machine.    In  1869,  Ballard  and  Alcan  obtained  equally 

successful  results,  some  of  which  were  made  comparative  with  those  obtained  by  a 

good  press: — 

Centrifugal  Machine.  Press. 

Must      79*141  77086 

Residue 20*214  18*601 

Loss       0*645  4*313 

looooo  100000 

*^***"rf^^Molt°*°**  Besides  the  stalk  of  the  grape,  there  are  the  outside  skin,  the 
hull,  the  seeds,  and  the  juice.  Of  the  composition  of  all  these  substances,  withjthe 
exception  of  the  grape  juice,  our  knowledge  is  very  deficient.    Besides  cellulose. 
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the  stalks  contain  mnch  tannic  acid,  and  an  acid  very  sonr  to  the  taste.  The  htdl  of 
the  grape  contains  the  colouring  matter  and  a  small  quantity  of  tannic  acid.  The 
seed  contains  a  peculiar  acid»  cenanthic  add,  and  an  ether,  hearing  the  same  name, 
to  which  the  houquet  of  the  wine  is  due. 

****  an5J^  ****  ^®  ^^®  grapo  contains  more  sugar  than  any  other  kind  of  grape. 
The  quantity  of  sugar — a  mixture  of  dextrose  and  levulose — ^is  seldom  less  than 
12  per  cent,  while  it  is  sometimes  as  much  as  26  to  30  per  cent.  The  proportion  of 
acid  to  sugar  is  in  good  years  and  in  a  good  grape,  according  to  Fresenius,  i :  29 ; 
in  average  years  and  cases,  i  :  16 ;  and  when  the  proportion  is  only  as  i  :  10,  the 
grapes  are  useless  for  the  production  of  wine.  The  proportion  hetween  the  acid  and 
sugar  in  wine-must  from  the  same  kind  of  grape  for  different  years  is,  according  to 
this  eminent  chemist : — 

In  a  very  inferior  year,  1847,  as  i  ^  12 
In  a  hotter  year,  1854,  „  i  :  16 

In  a  good  year,  1848,  „  i  :  24 

During  the  fermentation  of  the  must,  hitartrate  of  potash  is  deposited,  and  from 
this  source  most  of  the  tartar  of  commerce  is  ohtained.  This  salt  is  insoluhle  in 
dilute  alcohol;  consequently  as  the  sugar  changes  into  alcohol  it  is  thrown] down. 
It  is  from  the  fact  of  containing  tartaric  acid,  which,  hy  comhining  to  form  an 
insoluhle  salt,  is  thus  prevented  exerting  an  unfavourable  influence  on  the  wine,  that 
grapes  possess  so  much  the  property  in  proportion  to  other  fruits  of  making  a  good 
wine.  The  malic  and  citric  acids  contained  in  currants  and  gooseberries  cannot  he 
withdrawn  in  this  manner :  hence  the  addition  of  sugar  to  wines  made  from  these 
fruits  to  veil  the  acidity ;  the  addition,  however,  giving  rise  to  the  danger  of  a  second 
fermentation,  and  consequent  acidity.  According  to  Al.  Classen,  i  kilo,  of  ripe  grapes 
gave  (in  1868)  577  to  688  grms.  of  juice ;  and  i  litre  of  juice  contained: — 

Water 860  to  830  grms. 

Sugar  (dextrose  and  levulose) 150  „  300    „ 

Pectin,    gums,    extractive    matter. 
Protein  substances,  organic  acids,  - 
and  mineral  matters    ^ 


30  ».    20 


»> 


1040  to  1 1 50  „ 

1000  parts  of  juice  of  ripe  (Rhine,  1868)  grapes  contained : — 

I.                 2,  3. 

Solid  matter    164*4            ^^Q'?  204*6 

Sugar       i49'9            162*4  ^74*0 

Free  acid 72               6*8  48 

Ash 2'7               3'o  4'o 

In  100  parts  of  the  ash  were  contained : — 

I.                 2.  3. 

Phosphoric  acid     i6*6              i6*i  14*0 

Potash      642              66*3  71*4 

Magnesia 47               28  z'6 
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€.  NeulMtner  (1868)  analysed  two  kinds  of  grapes,  and  found — 

Neroberger  Steinberger 

(large  grapes.)    (selected  grapes.) 

ongftF    •••     •••     •••     •••    ••• 

jt; r ee  aciQ      •••     •••     *••     ••• 

Albuminous  substances 
Mineral  constituents  (potash,  ^ 

phosporic  acid,  &c.) 

Combined  organic  acids  and 

extractive  matter    


1806 
042 
022 

2424 

0*43 
018 

047 

045 

4n 
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Total  of  soluble  constituents        23*28  2922 

Water    7672  7078 

lOO'OO  lOO'OO 

'^^  '^^  juifl!.**'  ****  '^^  fermentation  of  the  grape  juice  is  spontaneous;  that  is,  it 
is  consequent  upon  the  exposure  of  the  grape  juice  to  the  atmosphere,  without  the 
addition  of  yeast.  The  albuminous  matter  of  the  must  forms,  under  tbe  influence 
of  the  atmospheric  spawn  or  yeast  germ,  the  well-known  fungus  PenicHlium  glaucum, 
or  yeast  cells.  The  fermentation  begins  at  a  temperature  of  10  to  15^,  and  is  effected 
more  or  less  rapidly  according  to  the  temperature.  Too  low  a  temperature  will 
retard  the  progress  of  fermentation,  as  also  will  the  addition  of  sulphurous  acid ; 
the  same  effect  is  obtained  by  the  addition  of  other  sulphur  compounds,  as,  for 
instance,  the  essential  oil  of  mustard,  which  contains  sulphocyanide  of  allyl.  The 
must  is  left  in  open  vats ;  bubbles  of  carbonic  acid  soon  appear,  scum  collects  upon  the 
surface  of  the  juice,  and  an  alcoholic  odour  pervades  the  wine  at  this  stage.  About 
the  seventh  day  the  fermentation  commences  to  decrease,  and  about  the  tenth  or 
fourteenth  day  the  fluid  begins  to  clear,  no  more  carbonic  acid  or  scum  appearing.  The 
yeast  cells  formed  are  carefully  removed  from  the  bottom  of  the  vessel,  and  the  wine  run 
into  casks,  where  it  undergoes  a  slight  after-fermentation.  If  there  be  much  sugar  con- 
tained in  the  grape,  and  a  small  quantity  of  azotised  matter,  the  resulting  wine  will  be 
sweet ;  but  if  the  proportion  of  sugar  be  small  and  albumen  large,  a  dry  wine  is  the  result. 

Dimwing^fl  »ndc«akiiig  ^gj  ^g  principal  fermentation  the  greater  part  of  the  sugar 
Of  the  must  is  found  to  be  separated  into  alcohol  and  carbonic  acid.  There  is  still 
likely  to  arise,  imless  the  temperature  be  considerably  decreased,  a  fresh  fermenta- 
tion, known  as  the  after-fermentation.  Should  this  after-fermentation  continue  too 
long,  vinegar  is  fiprmed,  and  to  prevent  this,  the  wine,  after  th^  disappearance  of  the 
babbles  of  carbonic  acid  upon  the  conclusion  of  the  principal  fermentation,  is  at 
once  "  spigotted  off"  from  the  lees  into  casks,  the  object  being  to  cut  off  communica- 
tion with  the  atmosphere  as  much  as  possible.  The  casks  are  nearly  filled,  and  are 
bunged  loosely,  being  filled  completely  a  day  or  two  after.  Wines  casked  in  Decem- 
ber will  often  continue  fermenting  till  February  or  March.  Strong  wines  rich  in 
alcohol  can  be  kept  in  cask  untU  they  have  become  quite  clear ;  but  weak  wines 
must  be  soon  bottled,  as  the  oxygen  of  the  air  is  liable  to  convert  the  hydrate  of  the 
oxide  of  ethyl  or  alcohol  into  trioxide  of  acetyl  or  vinegar. 

oomutnaiu  of  Wine.  Constituents  that  were  not  found  in  the  must  are  characteristic  of 
the  wine — the  chief  of  these  is  alcohol  Succinic  acid  and  glycerine,  the  constant 
products  with  alcohol  and  carbonic  acid  of  vinous  fermentation,  are  also  to  be  found. 
A  ''dry"  wine,  such  as  the  French  and  Rhenish  wines,  is  one  in  which  all  the  sugar 
has  been  decomposed ;  a  *'  sweet "  wine,  on  the  other  hand,  is  one  in  which  some 
sugar  has  remained  undecomposed  either  from  an  insufficiency  of  albuminous  matter 
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to  nourish  the  yeast  cells,  or  from  the  checking  of  the  fermentation  hy  exposure  to  a 
low  temperature.  A  very  sweet  and  thickly  fluid  wine  is  termed  a  **  liqueur."  The 
difference  in  colour  is  due  to  three  substances — a  blue  colouring  matter,  a  brown 
colouring  matter,  and  tartaric  acid.  The  brown  colouring  matter  is  present  in  all 
light  or  white  wines,  while  the  blue  colouring  matter,  found  in  the  skins  of  purple  or 
black  grapes,  is  in  the  wine  a  red  colour,  the  change  arising  from  the  contact  with 
the  tartaric  acid.  Wines  of  the  first  year  after  growth  are  termed  new  or  "  green  " 
wines.    The  average  composition  of  wines,  in  looo  parts,  is  the  following : — 

Water      goo— 891 

Alcohol* 80 — 70 

Homologues  of  alcohol  (propylic,  bntyllc  alcohol)*        . .  ^ 

Ethers  (acetic,  oenanthic)* 

Essential  oils 

Grape  sugar  (dextrose  and  levulose) 

Glycerine*      

Gums       

Pectin      

Ck)loaring  and  fatty  substances y  20—30 

Protein  bodies       

Carbonic  acid*       

Tartaric  and  racemio  acids 

Malic  acid      

Tannic  acid 

Acetic  acid* 

Lactic  acid  (?)*      

Succinic  acid*        . .     . . 

Inorganic  salts       

Those  substances  marked  (*)  are  formed  during  the  principal  fermentation. 

The  quantity  of  alcohol  contained  in  a  wine  is  due  partly  to  the  quantity  of  sugar  and 
partly  to  the  quantity  of  albuminous  matter  contained  in  the  must.  It  is  chiefly  ethylic 
or  ordinary  iJoohol.  The  specific  weight  of  the  wine  gives  only  approximately  the 
alcoholic  contents  ;  a  better  method  of  estimation  is  by  means  of  an  ^coholometer.  Of 
these  instruments,  Geissler's  Vaporimeter  is,  perhaps,  one  of  the  best,  in  which  the 
pressure  exerted  by  the  vapom*  of  the  wine  upon  a  column  of  mercury  gives  a  measure 
of  the  alcohol  contained.  The  vapour  of  absolute  alcohol  at  a  temperature  of  78*3** 
exerts  a  tension  equal  to  that  exerted  by  aqueous  vaponr  at  100°.  It  is  therefore  only 
necessary  to  ascertain  the  height  of  the  column  of  mercury  and  the  temperature  to 
arrive  at  the  quantity  of  alcohol.  The  apparatus  is  shown  in  Fig.  228,  and  consists 
essentially  of  four  parts,  viz :— i.  A  brass  vessel,  a,  half  filled  with  water,  heated  by 
means  of  the  lamp  to  the  boiling-point.  2.  A  bent  glass  tube,  b,  to  which  a  wooden  scale 
is  fixed.  3.  A  cylindrical  glass  vessel,  o,  filled  with  mercury  and  the  wine  to  be  tested. 
4.  A  cylinder  of  sheet  brass,  in  the  upper  part  of  which  a  thermometer,  t,  is  fixed.  ThA 
glass  vessel,  0,  is  filled  with  mercury  to  the  mark,  a,  and  then  completdy  filled  with  the 
liquid  to  be  tested.  The  boiling-vessel  is  now  affixed,  the  brass  cylinder  drawn  over  the 
mercury  tube,  and  the  thermometer  inserted.  Heat  is  applied,  and  the  water  raised  to 
the  boiUng-point ;  the  steam  ascends  into  the  brass  cylinder,  and  heats  the  wine  and 
mercury  to  the  boiling-point  of  water.  The  wine  expands,  and  is  partly  vaporised, 
forcing  the  mercury  up  the  arm,  b,  which  has  been  previously  graduated  by  experiments 
with  fluids  of  known  alcoholic  contents ;  the  mercury  of  course  rises  the  higher  the  more 
alcohol  there  is  contained  in  the  wine.  The  variable  constituents  of  the  wine,  the 
extractive  matter,  Ac.,  do  not  influence  the  result.  The  carbonic  acid  must  have  been 
removed  previously  by  filtering  the  wine  through  freshly  burnt  lime.  Equally  good,  if 
not  better,  results  are,  however,  to  be  obtained  by  tiie  distillation  test,  effected  by 
distilling  10  c.c.  of  the  wine,  and  adding  to  the  distillate  sufficient  water  to  make  a  total 
of  ID  CO.,  the  spedfle  weight  of  the  fluid  giving  the  alcoholic  contents  of  the  wine.  The 
alcoholometer  most  generally  employed  is  the  EhuiUMcope  of  Tabari6,  fig.  229.  With 
the  barometer  at  760  m.m.  water  boils  at  +100°,  and  alcohol  at  +78*3*^  0.  The  nearer 
therefore  the  boiling-point  of  the  fluid  tested  approaches  78*3*,  the  greater  the  alcoholic 
•entents.  The  wine  is  poured  into  the  vessel,  0,  and  the  cover,  e  h,  replaced.  The  fluid  is 
heated  by  means  of  the  lamp,  l,  and  the  steam  ascends  round  the  thermometer,  1 1',  the 
height  of  the  mercury  of  which  when  the  fluid  boils  varies  inversely  as  the  alcoholic  contents 


of  the  winn  tested.  The  vend,  km',  is  filled  with  ooldmter  to  haitcn  the  ooudeiiMtioa 
qI  tbs  TapoQTB.  II  the  boiling-point  of  pure  watsi  be  taken  tt  9g'4°  C,  the  loUvwing 
boiling-poiiits  show  (he  qnantity  of  aloohol  oontained : — 

96-4°  0.  3  per  oent  mleoboL  gi-i°  C.    g  per  oent  tJoohoL 


Bed  Prenoh  wines  ooDtain  g  to  14  peroeatage  by  Tolmne  of  aloohol;  Bnrgaiidjr,  g,  10, 
and  It  per  oent;  BoFdeani,  10,  ii,  and  ii  par  oent.  OtheiPrench  wines  ecmtain  8  to  10 
per  oent ;  the  wines  of  the  Palatinate,  7  to  g*;  per  oent ;  Hnngarian  wines,  g  to  1 1  per 
oent.  Ohantpagne  contains  g  to  11  per  oent;  Zeiea,  17  per  oent;  Madeira,  17  to  ijf 
pel  oent.  Acids  exist  in  aU  wines,  and  are  generally  earbonia,  snooinio,  tartario,  nulie, 
And  aoetie  acids ;  these  adds  are  found  paitlf  tree,  partly  combined  m  aalts ;  tsrtarie 
Pio.  338. 


acid,  for  inetanoe,  ac  cremor  tarian,  bitartrate  of  potaih,  and  othw  add  tartratai.  Fanr£ 
lonnd  an  easential  gam,  whiiA  lie  termed  (m)i«itb'"i  and  whiah  with  gljearina — fint 
dwwn  by  Pastenr  in  iSm  to  be  a  nwmal  eonititiient  ol  wine— helps  to  giTe  a  oartaio  ooa- 
•igtemoj  to  the  wine.  Fohl  found  (1863)  in  Anittian  wines  rt  per  «ent  glyooiiaa.  Am 
wlna  ages  the  glyoeiine  diuppean.    1^  eolonring  matter  of  wine  it  of  intemt  In  ttw 
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case  of  red  wines  only,  as  the  yellow-brown  colour  of  some  wines  is  ondonbiedly  due  to 
oxidised  extractive  matter.  The  colouring  matter  of  red  wines  has  received  from  Mulder 
and  Maumen^  the  name  of  oenocyan,  while  it  is  commonly  termed  vfine-blue  ;  it  is  ajblae 
anbstance  similar  to  litmns,  possessing  the  property  of  taming  red  in  the  presence  of 
acids.  It  is  insoluble  in  water,  alcohol,  ether,  ohve  oil,  and  oil  of  turpentine ;  but  soluble 
in  alcohol  containing  small  quantities  of  tartaric  or  acetic  acid.  With  a  trace  of  acetic 
acid  the  solution  is  practically  blue,  turning  red  upon  the  addition  of  more  acid^; 
neutralised  with  alkalies  the  solution  remains  blue.  On  the  evaporation  of  a  wine  to 
dryness  the  extractive  matter  remains,  consisting  of  a  mixture  of  non-volatile  acids,  the 
salts  of  organic  and  inorganic  acids,  with  oenanthin,  colouring  matter,  sugar,  protein 
substances,  and  extractive  matter,  the  nature  of  which  is  unlmown.  The  quantity  of 
extractive  matter  differs  greatly,  varying  with  the  kind  of  wine  and  the  degree  of  fermen- 
tation of  the  sugar.  Fresenius  found  in  Bhine  wines  a  maximum  of  io'6,  and  a  minimum 
of  4*2  per  cent  of  extractives  ;  Fischem,  in  the  wines  of  the  Palatinate,  10*7  to  1*9  per 
cent ;  in  Bohemian  wines,  2*26 ;  in  Austrian,  2'64 ;  In  Hungarian,  2*62  per  cent.  The 
mineral  constituents  of  wines  exist  in  but  smfdl  quantities — as  an  average  in  old 
Maderia  to  0*25  per  cent ;  in  old  Bhine  wines,  0*12  per  cent ;  and  in  old  ports,  0*235  P^ 
cent.    Van  Gockom,  Veltmann,  and  Mosmann  found  in  1000  parts  of  wine : — 

Madeira 2*55  ports  of  ash. 

Tenerifle       2*91      „        „ 

Bhine  wine 1*93      ,,        „ 

Port       2*35 
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Pohl  estimated  the  following  number  of  parts  ash  in  100  parts  of  wine : — 

Bohemian    ..      ..  1*97  parts.  Slavonian     ..     ..  1*91  parts. 

Croatian-     ..     ..  i-68    „  Styrian 1-63 

Craniola       ..     ..  i'8i     „  Tyrol 1*84 

Lower  Austrian  ..  2*00    „  Hungarian  ..     ..  1*80 

The  ash  contains  potash;  lime,  magnesia,  soda,  sulphuric  acid,  and  phosphoric  acid. 
The  **  Handworterbuch  der  Beinen  und  Angewandten  Cbemie"  (B.  ix.,  Seite  676),  gives 
the  following  analyses  of  wine-ash,  the  first  four  being  by  Crasso,  and  the  fifth  by 
Boussingault : — 

I.  2.  3.  4.  5. 

Ash  (per  cent) 0*26  0*34  0*41  0*29  0*18 

Potash..     .. 65*5  63*9  71*3  62*0  45*0 

Soda 0*3  0*4  1*2  2*6  — 

Lime 52  3*4  3*4  5*1  4*9 

Magnesia 3*3  4*7  4*0  4*0  9*2 

Oxide  of  iron 0*7  0*4  0*1  0*4  — 

Oxide  of  manganese 0*8  0*7  0*1  0*3  — 

Phosphoric  acid 15*4  x6*6  14*1  17*0  22*1 

Sulphuric  acid . .  5*2  5*5  3*6  4*9  5'i 

Silica 2*0  2*1  1*2  2*2  0*3 

Chloride  of  potassium      ..     ..  1*5  2*1  1*0  1*5  — 

Carbonic  acid     —  —  —  —  13*3 

loo'o  100*0         loo'o         100*0  100*0 

The  bouquet  of  wines  or  their  peculiar  odour  is  due  to  oenanthio  ether  mixed  with 
the  alcohol.  According  toC.  Neubauer  (**  Chemie  des  Weines;  *'  Wiesbaden,  1870,  Seite  97), 
this  osnanthic  ether  is  a  combination  of  various  substances,  of  which  caprylic  and  caproio 
acid  ethers  are  the  most  important,  and  is  a  product  of  the  fermentation  of  the  must. 
During  the  fermentation  of  the  sugar  there  are  formed,  besides  ordinary  alcohol,  propylio 
and  butylic  alcohols,  and  succinic  acid  as  a  constant  product,  while  in  the  juice  of  the 
grape  there  occur  tartaric,  malic,  and  racemic  acids ;  these  with  acetic,  propionic,  and 
bu<7ric  acids,  and  the  aldehydes  of  these  acids,  together  with  the  oil  of  the  seed  of  the 
grape  (oleic  and  palmitic  acids),  cannot  but  greatly  influence  the  bouquet  of*  the  wine, 
which  of  course  will  vary  according  to  the  proportion  of  these  oonstituents. 

MaiAdiM  of  winM.      Wines  are    subject  to  various  causes   of  deterioration,  termed 

maladies,  distempers,  or  diseases.     That  most  commonly  occurring  is  ropinm  or 

viscidity,  the  cause  of  which  was  for  a  long  time  unknown.    Francois  showed  that 

it  was  due  to  the  decomposition  of  the  glucose  into  azotised  matter  and  mannite. 


WINE.  397 

and  at  the  same  time  indicated  the  proper  remedy,  the  addition  of  tannic  acid.  He 
employs  15  grms.  of  tannin  to  230  litres  of  wine.  This  is  well  mixed  with  the  wine, 
which  is  allowed  to  stand  for  a  few  days.  At  the  end  of  this  time  the  tannin  will 
haye  separated  the  azotised  matter,  and  the  wine  may  he  bottled  off. 

The  souring  of  wine  is  due  to  the  conversion  of  the  alcohol  into  acetic  acid,  caused, 
according  to  Pasteur,  by  the  formation  of  the  vinegar  plant  or  Mycoderma  aoeti, 
which  he  found  in  all  sour  wines.  This  disease  is  very  common,  and  may  result 
from  too  small  a  proportion  of  alcohol,  too  high  a  temperature  of  the  cellars,  or 
exposure  to  the  atmosphere.  The  wine,  if  too  far  soured,  is  fit  only  for  making 
vinegar ;  but  slight  cases  can  be  remedied  by  an  addition  of  sugar.  The  formation 
of  vinegar  may  be  somewhat  delayed  by  impregnating  the  wine  with  sulphurous 
acid.  In  some  cases  the  acetic  acid  may,  by  the  addition  of  tartaric  acid,  be  removed 
as  acetic  ether ;  but  the  acetic  acid  can  never  be  neutralised  with  alkalies,  as  the 
salts  formed  arc  very  easily  soluble. 

The  hittering  of  wine,  or  its  acquirement  of  a  bitter  flavour,  is  due  to  another 
cause,  the  formation  of  a  bitter  substance,  which  dcvelopcs  as  the  wine  ages,  or  at 
too  high  a  temperature.  Maumen6  suggests  as  a  remedy  the  addition  of  slaked 
lime  in  the  proportion  of  025  to  0*50  grm.  per  litre.  Bittering  is  due  also  to  the 
formation  of  brown  aldehyde  resin.  Mould  in  wines  appears  as  a  white  vegetable 
(fungus)  film  covering  the  surface,  and  arises  from  an  insufficiency  of  alcohol ; 
consequently  weak  wines  are  more  subject  to  this  malady.  The  film  of  mould 
should  be  removed  and  the  wine  used  as  soon  as  possible,  for  wine  affected  with 
this  disease  soon  turns  sour.  The  decaying  of  a  wine  is  due  to  the  dissipation  of 
the  alcohol  and  the  decomposition  of  the  acids  of  the  wine ;  the  wine  obtains  an 
astringent  taste,  and  a  dim,  thick  colour,  finally  turning  sour.  The  bitartrate  of 
potash  is  converted  into  carbonate  of  potash,  affecting  the  colouring  matter  and 
tannic  acid,  which  pass  over  into  humus  substances.  At  tlie  commencement  of 
this  decomposition  a  remedy  may  be  found  in  the  addition  of  a  small  quantity  of 
sulphuric  ether.  Caskiness,  or  the  taste  of  the  cask,  due  to  an  essential  oil  formed 
in  casks  that  have  long  stood  empty,  is  best  removed  by  the  addition  to  the  wine  of 
a  small  quantity  of  olive  oil  and  agitation  ;  the  olive  oil  absorbs  the  essential  oil, 
and  brings  it  to  the  surface  of  the  wine,  whence  the  oily  matter  may  be  skimmed,  or 
the  wine  may  be  filtered  through  freshly  burnt  charcoal.  All  casks  and  vessels  tliat 
have  stood  long  empty  should  be  well  steamed  before  use. 

igdnfjndconjerrauon  The  Pasteuring,  a  term  which  usage  has  substituted  for 
pasteurisation,  or  the  conservation  and  artificial  ageing  of  wines,  according  to 
Pasteur's  method,  is  a  great  improvement  in  the  general  treatment  of  wines  to  ensure 
their  keeping.  It  consists  essentially  in  heating  the  wine  to  60°  C.  and  for  this 
purpose  the  apparatus  designed  by  Rossignol  is  best  suited.  A  metal  cask,  t, 
Fig.  230,  contains  at  tlie  bottom  a  copper  vessel,  c,  with  a  trumpet-shaped  cover 
extending  in  the  open  tube,  r,  above  the  top  of  the  vessel,  t.  Ms  a  thermometer. 
Water  is  poured  into  the  vessel,  c,  until  the  tube,  r,  is  three  parts  full.  The  wine 
is  placed  in  the  metal  cask,  t,  and  by  means  of  the  tap,  r,  and  the  tube,/,  run  off  into 
the  cask,  f,  when  sufficiently  heated.  Tlie  water  in  the  copper  vessel,  c,  is  employed 
to  prevent  the  direct  heating  by  the  flame  of  the  vessel  containing  tlie  wine,  and 
the  consequent  burning  of  any  insoluble  matter  settling  to  tlie  bottom  of  the  vessel. 
Fig.  231  shows  in  detail  the  manner  of  fastening  the  vessels  together.  A  copper 
ring,  a,  encircles  the  vessel,  t,  and  beds  with  the  walls  of  this  vessel  into  the 
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mdiA-rabbet  Tjand,  d,  into  whioh  it  is  pressed  by  the  tightauing  of  the  bolte,  e, 
binding  the  ring  of  angls-iron  and  lower  iron  ring.  *,  together.  The  joint  is  thus 
renderad  water-tight.  The  VBBHel,  t,  is  not  quite  fiUed  with  wine  to  aUow  for 
ex^anon  under  heat ;  by  this  means  the  wine  is  exposed  to  a  known  qnttntity  of 
ftir.    Wine  ahonld  not  be  artificially  aged  in  contact  with  air,  as  Pftsteor  has  proved 


that  such  processes  deteriorate  the  colour  and  the  flaTonr  of  the  wine;  and  in 
ordinary  cases,  where  part  of  the  process  of  ageing  consisls  in  heating  the  wines 
for  a  short  time  in  an  open  Teasel  with  a  fall  exposure  to  air,  the  wine  acquires  a 
pecoliai  boiled  flaTonr,  goal  dt  cuit.  easily  recognisable  by  the  connoissenr.  By 
Pasteur's  method,  however,  neither  the  flavour  nor  colour  of  the  wine  is  deteriorated ; 
indeed,  the  latter  is  improved  by  the  expulsion  of  the  carbonic  acid. 

Pasteur  has  shown  that  most  of  the  diseases  of  wine,  acetification,  ropiness, 
bitterness,  and  decay  or  decompositJon,  are  due  to  the  growth  of  different  fer- 
ments, consisting  of  minute  vegetable  cells  always  existing  in  wines,  and  becoming 
active  and  destructive  under  certain  conditians.  such  as  change  of  temperature 
and  oxidation.  He  recommends  ("  Comptes  Iteudus,"  May  ist,  2gth;  August  14th, 
1865).  that  these  plants  or  fungi  should  be  killed,  as  the  best  means  of  ensuring  the 
keeping  of  the  wine,  and  the  particular  modu*  operandi  selected  is  essentially  the 
following,  differing  considerably  from  the  foregoing  method.  The  bottles  are  quite 
filled,  the  wine  touching  the  cork,  which  is  inserted  with  such  a  degree  of  firmness 
that  the  wine  in  expanding  may  force  the  cork  out  a  littie,  but  not  so  much  as 
to  admit  air  into  the  bottle.  The  bottles  are  then  placed  in  a  chamber  heated  to 
45°  to  100°,  where  tkey  remain  for  an  hour  or  two,  after  which  thej  are  removed,  set 
aside  to  cool,  and  the  cork  driven  in.  By  this  means  the  life  or  active  principle  of 
the  fungi  is  destroyed,  while  the  wine  acquires  an  increased  bouquet,  is  of  a  more 
beantiAil  colour,  and,  in  fact,  is  to  a  considerable  extent  aged.  Both  new  and  old 
irinea  Okn  be  thns  treated. 
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^""^^wto?***  ****  ^OBi  wines  are  self-clearing,  the  ferment  settling  to  the  bottom 
of  the  cask,  and  leaving  the  wine  clear  and  pure.  This  applies  chiefly  to  dry  wines 
which  have  less  sugar  than  sweet  wines.  The  sweet  wines  are  generally  more 
thickly  fluid  on  account  of  the  quantity  of  sugar  they  contain,  and  consequently 
more  firequently  need  clearing.  Fining,  as  it  is  sometimes  called,  or  clearing, 
oonsists  in  adding  to  the  muddy  wine  some  albuminous  or  similar  substance  that  will 
mix  with  the  suspended  matter  and  carry  it  to  the  bottom  or  bring  it  to  the  sur- 
feuce  of  the  wine.  The  substances  most  generally  employed  are  white  of  egg,  ox- 
blood,  and  milk,  or  mixtures  of  these  substances.  Liming,  or  the  addition  of 
gypsum,  is  for  the  purpose  of  heightening  the  colour,  chiefly  of  red  wines ;  further, 
it  converts  the  soluble  potash  salts  of  the  wine  i£to  insoluble  lime-salts  and  sulphate 
of  potash. 

Th*  Basidna  or  Waste  The  wasto  of  wino-making  conBists  of  the  stems,  husks,  and  seeds  of 
of  wiiw-makiiig.  the  grapes,  as  well  as  of  the  f ermentary  sediment  and  tartar.  Both 
descriptions  of  waste  find  numerous  applications.  The  lees  left  from  the  pressing  of  the 
wine  contain  a  not  unimportant  quantity  of  must,  which  (i)  is  employed  in  prepariog  an 
inferior  wine.  2.  In  the  making  of  an  inferior  brandy.  3.  In  the  preparation  of  ver- 
digris (see  p.  58).  4.  In  vinegar  making,  and  for  promoting  the  formation  of 
vinegar  from  saccharine  or  alcoholic  fluids.  5.  In  wine-making  countries  the  lees  are 
mn<£  employed  as  fodder  for  horses,  mules,  and  sheep.  While  (6)  the  residue  of  the 
after-pressing  or  final  pressing  is  used  as  manure.  7.  The  grape  seed  yields  an  oil 
in  quantities  of  10  to  11  per  cent ;  or  (8)  tannic  acid  in  large  quantities.  The  oil  can  be 
extracted  by  pressure  or  by  treatment  with  benzole,  or  with  sulphide  of  carbon.  The 
tannin  obtained  can  be  employed  for  the  preservation  of  hides,  &o.  9.  Potash  is  prepared 
from  the  calcined  lees.  10.  The  stalks  and  seeds  when  calcined  are  employed  in 
the  preparation  of  a  black  colouring  material  (vine  black).  11.  The  ferment  and  stalks 
are  in  some  wine-producing  countries,  besides  oeing  employed  in  the  preparation  of  tartar 
and  potash,  also  used  in  the  distillation  of  a  peculiarly  rich  brandy,  in  which  an  oil 
is  found  possessing  highly  the  flavour  of  cognac,  and  known  in  commerce  as  wine  oil, 
cognac  oU,  huiU  de  marc,  12.  Crude  tartar  is  found  with  tartrate  of  lime,  colouring 
matter,  and  yeast,  forming  a  more  or  less  thick  crust  on  the  walls  of  the  wine  cask  or  in 
the  crust  deposited  in  the  wine,  but  not  firmly  attached  to  the  vessel,  and  is  the  ohief 
source  of  the  pharmaceutical  bitartrate  of  potash  (G4H5KO6),  and  tartaric  acid. 

BfloTMeing  Wines.      Eflervesciug  wines  have  been  known  for  many  centuries.    Some  of 

Bembrandt's  paintings  exhibit  among  the  accessories,  a  champagne  glass  with 

eflervesciug  wine.    And  from  Virgil — 

**  lUe  impiger  hausit^ 
Spuniantem  pateram — " 
it  would  appear  that  this  description  of  wine  was  known  to  the  Romans.    In  1870, 
there  were  in  Germany  fifty  producers  of  eAJBrvescing  wines,  with  a  production 
of  2i  to  3i  millions  of  bottles,  i\  millions  of  which  were  exported.    In  France  the 
production  amounts  yearly  to  16  to  18  millions  of  bottles. 

All  wines  are  capable  of  being  produced  as  eflervesciug  wines  if  bottled  before  the 
fermentation  is  over.  By  bottling  at  this  period  the  carbonic  acid  is  retained  in  the 
wine,  and  when  the  bottle  is  opened  the  disent^agement  of  this  gas  causes  the  appear- 
ance of  effervescence.  In  this  country  the  effervescing  wine  most  generally  known 
is  champagne ;  but  Hocks,  Moselles,  and  even  red  wines  are  very  admirable  when 
thus  treated.  If  the  wines  contain  much  sugar,  the  fermentation  is  arrested  in  the 
bottle  before  all  the  sugar  is  consumed,  producing  a  sweet  eflfervescing  wine.  On 
the  other  hand,  if  the  sugar  is  all  exhausted  in  producing  the  carbonic  acid, 
the  result  is  a  dry  effervescing  wine.  These  wines  are  very  agreeable  to 
the  palate,  and-  may  be  supposed  to  assist  the  digestion  of  the  food  with  which  they 
are  taken ;  but  when  new,  they  are  dangerous  as  being  likely  to  communicate  their 
state  of  change  to  the  contents  of  the  stomach,  interfering  seriously  with  digestion. 
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and  prodncing  what  is  well  known  as  "  acidity."  Dry  effervescing  wines  are  less 
likely  to  disagree  than  sweet  wines  of  this  class  containing  much  sugar  and 
fermentable  matter.  The  connoisseur  places  great  reliance  in  his  judgment  of  a 
champagne  upon  the  loudness,  or  rather  sharpness,  of  the  report  when  the  cork 
is  drawn,  and  upon  the  *'  bead"  or  bubble  formed  on  the  side  of  the  glass  by  the  car- 
bonic acid  gas.  These  effects  are  not  proportionate,  for  while  a  loud  report  results 
from  an  extended  fermentation,  a  good  bead  may  be  obtained  with  a  very  weak  fer- 
mentation. The  gas  in  a  bottle  of  champagne  exerts  a  pressure  of  some  five 
atmospheres,  and  it  will  at  once  be  evident  that  if  the  bottle  be  made  a  little 
smaller,  reducing  the  space  between  the  cork  and  the  wine  only  one-twentieth, 
a  considerable  increase  in  loudness  of  tlie  report  will  ensue. 

The  process  of  manufacturing  effervescing  wines  is  in  general  the  following : — ^The 
best  grapes  are  used  for  this  purpose ;  for  champagne,  the  black  grape,  called  by  the 
French  noirien,  is  employed.  The  juice  is  expressed  from  the  grape  as  soon 
after  gathering  as  possible,  in  order  to  prevent  the  colouring  matter  of  the  skin 
affecting  the  wine ;  while  the  fruit  is  pressed  as  quickly  and  as  lightly  as  possible. 
The  juice  from  the  second  and  third  pressings  is  reserved  for  inferior,  or  red-tinted 
effervescing  wines.  The  expressed  juice  is  immediately  poured  into  tuns  or  vats, 
where  it  is  left  to  stand  for  twenty -four  to  thirty-six  hours.  In  this  time  any  earthy 
matter  or  vegetable  impurities  will  have  settled,  and  the  juice  is  ready  to  be  trans- 
ferred to  the  fermenting  vats,  where  it  remains  for  about  fifteen  days.  It  is  then  put 
into  casks,  which  are  securely  bunged ;  sometimes  brandy  is  added  in  the  proportion 
of  one  bottle  to  one  hundred  bottles  of  juice  or  must.  Towards  the  end  of  December, 
the  wine  is  fined  with  isinglass,  and  a  second  time  in  the  ensuing  February.  About 
the  beginning  of  April  the  clear  wine  is  fit  for  bottling.  It  now  contains,  if  a  good 
wine,  1 6  to  i8  grms.  of  sugar,  ii  to  12  per  cent  of  the  volume  of  alcohol  per  bottle, 
and  an  equivalent  to  3  to  5  grms.  of  sulphuric  acid  in  free  acids. 

Great  care  is  necessary  in  the  manufacture  of  champagne  bottles ;  they  must  be 
free  from  flaws,  and  mode  of  pure  materials.  Generally  each  bottle  is  from  850  to 
900  grms.  in  weight,  and  equal  in  thickness  throughout.  Formerly  the  flawed  bottles 
amounted  to  15  to  25  per  cent,  but  recent  improvements  in  manufacture  have  reduced 
the  percentage  to  10.  Before  the  wine  is  introduced,  the  bottle  is  rinsed  with  a 
liqueur  of  white  sugar-candy  150  kilos.,  wine  125  litres,  cognac  10  litres,  the  liqueur 
being  allowed  to  remain  in  the  bottle :  according  to  F.  Mohr  the  cane  sugar  of  the 
liqueur  becomes  converted  into  grape  sugar  in  the  champagne.  It  is  doubtful 
whether  glycerine  might  not  be  advantageously  substituted  for  a  portion  of  tlie  sugar 
of  the  liqueur.  The  liqueur  employed  varies  witli  the  flavour  of  tlie  wine :  port, 
Madeira,  essence  of  muscatels,  cherry  water,  &c.,  are  used,  but  rarely  unmixed  with 
some  other  favourite  solution  of  tlie  manufacturer,  as,  for  instance,  water  60  litres, 
saturated  solution  of  alum  20  litres,  tartaric  acid  solution  40  litres,  tannin  solution 
80  litres.  About  2  litres  of  this  mixture  would  in  pnictice  be  added  to  a  butt  of 
wine.  The  bottles  are  filled  by  women,  the  proportion  of  liqueur  introduced  being 
about  15  to  16  per  cent  of  the  wine.  A  space  of  about  2  to  3  inches  is  left  between  the 
wine  and  the  cork,  which,  after  being  thoroughly  moistened,  is  next  inserted  by  a 
machine.  The  bottle  is  then  passed  to  a  man,  termed  in  the  French  establishments 
the  maillocher,  who  drives  the  cork  home  with  a  mallet.  Another  process,  now  gene- 
rally effected  by  the  aid  of  a  machine,  is  the  **  wiring,"  or  securing  the  cork  with 
wire  or  string.  The  bottles  are  now  conveyed  to  the  cellar,  where  they  are  laid  in 
horizontal  racks  against  the  wall.    In  about  eight  or  ten  days  a  deposit,  termed 
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"  griife,"  is  formed,  and  shows  that  the  time  has  arrived  for  the  wine  to  be  transferred 
to  the  cellar,  where  it  is  to  remain  until  sold  to  the  merchant.  The  deposit  is  allowed 
to  form  during  the  summer,  and  in  the  ensuing  winter  means  are  taken  for  its 
removal.  The  bottles  are  well  shaken,  and  placed  with  their  mouths  downwards,  to 
cause  the  deposit  to  settle  on  the  cork.  The  cork  being  removed,  the  sediment  fall? 
out,  when  more  liqueur  is  added,  and  the  bottle  re-corked  and  again  wired.  The 
bottle  is  now  laid  upon  its  side  at  an  angle  of  about  20°,  and  in  about  eight  to  ten 
days  the  inclination  is  graduallj  increased  until  ibe  vertical  position  is  attained, 
when,  by  a  dexterous  movement  of  the  cork,  the  g.s  is  pei-mitted  to  force  out  the 
remaining  sediment.  This  process  is  repeated  as  many  times  as  may  be  necessary, 
UQtil  the  wine  is  perfectly  clear.  Wine  thus  prepared,  generally  known  as  sparkling 
wine,  vin  mousseux,  is  ready  for  the  consumer  at  tlie  end  of  18  to  30»months,  the  time 
varying  with  the  temperature  of  the  season.  One  of  the  greatest  causes  of  loss  is 
the  bursting  of  the  bottles,  sometimes  as  much  as  30  per  cent  of  the  wine  being 
wasted.    This  in  some  measure  accounts  for  the  deamess  of  these  wines. 

By  the  analysis  of  several  sparkling  wines  (1867  and  1870)  the  following  results 
were  obtained : — 

I.  2*  3*  4*  5*  ^* 

PermiUe.  Permille.  Permille.  Permille.  Permille.  Permille. 

Free  acid 5*300        5*900        7600        7800        6200        5600 

Per  cent.  Per  cent.  Per  cent.  Per  cent.  Per  cent.  Per  cent. 

Alcohol      8400  9500  8700  8400        9800        8400 

Sugar        8200  4300  7*900  9*100        7500        5*400 

Extractive  matter  ...  ii*6oo  7*500  io'30O  12000       ii'6oo  15*200 

Specific  gravity       ...     1036  1029  1039  1046        1039         1041 

I.  From  XvhalonB.  3  and  4.  From  Wirtzburg.  2.  From  the  same  place,  but  intended 
for  export  to  India ;  3  being  the  manufacture  of  J.  Oppman,  and  4  of  Silligmiiller,  both 
well-known  German  firms.  5.  From  Sutaine  and  Co.,  of  Bheims.  6.  From  a  well-known 
Rhenish  firm,  glycerine  being  substituted  for  a  portion  of  the  sugar. 

"**  ^SSlfJrtf  ****  T^®  worth  or  character  of  a  wine  is  detennined  by  its  aroma 
and  the  amount  of  alcohol  and  free  acid  contained — decreasing  with  an  increase  of  the 
latter,  and  increasing  with  increase  of  the  former.  The  proportion  between  the 
chief  constituents  of  the  grape-juice,  sugar,  acid,  und  water,  is  nearly  equal  in  all 
good  wines,  and  this  proportion  is  never  accidental,  but  always  belongs  to  a  good 
wine.  The  grapes  not  fitted  for  making  good  wines  are  treated  in  two  ways  :  either 
the  expressed  juice  is  allowed  to  ferment  as  it  is,  in  which  case  an  inferior  wine  is 
obtained ;  or,  by  the  study  of  chemical  analyses  of  good  wines,  the  incomplete  con- 
stituents are  supplied,  and  otliers  injurious  to  the  wine  removed,  to  make  the  must  of 
that  quality  which  will  yield  a  good  wine.  The  following  are  the  best  methods  of 
improving  the  must : — 

1.  The  addition  of  sugar  to  wine  poor  in  this  constituent,  and  the  neutralisation  of 
an  excess  of  acid  by  means  of  pulverised  marble  (Chaptal's  method). 

2.  The  addition  of  sugar  and  water  to  must  poor  in  sugar  and  rich  in  acid  (Gall's 
method). 

3.  Repeatedly  fermenting  the  husks  with  sugar- water  (Petiot's  method). 

4.  Removing  the  water  by  means  of  freezing,  or  by  \  reatment  with  gypsum. 

5.  Removing  the  acid  by  means  of  a  chemical  reaction. 

6.  Addition  of  alcohol  to  poor  wines. 

7.  Treating  the  prepared  wine  with  glycerine  (Scheele's  method). 

The  addition  of  sugar  to  must  poor  in  this  constituent  is  the  oldest  method  of  improve- 
ment, and  appears  to  have  been  known  to  the  Greeks  and  Romans.    At  that  time  cane 
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sugar  was  nnknown,  honey  being  nsed  for  sweetening  porposes,  and  which,  being  added  to 
the  wipe,  gave  it  a  peculiar  flavour,  and  rendering  it  thick.  In  years  when  honey  was 
scarce,  we  are  informed  that  the  wine  was  inferior.  Ghaptal,  in  1800,  wrote  a  work  on  the 
cultivation  of  the  grape,  in  which  he  gives  a  recipe  for  adding  sugar  to  an  inferior  must, 
to  render  the  wine  equal  to  that  of  better  years,  the  acid  being  neutralised  with  pieces  of 
marble.  In  Burgundies,  Ghaptal's  method  is  not  much  required  to  be  used,  as  these  wines 
rarely  contain  more  than  6  parts  per  1000  of  free  acid.  The  amount  of  pulverised 
marble  (carbonate  of  lime)  required  to  neutralise  60  parts  of  free  acid  is,  as  a  rule, 
Ko  parts ;  and  the  amount  of  sugar  to  be  added,  when  the  acid  is  in  excess,  is  100  parts 
lor  each  50  parts  of  alcohol  required  after  fermentation,  it  being  found  that  15  per  cent 
of  sugar  in  the  must  produces  7*5  per  cent  of  alcohol  in  the  prepared  wine.  Thus, 
should  it  be  desired  to  heighten  the  alcoholic  contents  from  7*5  to  10  per  cent,  to  every 
1000  kilos,  of  must  are  added  50  kilos,  of  sugar. 

The  cause  generally  of  the  poorness  of  the  must  in  sugar  is  a  wet  or  cloudy  season, 
during  which  there  has  been  but  little  warmth  from  the  sun  to  ripen  the  grapes.  Most 
Gterman  wines  show,  besides  a  lack  of  sugar,  a  superabundance  of  acid,  malic  and  tartaric 
acids ;  and  while  the  addition  of  a  sugar  solution  increases  the  alcoholic  contents,  it  does 
not  remove  these  acids,  which  impart  a  flavour  to  the  wine  and  lessen  its  worth.  The 
addition  of  a  saccharine  solution  does  not,  as  might  be  expected,  enfeeble  the  bouquet  of 
the  wine,  if  pure  starch  sugar,  containing  no  dextrine,  be  employed.  The  use  of  impure 
starch  sugar  causes  a  quantity  of  unfermented  matter  to  remain  in  the  wine,  imparting 
to  it  a  tendency  to  decay.  Gall's  method  is  found  to  be  economical,  as  a  flavouring  material 
can  be  added  to  very  inferior  must.    According  to  Gall  a  normal  must  should  consist  of — 

Sugar      24*0  per  cent. 

Free  acid        . .     . .      o*6 
Water     75*4 
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1000  kilos,  of  such  a  must  contain,  therefore,  240  kUos.  of  sugar,  6  kilos,  of  free  acid, 
and  75*4  litres  of  water.  If,  by  analysis,  the  must  to  be  improved  yields  only  16*7  per 
cent  sugar  and  0*8  per  cent  acid,  there  are  to  be  added — 

153  kilos,  of  sugar,  and 
180    „      or  litres  of  water, 

by  which  addition  1333  kilos,  of  normal  must  are  obtained,  corresponding  to, an  increase 
in  quantity  of  33  per  cent ;  while  in  some  years,  when  the  acid  contents  are  as  much  as 
12  to  14  per  cent,  the  increase  in  quantity  rises  to  100  to  115  per  cent,  but  seldom  more. 

Petiot  based  his  method  on  the  fact  that,  according  to  the  usual  process  of  preparing 
the  must,  the  colouring  and  bouquet  constituents  remaining  in  the  marc  are  sufficient  to 
give  the  flavour  and  odour  of  wine  to  a  lixivium  of  sugar-water.  This  method  may, 
therefore,  very  justly  be  considered  as  yielding  a  wine  without  the  aid  of  grape-juice.  To 
the  marc  left  after  the  expressure  of  the  grape-juice  cold  water  is  added,  equal  in  quantity 
to  the  must  removed  :  in  this  water  the  marc  is  allowed  to  macerate  for  2  to  3  days.  The 
water  takes  up  the  various  soluble  constituents  of  the  marc  ;  after  the  time  specified  the 
liquor  is  removed,  and  the  amount  of  sugar  and  acid  it  contains  ascertained.  There  is 
usually  only  2  to  3  per  cent  of  sugar,  consequently  an  addition  of  17  to  18  per  cent  must 
be  made;  and  if  there  should  be  too  little  acid,  tartaric  acid  must  be  added  to  approximate 
the  acid  contents  of  a  normal  must.  The  artificial  must,  as  it  may  be  considered,  is  then 
put  into  the  fermenting  vat,  while  the  marc  is  again  treated  in  a  similar  manner,  a  longer 
immersion  being  this  time  required.  The  resulting  wines  are  darker  in  colour  than  wines 
prepared  from  the  natural  must,  in  consequence  of  a  larger  proportion  of  tannin.  The 
flavouring  of  these  wines  is  a  matter  of  experience,  and  does  not  fall  under  any  chemical 
consideration. 

Freezing  is  employed  in  the  improvement  of  wine,  for  the  purpose  of  reducin'g  the 
aqueous  contents.  According  to  the  experiments  of  Vergnette-Lamotte  and  Boussinganlt, 
the  effect  of  cold  upon  wine  is  of  a  very  complicated  nature.  By  cooling  the  wine  at  a 
temperature  of  0*6°  there  first  occurs  the  precipitation  of  those  substances  that  are  inso- 
luble at  this  temperature.  These  consist  of  cream  of  tartar,  colouring  matter,  and  nitro- 
genous substances,  and  a  fluid  possessing  the  property  of  becoming  solid  at  6°.  When 
these  substances  are  removed  the  wine  becomes  more  ardent,  richer  in  alcohol,  and  its 
peculiar  merit  is  that  it  is  not  liable  to  after-fermentation,  and  can  be  kept  in  vats  and 
half-empty  casks.  The  removal  of  the  acid  from  wine  is  effected  best  by  means  of  car- 
bonate of  lime  (pulverised  marble,  chalk),  sugar  of  lime,  or  neutral  tartrate  of  potash. 
An  addition  of  carbonate  of  lime  to  the  must,  or  to  the  wine,  is  not  detrimental,  in  so  far 
that  the  wine  retains  none,  or  a  veiy  small  quantity,  of  the  lime-salt.  Carbonate  of  lime 
will  not  be  of  service  in  the  case  of  so-called  acid  fermentation,  as  acetate  of  lime  will 
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then  be  formed,  and  the  wine  is  no  longer  worthy  the  name.  Liebig  recommends  the  nse 
of  neatral  tartrate  of  potash  for  this  purpose,  as  bitartrate  of  potash  is  formed,  which 
settles  as  an  insolable  salt  to  the  sides  of  the  vessel  or  bottle.  The  nse  of  this  neutral- 
ising agent  has  the  merit,  moreover,  of  not  injuring  the  flavour  and  odour  of  the  wine. 
Sugar  of  lime  can  be  employed  in  the  case  of  wines  not  containing  acetic  acid.  To  pre- 
pare the  sugar  of  lime,  slaked  lime  is  diluted  with  ten  times  the  quantity  of  water,  to  form 
a  thin  cream.  This  cream  is  thinned  with  sufficient  water  to  obtain  a  milk  of  lime,  in 
which  sugar-candy  is  dissolved.  The  solution  is  left  to  stand,  and  the  clear  supernatant 
liquor — a  solution  of  sugar  of  lime — decanted  to  mix  with  the  wine  as  required.  When 
the  wine  is  treated  with  the  sugar  of  lime  solution,  the  lime  forms  with  the  acid  of  the 
wine  an  insoluble  salt,  which  is  precipitated,  while  the  sugar  remains  in  the  wine. 

Another  addition  to  wine,  hardly  bearing  upon  its  improvement,  but  effected  as  a  means 
for  its  preservation  during  removal  or  exportation,  is  that  known  in  France  as  the  vinage, 
a  certain  quantity  of  brandy  being  mixed  with  the  prepared  wine.  When  the  wine  is  to  be 
exported  from  France,  the  law  permits  the  addition  of  5  litres  of  brandy  to  each  hecto- 
litre of  wine,  provided  the  alcoholic  contents  after  the  addition  do  not  exceed  21  per  cent. 
But  experiments  have  proved  that  the  wine  delivered  to  private  consumers  does  not  on  the 
average  contain  more  than  10  to  11  per  cent  of  alcohol,  while  the  wine  delivered  to  retail 
firms  averages  16  to  17,  and  to  wholesale  firms  22  to  24  per  cent.  To  prevent  this  fraudu- 
lent proceeding,  the  operation  of  vinage  is  permitted  only  in  the  Departments  of  the 
Pyr^n^es  Oricntalcs,  Aude,H^rault,  Garde  Bouches  du  Bhone,  and  Var,  immediately  under 
the  inspection  of  the  Commissioners  appointed  to  this  duty.  In  1865,  Schecle  introduced 
his  method  of  improving  wine  by  the  addition  of  glycerine,  the  addition  being  made  after  the 
first  fermentation  has  subsided.  The  limits  of  the  addition  lie  between  i  to  3  litres  of 
glycerine  to  i  hectolitre  of  wine.    But  the  expense  will  not  permit  of  extended  operations. 

Beer  Brewing. 
Beer.  Beer  is  a  well  known  liquor  obtained  from  germinated  grain — chiefly  barley 
and  wheat,  sometimes  from  rice,  maize,  potatoes,  and  starch  sugar-r-and  hops,  by 
means  of  a  yeast  fermentation,  but  without  distillation  of  any  kind.  It  contains  the 
constituents  of  the  grain  employed,  which  constituents  by  decomposition  form 
dextrose,  dextrine,  and  albuminous  substances,  alcohol,  carbonic  acid,  small  quanti- 
ties of  succinic  acid  and  glycerine,  organic  matter,  with  phosphates  of  the  alkalies 
and  alkaline  earths,  besides  the  constituents  of  tlie  hops. 

In  Bavaria,  the  Schenky  or  pot  beer,  is  brewed  in  the  winter,  and  the  Lager,  or  store 
beer,  in  the  summer.  The  winter  beer  is  brewed  during  October  to  April,  when  the 
highest  range  of  the  thermometer  is  12°  to  13°.  A  part  of  the  beer  by  a  short  storing  is 
set  aside  for  winter  consumption,  while  the  remainder  is  used  during  the  summer  months. 

I  volume  of  malt  gives  on  an  average  2*5  to  2*6  wolumes  of  winter  beer. 
I  „  „  „  2*o  to  2*1         ,,  summer  beer. 

In  some  of  the  North  German  States,  potato-sugar  and  syrup  are  much  employed  in 
brewing,  sometimes  supplying  a  third  part  of  the  malt.  But  generally  i  cwt.  of  malt  gives — 

300  quarts  light  beer. 
200      „      double  beer. 
180      „      Bavarian,  or  bock  beer. 

MftteriaiB  of  Beer  Brewing.      The  materials  of  beer  brewing  are : — i.  Grain,  or  amylaceons 

substances.     2.  Hops.    3.  A  ferment.    4.  Water. 

Tlie  Orain. — The  grain  selected  for  this  purpose  is  generally  barley,  as  containing 

the  proportion  of  sugar  and  starch  best  adapted  to  form  alcohol.     Many  substitutes 

have  been  suggested,  but  with  inferior  success.     In  Bavaria,  the  large  double  barley 

(Hordeum  distichon),  is  preferred,    According  to  Lermer,  100  parts  of  dried  barley 

contain : — 

Starch      ...     ...  08*43 

Protein  substances 16*25 

Dextrine 6*63 

I  U w         ...  ...  ...  ...  ...  ...  ...  J    V/O 

Cellulose 7*10 

Ash  and  other  constituents   351 
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The  ash  of  barley  contains  in  lOO  parts : — 

X  o tasn   •••     •••     •••     •••     •••     •••       1/ 

30 

33 

7 

3 


•  •         ••  • 


•  •         ••• 


•  •         •  •  • 


•  •         ••• 


Phosphoric  acid   ... 
Silicic  acid 
Magnesia 
Lime 

with  other  constituents.     Potatoes,  rice,  maize,  glycerine,  and  potato-  or  starch 
sugar,  are  employed  in  some  modem  breweries. 
Hops.      The  hop  {Hamulus  lupulus),  is  a  disBcious  plant  of  the  natural  order  of 
UrticacesB,  the  female  flowers  of  which,  or  catkins,  are  used  for  flavouring  beer. 
The  catkins,  or  strobils,  are  composed  of  a  number  of  bracts  or  scales,  which  are 
green,  afterwards  changing  to  a  pale  yellow.    At  the  base  of  each  flower  is  seated 
the  pistil  containing  the  seed,  while  surrounding  the  pistil  are  a  number  of  little 
grains,  embedded  in  a  yellow  powder,  the  farina,  containing  the  active  property  of 
the  hop,  essentially  lupuline,  the  grains  being  termed  lupulinic  grain.    This  yellow 
pulverulent  substance  contains  an   essential  oil,  tannic  acid,   and  mineral  con- 
stituents.   The  essential  oil,  the  flavouring  principle  of  the  hops,  is  found  in  air- 
dried  hops,  to  the  amount  of  08  per  cent ;  it  is  yellow-coloured,  with  an  acrid  taste, 
without  narcotic  effect,  of  a  sp.  gr.  =  0908,  turning  litmus  paper  red.    It  requires 
more  than  600  times  its  weight  of  water  to  effect  a  solution.    It  is  free  from  sulphur, 
and  belongs  to  the  group  of  essential  oils  characterised  by  the  formula,  OjHs,  and 
can  become  oxidised  under  contact  with  the  air  into  valerianic  acid  (G5H10O2),  this 
oxidation  being  the  cause  of  the  peculiar  cheesy  odour  of  old  hops ;  it  is  a  mixture 
of  a  hydrocarbon,  CjHs,  isomeric  with  the  oils  of  turpentine  and  rosemary,  with 
an  oil  containing  oxygen,  doHisO,  having  the  property  of  oxidation  alluded  to. 
Tannic  acid  is  found  in  the  several  kinds  of  hops,  in  quantities  varying  from  2  to  5 
per  cent,  and  is  an  important  constituent,  as  it  precipitates  the  albuminous  matter  of 
the  barley  and  serves  to  clear  the  liquor.     It  gives  with  the  per- salts  of  iron  a  green 
precipitate ;  treated  with  acids  and  synaptase,  does  not  separate  into  gallic  acid  and 
sugar ;  and  by  dry  distillation  does  not  give  any  pyrogallic  acid.    The  hop  retin  is 
the  important  constituent  of  the  hops,  and  contains  the  bitter  principle  or  lupuline. 
It  is  difficultly  soluble  in  water,  especially  in  pure  water  and  when  the  lupuline  or 
essential  oil  is  absent.      But  water  containing  tannic    acid,    gums,  and    sugar 
dissolves  a  considerable  quantity  of  the  resin,  especially  when  the  essential  oil  is 
present.    It  is  intensely  bitter  in  taste,  and  becomes  foliated  when  exposed  to  the 
atmosphere.    Hop  resin  and  the  essential  oil  are  not  identical ;  the  former  is  soluble 
in  ether,  the  latter  is  not.    In  the  course  of  long  exposure  it  becomes  insoluble.    The 
gum  and  extractive  colouring  matter  are  of  little  use.    The  mineral  constituents  of 
hops  dried  at  100''  are : — ^iu  ash,  9  to  10  per  cent ;   15  per  cent  of  phosphoric  acid ; 
Z7  per  cent  potash,  ka. 
Qiudity  of  the  Hopa.      The  quality  of  the  beer  is  almost  proportionate  to  the  quality  of 
the  hops.    A  rich  soil  is  required  for  the  growth  of  the  hop-plant,  well  exposed  to 
the  influence  of  the  suq's  rays,  and  protected  from  easterly  winds,  which  are  highly 
detrimental.    The  hops  must  on  no  account  be  gathered  until  the  seed  is  perfectly 
ripe,  as  it  is  only  then  that  the  bitter  quality  is  fully  developed.    The  ripeness  of 
the  hops  can  be  ascertained  by  rubbing  them  between  the  fingers ;  if  an  oily  matter 
remains,  witli  a  strong  odour,  they  are  fit  for  gathering.    When  gathered,  the  next 
most  important  operation  is  the  drying,  which  is  effected  in  kilns  or  stoves,  at  a 
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temperatnre  of  40^,  with  a  good  Tentilation.  When  sufficiently  dried,  the  small  stem 
attached  to  the  flower  snaps  readily.  The  temperatnre  mnst  he  carefnlly  regulated ; 
not  permitted  to  range  so  high  as  to  run  the  risk  of  huming  the  hops,  nor  allowed  to 
fall  so  low  that  the  hops  may  afterwards  hecome  mouldy  from  nnder-drying.  When 
dried  the  hops  are  carefully  packed,  the  finer  kinds  heing  put  into  canvas  pockets* 
and  the  inferior  into  hop-hags  of  a  coarser  texture.  The  hags  are  then  suhjeoted  to 
slight  pressure  in  a  hydraulic  or  screw  press,  to  render  them  more  impervious  to  air. 
To  preserve  the  hops  they  are  sometimes  sulphured,  that  is,  subjected  to  the  action 
of  vapours  of  burning  sulphur,  i  to  2  lbs.  of  sulphur  being  employed  to  i  cwt  of 
hops.  Old  hops  are  sometimes  treated  in  this  manner,  to  impart  the  colour  and 
appearance  of  freshly  dried  hops,  but  the  fraud  can  be  detected  by  the  odour.  The 
best  method  of  testing  for  sulphur  in  hops  is  as  foUows : — ^A  sample  of  the  hops  is 
placed  in  a  sulphuretted  hydrogen  apparatus,  with  some  zinc  and  hydrochloric  acid ; 
the  disengaged  gas  is  passed  through  a  solution  of  acetate  of  lead.  If  the  hops  con- 
tain sulphurous  acid,  sulphuretted  hydrogen  will  be  disengaged — 

(SOa+ 2Ha=  SHa+ 2HaO) , 

and  black  sulphide  of  lead  thrown  down  from  the  lead  solution.  Better  still  is  to 
receive  the  disengaged  gas  in  a  solution  of  nitroprusside  of  sodium,  to  which  a  few 
drops  of  potash-ley  have  been  added ;  the  slightest  trace  of  sulphuretted  hydrogen 
imparts  a  beautiful  purple-red  colour  to  the  solution. 

BautitatM  f or  Hops.  Other  Bubstances  have  been  used  as  BubstituteB  for  hops,  as  the  bark 
of  Bome  BpecieB  of  the  pine,  quassia,  waluut  leaf,  wormwood,  bitter  clover,  extract  of 
aloes,  &o. ;  recently  picric  acid  has  been  employed.  Although  all  these  substances  impart 
a  bitter  taste  to  beer,  they  are  inferior  to  hops.  They  contain  the  same  constituents, 
namely,  tannic  acid,  a  resin,  a  bitter  extractive,  and  an  essential  oil. 

Water.  Water  is  employed  for  steeping  the  barley  for  the  purpose  of  inducing  germi- 
nation. Brewers  are  careftil  as  to  the  usual  distinction  of  hard  and  soft  waters.  Soft  water 
contains  fewer  mineral  constituents.  Rain,  like  distilled  water,  is  a  very  soft  water,  con- 
taining traces  only  of  organic  matter,  nitrates  and  carbonate  of  ammonia.  Spring  and 
well  water  are  in  most  cases  hard  waters,  while  river  water  is  often  soft.  Soft  water,  or  nearly 
so,  is  best  adapted  for  brewing.  Biyer  water  is  preferred  for  malting.  Aocordin^f  to 
Mulder,  in  water  containing  lime  an  insoluble  phosphate  is  deposited,  whUe  in  the  course 
of  time  lactic  acid  is  formed.  The  water  employed  is  usually  purified  by  filtration  through 
sand,  gravel,  and  charcoal. 

Th«  r«nncnt.  The  ycast  of  former  operations  is  generally  employed  in  fermenting  the 
beer- worts.  The  preparation  of  the  yeast  and  the  ratiotiaU  of  the  process  of  fermentation, 
given  in  a  previous  section  of  this  work,  should  be  consulted. 

^hiS'SaUm^  The  brewing  of  beer  may  be  considered  to  consist  of  the  following 
operations : — 

1.  The  malting. 

2.  The  mashing. 

3.  The  fermentation  of  the  beer-worts. 

4.  The  fining,  ripening,  and  preservation  of  the  beer. 

Tk«  Maiung.  I.  Malting  is  tlie  process  during  which  the  grain — barley — ^is  germi- 
nated, by  means  of  steeping  in  water  until  it  swells  and  becomes  soft.  The  non- 
germinated  grain  possesses  only  in  a  very  small  degree  the  property  of  changing  its 
starch  into  sugar  (dextrose) :  this  property  is  very  fully  developed  during  the  germi- 
nation, so  much  so  that  it  would  be  an  easy  matter  to  distinguish  between  the 
germinated  and  non-germinated  seed  by  the  degree  of  this  property  alone.  As  has 
been  already  stated,  barley  is  the  grain  preferred,  on  account  of  its  forming  sugar  in 
larger  quantities  than  any  other  kind  of  grain.  The  germination  of  the  seed  takes 
place  in  three  well-marked  periods.    In  the  first,  the  seed  is  enveloped  in  an  outer 
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organ,  which  hecomes  exhausted  and  withered.  In  the  second,  the  growth  of  the 
germ  is  shown  by  the  swelling  at  the  end  by  which  it  was  attached  to  the  stalk ;  and 
in  the  third  period,  the  little  plumule  or  acrospire,  which  would  form  the  stem  of  the 
new  plant,  is  put  forth.  The  germinating  seed  is  similar  to  an  egg,  with  its  white, 
yolk,  and  embryo  ;  the  shell  corresponds  with  the  outer  or  hard  coating  of  the  seed ; 
the  white  and  yolk  of  the  egg  appear  as  the  albumen,  or  meal  of  the  grain ;  while 
the  embryo  of  the  egg  has  its  analogue  in  the  germ  of  the  grain.  A  remarkable 
change  takes  place  during  germination ;  the  glutinous  constituent  has  passed  from 
the  body  of  the  grain  to  the  radlcuUi,  ox  rootlet,  which  has  grown  to  nearly  the  length 
of  the  grain,  while  about  one-half  of  the  starch  has  been  converted  into  sugar. 
This  conversion  is  the  aim  of  the  malting,  as  by  its  means  the  sugar  can  be  readily 
dissolved.  The  grain  is  supposed  to  have  been  sufficiently  treated  when  the  plumuta^ 
or  acrospire,  has  attained  a  length  equal  to  two-thirds  of  the  entire  length  of  the 
grain.  The  operation  of  germination  is  the  same  with  all  kinds  of  grain  employed 
in  brewing.  The  conditions  of  success  are — the  saturation  of  the  grain  with  mois- 
ture, and  a  temperature  of  not  higher  than  40**  nor  lower  than  4°,  with  access  of  air 
and  exclusion  of  light. 

a.  The  softening  or  soaking  of  the  grain  is  accomplished  in  large  cisterns  of  wood, 
sandstone,  or  cement  half  filled  with  water.  The  grain  is  poured  into  the  water, 
and  after  the  lapse  of  an  hour  or  so.  sinks  to  the  bottom  of  the  tank,  only  the  infe- 
rior and  diseased  seed  remaining  on  the  surface,  to  be  removed  with  wooden  shovels, 
and  thrown  aside  for  use  as  fodder  for  horses,  cattle,  &c.  The  steep  water  receives 
the  soluble  constituents  of  the  husk  of  the  seed,  and  becomes  of  a  brown  colour  and 
peculiar  flavour,  with  a  decided  inclination  to  lactic,  butyric,  and  succinic  acid  fer- 
mentation. The  duration  of  the  softening  varies  according  to  the  age  of  the  grain, 
the  temperature  of  the  water,  &c.  A  young  fresh  grain  requires  48  to  72  hours' 
soaking,  while  an  older  grain,  containing  more  gluten,  is  not  thoroughly  softened 
nn^er  6  to  7  days.  Grains  of  equal  age  and  constitution  must  be  soaked  together,  to 
obtain  an  equally  softened  product.  After  sufficient  soaking  the  grain  is  allowed  to 
drain  for  8  to  10  hours,  then  taken  out  and  thrown  into  heaps  on  the  floor  of  the  malt- 
house.  The  sufficiency  of  the  soaking  is  ascertained — i.  By  pressing  the  grain 
between  the  flnger  and  thumb-nail,  when,  if  sufficiently  moistened,  the  germ  or 
embryo  will  be  projected.  2.  The  husk  is  easily  destroyed  by  pressure  between  the 
fingers.  3.  When  crushed  with  a  piece  of  wood  the  grain  yields  a  floury  mass. 
The  grain  when  softened  has  a  peculiar  aroma,  resembling  that  of  apples.  The 
quantity  of  water  usually  absorbed  by  the  barley  amounts  to  40  to  50  per  cent  of  its 
weight,  while  the  grain  correspondingly  increases  in  volume  18  to  24  per  cent. 
During  this  absorption  the  gi*ain  loses  104  to  2  per  cent  of  its  own  weight  in  solid 
matter.  Lermer  states,  that  in  fresh  steep  water  he  has  found  succinic  acid  in  the 
proportion  of  30  grms.  to  i  bushel  of  grain  soaked. 

h.  The  Oermination  of  the  Softened  Grain. — As  soon  as  the  grain  is  thoroughly 
saturated  with  moisture,  the  conversion  of  the  starch  into  sugar  commences.  When 
germination  has  proceeded  far  enough  it  must  be  stopped,  as  about  this  time  the 
formation  of  sugar  has  reached  a  maximum.  The  softened  barley  is,  as  before 
stated,  transferred  to  the  floor  of  the  malting-room,  where  it  is  "couched,"  or  placed 
in  a  layer  4  to  5  inches  in  thickness.  Here  the  germination  proceeds  till  the  plumules 
have  attained  the  desired  length.  The  temperature  rises  some  6  to  10°,  on  account  of 
the  heat  developed  during  germination,  and  consequently  much  of  tJbe  moisture  is 
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dissipated.  The  chief  art  of  the  maltster  consists  in  stopping  the  germination  at 
that  point  when  the  plumules  and  roots  commence  to  draw  upon  the  constituents  of 
the  grain.  The  duration  of  the  germination  varies,  during  the  warmer  months  of 
the  year,  from  7  to  10  days,  while  towards  autumn  the  process  will  not  be  completed 
under  10  to  16  days,  but  the  average  duration  is  8  days.  The  grain  during  the  ger- 
mination loses  about  2  per  cent  of  its  weight,  probably  by  the  oxidation  of  the 
carbon  to  carbonic  acid  by  the  oxygen  of  the  air. 

o.  The  Drying  of  the  Oerminated  Grain. — The  grain  is  now  removed  to  the  drying 
floor  (welkhoden)y  where  it  is  exposed  to  the  air  in  layers  3  to  5  centims.  in  depth,  and 
turned  about  with  rakes  6  to  7  times  daily.  When  the  malt  becomes  dry  it  is 
cleared  from  the  rootlets,  some  of  which  drop  off  by  themselves,  while  others  have 
to  be  removed  by  winnowing.  Malt  must  be  dried  for  the  making  of  most  kinds  of 
beer,  and  has  to  undergo  a  roasting  process  before  quite  fitted  for  use.  This  drying 
or  roasting  is  effected  in  a  malt  kiln  or  cylinder  heated  by  flues  to  the  boiling-point 
of  water.  During  the  roasting  the  malt  acquires  a  darker  colour,  due  to  the  con- 
version of  the  remainder  of  the  starch  into  sugar.  The  equality  of  tlie  temperature 
is  of  tlie  utmost  importance,  so  that  one  part  of  the  malt  may  not  be  more  strongly 
heated  than  another.  Before  the  malt  is  submitted  to  this  operation,  however,  it  is 
first  heated  to  30  or  40°.  By  this  means  some  of  the  starch  is  converted  into  gluten, 
and  forms  a  coating  to  the  grain  impervious  to  water,  the  malt  being  in  this  stage 
known  as  **  bright  *'  malt  from  its  smooth,  glossy  appearance. 

The  malt  kilns  consist  essentially  of  tlie  drying  plates  upon  wliich  the  malt  is 
laid,  and  the  heating  flues.  Tlie  plates  used  to  be  of  stone  or  sheet-iron,  but 
modern  brewers  employ  wire-wove  frames,  placed  one  above  the  other,  so  that  the 
hot  air  from  the  flues  beneath  may  ascend  through  the  interstices.  The  flues  are 
generally  of  sheet-iron  for  tlie  better  conduction  of  heat  to  the  surrounding 
atmosphere.  Coke  is  used  as  fuel  on  account  of  the  absence  of  smoke ;  as  with  coal 
or  wood  in  the  event  of  a  leakage  in  the  flues  considerable  damage  would  be  done 
to  the  malt. 

The  malt  is  not  all  dried  at  the  same  degree  (50°  to  100^  C),  but  is  distinguished 
as  pale,  amber,  brown,  or  black  malt,  according  to  the  degree  of  heat  to  which  it  has 
been  exposed.  Pale  malt  results  from  heating  to  33°  to  38°;  amber,  from  a  temperature 
of  49°  to  52**;  and  brown  from  the  ratlier  liigh  temperature  of  655°  to  76*5°.  Black 
malt,  commonly  called  patent  malt,  is  prepared  by  roasting  in  cylinders,  like  coffee 
cylinders,  at  a  temperature  of  163°  to  220°.  These  darker  malts  arc  used  in  England 
for  colouring  porters  and  stouts. 

100  parts  of  barley  give  92  parts  of  air-dried  malt.  The  loss  of  8  parts  may  be 
thus  accounted  for : — 

In  the  steep-water    i*5 

During  malting 3*0 

During  germination 3*0 

Other  losses       0*5 

Total  loss 80 

The  moisture  in  air-dried  malt  amounts  to  12  to  i5'2  per  cent,  which  is  expelled 
during  the  kiln  drying.  According  to  C.  John  (1869)  100  P«"^  ^^  dried  barley 
give — 


Products  of  roasting 

oo 

Dextrine       

So 

Starch    

581 

Sugar     

0*5 

Cellulose       

14-4 

Albuminous  matter 

136 

2*2 

fai;***      •••       •••      «•• 

3*2 
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I.  n. 

Malt      83'09  85*88 

Plumules      3*56  3*09 

Radicules  (rootlets)     4*99  4-65 

Fermentary  products 8'36  6*38 

lOO'OO  lOO'OO 

The  change  undergone  during  the  drying  or  roasting  of  the  malt  is  shown  in  the 
following  table,  the  result  of  Oudeman's  analyses : — 

Air-dried  Malt.    Kiln-dried  Malt.    Strongly  dried  Malt. 

7*8  140 

6'6  loa 

586  476 

0*7  o'9 

io'8  ii'5 

10-4  10*5 

2*4  2'6 

27  27 

The  amount  of  sugar  is  undoubtedly  increased  during  the  process;  and  the 
dextrine  appears  to  increase  with  decrease  of  starch,  and  vice  versA,  The  conversion 
of  starch  into  dextrine  and  sugar  is  effected,  as  far  as  is  known,  by  the  agency  of 
diastase.  Dubnmfaut  has  only  lately  (1868)  shown  that  malt  presents  another 
substance  similar  in  its  effect  to  diastase,  and  which  he  termed  maltin.  This  principle 
is  found  to  be  much  more  active  than  diastase,  so  that  with  the  same  quantity 
of  maltin  which  a  known  quantity  of  malt  contains,  ten  times  as  much  beer  can  be 
obtained  as  when  diastase  only  is  employed.  Dubnmfaut  has  also  found  a  second 
but  less  active  substance.  Its  behaviour  with  respect  to  the  decomposition  of  starch 
is  similar  to  that  of  diastase ;  malt  contains  i  k  per  cent,  while  only  i  per  cent  of 
maltin  is  found.  The  treatment  with  alcohol  necessary  to  obtain  diastase  destroys 
the  maltin.  Dubnmfaut  believes  diastase  to  be  only  a  less  active  modification  of 
these  new  substances. 

"'"'**^«t,  ******  2-  Under  this  head  is  included  the  preparation  from  malt  of  the 
wort — a  saccharine  fluid  containing  dextrine — and  the  flavouring  with  hops.  The 
general  method  of  preparation  is  in  three  operations : — 

a.  The  bruising  of  the  malt. 

b.  The  mashing. 

c.  The  boiling  and  flavouring  of  the  wort  with  hops. 
TiMSraMBffef  th«      ^   Becr-wort,  or  the  wort,  as  it  is  generally  termed,  is  obtained 

by  means  of  the  extraction  of  the  bruised  malt  with  water.  To  the  end  that  all  the 
active  principles  may  be  extracted  from  the  malt,  it  must  be  bruised  or  ground  to  a 
fine  meal.  The  obtaining  of  a  clear  liquor  after  the  extraction  is  effected  by 
means  of  filtration.  The  grinding  is  ordinarily  performed  in  a  malt  mill,  a  machine 
with  rollers  being  preferred  as  affording  a  more  equable  product. 

MMhinc.  b.  The  mashing  is  a  most  important  operation,  on  success  in  which 
depends  many  of  the  good  qualities  of  the  beer.  It  is  during  this  operation  that 
not  only  the  sugar  and  dextrine  already  existing  in  the  malt  are  set  free,  but 
also  the  unconverted  starch,  by  the  aid  of  diastase,  the  water,  and  a  fieiYOurable 
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temperature,  suffer  couyersion  into  sugar  and  dextrine.  Lermer  found  in  the  best 
cases  of  mashing  that  only  half  the  starch  was  converted  into  a  corresponding 
quantity  of  sugar.  The  operation  is  very  variously  performed,  but  generally  may  be 
considered  as  effected  by  either  of  two  methods : — 

a.  The  Infusion  Method^  according  to  which  the    mash  is  prepared   at  a  certain 

degree  of  heat,  but  never  attains  the  boiling-point.  The  crashed  malt  is  thrown 
into  hot  water  (Jirst  east)  in  the  mash  tim,  and  when  the  mash  has  reached  a 
certain  sacohanoe  condition,  a  farther  addition  of  water  is  made  {second  and 
third  cast).  The  infasion  method  is  much  employed  in  North  Germany,  France, 
England,  Austria,  and  Bavaria. 

b.  The  Decoction  Method, — After  the  infasion  has  been  made  the  mash  is  brought  to 

the  boiling-point,  and 

a.  A  portion  of  the  water  evaporated  to  form  a  thick  mass  {thick  mash 
boiling),  Ai  a  subsequent  stage,  only  a  portion  of  the  mash  having 
been  thus  treated,  the  remainder  of  the  mash  is  added,  and 

p.  The  whole  of  the  mash  is  heated  to  the  boiling-point  {cUarmash  boiling). 
Daring  the  clear  mash  boiling  the  hops  are  added. 

The  mashing  vessels  are  either  round  tubs  or  wooden  cisterns  with  a  double 
bottom,  the  upper  being  perforated,  and  about  an  inch  above  the  true  bottom.  Between 
the  bottoms  is  a  tap  thi*ough  which  the  wort  is  drawn  off.  In  large  breweries  these 
bottoms  are  of  metal  instead  of  wood.  The  hot  water  is  supplied  from  the  bottom 
and  not  from  the  top  of  the  vessel.  Under  the  mashing  vessel  is  situated  a  large 
reservoir,  either  of  stone,  cement,  wood,  or  masonry,  and  destined  to  receive  the 
fluid  run  off  from  the  mash.  The  continuous  stirring  of  the  contents  of  the  mash- 
tun  or  tub  is  effected  either  by  hand  or  machinery  driven  by  water  or  steam  power. 

DMoeUon  Method.  The  general  description  of  the  mashing  process  having  been  given, 
we  now  pass  on  to  the  particular  method  of  preparing  the  wort  by  decoction.  The 
infusion  takes  place  in  the  mash-tun,  in  which  the  required  quantity  of  water  is 
placed,  and  the  malt  to  be  mashed  shaken  in.  The  quantity  of  water  employed  in 
making  the  infusion  is  generally  in  the  proportion  of  202  volumes  of  water  to  100 
volumes  of  malt,  both  at  the  ordinary  temperature.  After  the  bruised  malt  has 
been  well  stirred  in  the  water,  the  whole  is  allowed  to  stand  for  6  to  8  hours.  During 
this  time  the  necessary  quantity  of  water  is  heated  to  the  boiling-point  in  the 
copper.  The  quantity  of  water  used  to  prepare  an  estimated  quantity  of  beer  is 
termed  the  ''cast,"  and  the  quantity  of  malt  the  ** yield."  In  Bavaria  the  quantity 
of  beer  prepared  from  a  defined  quantity  of  malt  is  as  follows : — 

100  volumes  of  malt  yield  [  ^^'^  ^^^^««  ^^  Schenk  beer. 
Awv  TVA      ^OM    *!*.»*.  J  1 173*4        „        „  Lager  beer. 

In  order  to  produce  this  quantity  of  beer  an  equivalent  quantity  of  water  must  of 

course  be  employed,  so  that  in  a  Bavarian  brewery  to  100  volumes  of  malt  there  are 

taken  of  water — 

Schenk  beer.  Lager  beer. 

For  infusion... 202*3  vols.  202*3  vols. 

For  mashing 1700    „  130*0    „ 

3723  vols.  3323  vols. 

These  proportions  vary  according  to  the  quality  of  the  grain,  the  state  of  the 
weather,  the  length  of  time  of  keeping,  &c. 

The  various  modificatious  of  the  decoction  method  are — i.  The  Bavarian  or  Munich 
method.  2.  The  Angsberg- Nuremberg,  or  Swabian  method,  sometimes  termed  "  sediment 
brewing  '*  {satz  brauen). 

Thick  Maah  BoiiioR.      According  to  the  Munich  method  (thick  mash  boiling)  the  oast  of  water  is 
divided  into  three  portions,  two  of  which  are  poured  into  the  mash-tun  to  form  a  paste  with 
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the  bmifled  malt.  After  this  mash  has  stood  for  two  to  four  hours,  the  remaming  third  of  the 
water,  which  dnriiig  this  time  has  been  heated  to  the  boiling-point  in  the  copper,  is  added, 
the  whole  of  the  mash  attaining  thereby  a  temperature  of  30*  to  40°.  Then  follows  the 
first  thick  mash  boiling ;  for  tMs  purpose  the  brewer  draws  the  mashed  grain  to  one  side 
of  the  tnn,  and  removes  a  portion  to  the  copper,  where  for  schenk  beer  it  is  boiled  for  thirty 
minutes,  and  for  summer  beer  for  seventy-five  minutes.  The  quantity  of  mash  boiled 
at  each  operation  is  generallv  about  half  the  cast.  The  boiling  mass  is  returned  to  the 
mash  tun.  Then  follows  the  second  thick  mash  boiling,  which  for  schenk  beer  lasts 
seventy-five  minutes,  and  for  summer  beer  an  hour.  By  means  of  the  first  boiled  mash 
the  contents  of  the  mash  tun  are  raised  to  a  temperature  of  48°  to  50**,  and  by  the  second 
addition  to  60°  to  62**.  After  the  finishing  of  the  second  mashing  the  clear  mashing  begins, 
that  is,  the  thinly  fluid  part  of  the  mash  is  placed  in  the  copper  and  boiled  for  about 
fifteen  minutes,  and  is  then  returned  to  the  mash  tun.  The  temperature  of  the  mash  is 
now,  72°  to  75°,  and  is  most  suited  for  the  formation  of  sugar.  The  mash  remains  in  the 
covered  tun  i  i  to  2  hours.  During  this  time,  and  as  soon  as  the  clear  mash  has  been 
removed  from  the  copper,  the  latter  is  re-filled  with  a  sufficient  quantity  of  water  for  the 
purposes  of  brewing  small  beer.  When  the  sugar  has  been  properly  formed  and 
dissolved  in  the  wort  the  latter  is  removed  from  the  mash  tun  to  the  fermenting  vessels. 
The  remaining  mash  is  then  treated  with  hot  water  to  yield  small  beer,  i  bushel  of  malt 
yielding  35  to  50  quarts  of  this  beer.  The  residue  of  the  small  beer  is  again  treated  with 
water,  the  resulting  infusion  being  employed  in  vinegar  making.  The  residue  from  this 
process  is  used  as  fodder  for  cattle. 

The  thick  mash  boiling  is  by  no  means  a  rational  method,  as  the  separation  of  the 
mash  and  the  several  removals  are  unnecessary  labour,  and  do  not  contribute  so  much  to 
the  complete  extraction  of  the  malt  as  is  generally  supposed ;  the  high  temperature  renders 
A  portion  of  the  diastase  ineffective,  while  much  of  the  starch  remains  unconverted  into 
dextrine  and  dextrose. 

All  who  have  tried  to  reduce  the  brewing  process  to  simple  methods  based  upon  sound 
chemical  and  physical  principles  declaim  against  the  process  of  thick  mash  boiling, 
stating — and  with  good  sound  reason  proved  by  experiments — that  the  advantages  of  thus 
method  are  absurdly  overrated ;  and  that  in  order  to  lessen  the  bad  effects  of  this  method 
as  much  as  possible  it  should  be  replaced  by  a  method  of  hot  mashing,  viz.,  at  a 
temperature  of  from  60°  to  65®. 

Aagibnig  Method.  Distiuct  from  the  foregoing  mash  methods  is  the  so  called  "  sediment 
brewing  "  used  in  many  Swabian  and  Franconian  breweries.  It  essentially  consists  in 
treating  the  bruised  malt  with  cold,  and  then  with  hot  water  to  obtain  a  saccharine  wort. 
The  bruised  malt  is  mixed  with  cold  water  in  the  mash  tun  in  the  proportion  of  7 
Bavarian  bushels  to  30  to  35  eimers  (each  ==68*41  litres)  of  water.  After  standing  for  four 
hours,  two-thirds  of  the  fluid  is  drawn  off.  During  this  time  a  quantity  of  water 
(48  eimers  to  7  bushels  of  bruised  malt)  is  brought  to  the  boiling-point  in  the  copper ;  a 
portion  of  this  water  is  now  added  to  the  contents  of  the  mash  tun,  which  thus  attains  a 
temperature  of  50**  to  52°,  while  the  liquor  or  weak  wort  drawn  off  from  the  mash 
tun  is  poured  along  with  the  rest  of  the  water  in  the  copper.  The  liquor  that  has  been 
drawn  off  contains  albumen,  diastase,  dextrine,  and  dextrose.  The  mash  is  allowed  to 
stand  for  a  quarter  of  an  hour  in  the  tun,  when  the  fluid  is  entirely  drawn  off,  transferred 
to  the  copper,  and  heated  to  the  boiling-point.  This  is  termed  the  *'  first  mash.'*  While 
this  is  going  on  enough  fluid  will  have  drained  from  the  malt  in  the  mash  tun  to  fill  the 
space  between  the  double  bottoms  of  the  tun ;  this  fluid  is  at  once  removed  to  the  cooling 
vessels.  The  fluid  heated  in  the  copper  is  now  returned  to  the  mash  tun,  the  entire 
contents  of  which  attain  a  temperature  of  72°  to  75°.  This  **  second  mash  '*  is,  after  an 
hour's  interval  followed  by  a  '*  third  mash."  The  wort  is  then  run  into  the  cooling 
vessels. 

infiuion  Method.      The  infosioH  method  is  distinguished  from  the  decoction  method  by 

a  slight  difference  in  the  procedure,  the  bruised  malt  being  treated  with  water  at  a 

temperature  of  70**  to  75°,  but  without  any  portion  of  the  mash  being  boiled.     The 

method  is  that  usually  employed  in  this  country,  North  America,  France,  Belgium, 

and  North  Germany. 

The  quantity  of  water  intended  to  be  used  for  the  mashing  process  is,  according 

to  the  initial  temperature  of  the  water  the  brewer  has  at  hand,  heated  either  wholly 

or  only  a  portion  in  the  copper,  the  temperature  of  this  fluid  being  raised  in  winter 

to  75^  in  summer  to  from  50°  to  60''.   The  necessary  quantity  is  first  poured  into  the 

mash  tun,  the  bruised  malt  being  next  added,  and  the  mixture  made  up  so  as  to 
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form  a  moderately  tMn  paste.  Water  is  heated  to  the  boiling-point  in  the  copper  in 
order  to  proceed  further  with  the  mashing  process.  As  soon  as  a  sufficient  quantity 
of  water  boils  it  is — usually  by  means  of  properly  constructed  pipes — allowed  to 
run  into  the  mash  tun,  wherein  it  is  considerably  cooled  owing  to  the  colder  water 
(liquor)  present  in  that  vessel;  the  increase  of  temperature  of  the  contents  of 
the  tun  to  y$°  (the  most  suitable  for  saccharification)  is  gradually  made  in  order  to 
prevent  the  formation  of  starch  paste,  whereby  the  formation  of  diastase  would  be 
interfered  with.  Since  the  conversion  of  amylimi  (starch)  into  dextrine  and  dextrose 
proceeds  gradually  only,  it  is  clear  that  the  contents  of  the  mash  tun  should  be  kept 
at  the  temperature  suitable  for  that  process ;  while,  however,  on  the  other  hand,  care 
has  to  be  taken  to  prevent  the  mash  becoming  sour  by  the  formation  of  lactic 
(probably  also  propionic)  acid. 

The  progress  of  the  formation  of  dextrine  and  dextrose  is  best  ascertained  by  the 
help  of  an  aqueous  solution  of  iodine,  or  preferably  of  iodine  dissolved  in  iodide  of 
potassium,  in  the  proportion  of  o'l  grm.  of  iodine  and  1*0  of  iodide  of  potassium  to 
100  c.c.  of  water ;  this  solution  will  at  first  give  with  a  sample  of  the  mash  a  dark 
blue  colouration,  next  a  wine  red,  and  finally,  when  only  dextrine  and  dextrose  are 
present,  no  colouration  at  all.  The  addition  of  two  to  three  drops  of  the  clear 
wort  to  a  small  quantity  of  this  iodine  solution  is  sufficient  for  testing.  When 
the  mash  has  been  kept  for  about  one  hour's  time  at  the  temperature  most  suitable 
for  the  saccharification,  the  wort  is  run  either  into  a  large  reservoir,  or  into 
a  vessel  kept  expressly  for  this  purpose,  or  lastly,  at  once  into  the  copper ;  and  a 
fresh  quantity  of  water  is  then  poured  into  the  tun,  and  the  contents  of  the  tun 
are  allowed  to  remain  for  half  to  one  hour  at  a  temperature  of  75^  It  is  as  a 
matter  of  course  quite  evident  that  the  infusion  method  may  be  varied  as  regards 
the  quantity  of  water  and  repeated  number  of  infusions ;  but  in  order  to  brew 
a  beer  of  a  certain  and  fixed  brand  it  is  requisite  that  the  degree  of  concentration 
of  the  wort  be  always  the  same.  For  the  purpose  of  ascertaining  the  degree  of 
concentration,  Balling's  saccharometer  is  generally  employed,  which  instnmient  when 
put  into  sugar  solutions  indicates  the  percentage  of  sugar  they  contain.  Balling 
has  shown  that  solutions  of  dry  extract  of  malt  have  the  same  specific  weight 
as  cane  sugar  solutions  of  equal  percentage.  For  use  in  a  brewery  the  saccharometer 
need  only  be  graduated  for  solutions  varying  between  20  to  30  per  cent. 

ExinctiTM  of  the  Wort.  The  quantity  of  extract  which  a  wort  should  contain  depends, 
of  course,  upon  the  quality  of  the  beer  which  the  brewer  desires  to  make,  and  differs 
according  to  the  nature  of  the  beer,  whether  it  shall  be  thick,  heavy  (rich  in 
extract)  or  strong  (of  great  alcoholic  strength).  The  quantity  of  malt  extract  varies 
in  different  beers  from  4  to  15  per  cent,  tliat  of  the  alcohol  from  2  to  8  per  cent. 
I  per  cent  of  sugar  in  the  wort  yields  after  fermentation  0*5  per  cent  of  alcohol.  To 
produce  a  beer  containing  5  per  cent  of  alcohol  and  7  per  cent  of  malt  extract,  the 
wort  should,  before  fermentation,  mark  the  degree  on  the  saccharometer  corre- 
sponding to  17  per  cent.  A  beer  of  3*5  per  cent  of  alcohol  and  5*5  per  cent  of  malt 
extract  wiU  have  resulted  from  a  wort  containing  12*5  per  cent  of  sugar. 

Boiling  the  Wort.  c.  The  prepared  but  not  yet  boiled  wort  contains  dextrose,  dextrine, 
some  unconverted  starch,  protein  substances,  extractive  matter,  and  organic  salts. 
The  colour  of  the  wort  is  a  brown  or  yellow-brown,  according  to  the  variation  of 
colour  of  the  malt  from  which  it  has  been  obtained.    The  odour  is  agreeable  and  the 
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taste  sweet.  The  wort  exhibits  an  acid  reaction  to  test-paper,  owing  to  the  presence 
in  that  fluid  of  small  quantities  of  free  phosphoric,  lactic,  and  probably  other  acids  ; 
bnt  in  case  the  wort  has  by  accident  become  sour,  or  if  wort  is  made  purposely 
from  already  exhausted  grain  which  has  become  sour,  this  reaction  is  far 
stronger,  and  may  be  ascertained  by  the  odour,  owing  to  the  formation  of  volatile 
acids,  among  which  butyric,  and  in  the  latter  case,  lactic  and  propionic  acids  are  present 
in  large  quantity.  The  boiling  of  the  wort  aims  at  its  concentration,  and  ^  also 
at  the  extraction  of  the  bitter  principle  of  the  hops ;  further  also  for  the  purpose 
of  coagulating  and  precipitating  a  portion  of  the  albuminous  substances,  by  the  aid 
of  the  tannic  acid  contained  in  the  hops.  This  latter  reaction  renders  the  wort 
dear.  In  many  breweries  gypsum  is  added  to  the  boiling  wort  to  reduce  the  whole 
of  the  nitrogenous  substances.  The  boiling  is  generally  effected  in  copper  cauldrons 
(technically,  also  simply,  "the  copper"),  set  in  masonry  over  a  fire-grate.  The  fire 
is  Tery  carefully  disposed  to  prevent  the  burning  of  the  wort,  as  the  pans  are 
exposed  to  the  direct  action  of  the  flame.  The  manner  of  hopping  (as  it  is  termed), 
that  is  to  say,  the  mode  of  adding  the  hops  to  the  wort,  varies  in  different  breweries, 
and  depends  as  regards  quantity  also  upon  the  quality  (strength)  of  the  hops,  the 
larger  or  smaller  amount  of  extract  contained  or  desired  to  be  retained  in  the  beer, 
and  last,  but  not  least,  the  mode  of  preservation  and  length  of  time  it  is  intended  to 
keep  the  beer. 

AUinf  the  Hop*.      To  wiutcr  bccr,  which  in  Germany,  as  a  rule,  is  consumed  in  four  to 
six  weeks  after  brewing,  the  old  hops  (viz.  one  year  old),  are  added  in  the  proportion 
of  2  to  3  pounds  to  a  Bavarian  bushel  of  malt  (2*22  hectolitres).    For  summer  beer,  to 
be  consumed  in  May  and  June,  4  to  5  pounds  of  new  hops  are  added  to  the  bushel  of 
dried  malt;  while  for  the  beer  for  September  and  October  consumption,  6  to  7  pounds 
of  new  hops  are  employed  with  each  bushel  of  malt.    Among  the  constituents  of 
hops  which  are  active  in  the  process  of  brewing,  we  mention  in  the  first  place  the 
bitter  ingredient  it  contains  (not  correctly  known,  notwithstanding  recent  research) 
and  which  as  well  imparts  to  beer  its  bitter  taste  as  its  narcotic  property ;  further,  the 
tannic  acid  which  combines  during  the  boiling  of  the  wort  with  a  portion  of  such 
of  its  protein  compounds  as  are  not  rendered  insoluble  by  the  boiling  alone,  and 
form  together  a  precipitate,  rendering   the  wort — previously  turbid — quite  clear, 
and  also  regulating  the  first  and  second  (so  called  after)  fermentation.    The  essential 
oil  and  resin  met  with  in  hops  act  to  a  certain  extent  as  retarding  the  fermentation, 
and  thus  as  preventatives  of  converting  the  wort  into  a  sour  liquid ;  as  regards  the 
inorganic  constituents  of  hops,  they  do  not  appear — at  least  cannot  be  directly 
proved — to  be  of  much  consequence.     As  regards  the  degree  of  concentration  to 
be  given  to  the  wort  by  the  process  of  boiling,  it  should  be  observed  that  the  degree 
of  concentration  as  ascertainable  by  the  saccharometer  should  remain  from  0'5  to  i 
■accharometrical  percentage  under  the  degree  of  concentration  which  the  wort 
should  indicate  at  the  beginning  of  the  fermentation,  because  while  cooling,  the 
wort  gains  in  concentration  just  the  percentage  alluded  to.    The  separation  of  the 
coagulated  albumen  does  not  take  place  until  the  temperature  of  the  wort  has 
reached  90'';    and  the  quantity  separated  is  greater  from  wort  prepared  by  the 
infusion  method  than  from  that  prepared  by  the  decoction  method.    As  soon  as  it 
appears  that  in  a  sample  of  the  boiling  wort  taken  from  the  pan  and  poured  into  a 
large  test-glass  the  suspended  flocculent  matter  settles  rapidly  to  the  bottom  of 
the  glass,  the  boiling  can  be  discontinued,  the  wort  being  then  ready ;  but  in  the 
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ease  of  the  infusion  method,  the  hoiling  is  continued  for  the  purpose  of  farther 
concentrating  the  liquor,  and  the  hoiling  for  this  purpose  may  even  last  for 
from  5  to  8  hours.  If  the  boiling  only  aims  at  the  coagulation  of  the  albuminous 
compounds,  one  hour's  boiling  in  winter,  and  three  quarters  of  an  hour  in  summer,  is 
quite  sufficient.  As  regards  the  hops,  it  is  best  to  add  them  in  a  somewhat  cut  up 
state,  and  not  before,  by  a  good  boiling  of  the  wort,  the  greater  part  of  the  albuminous 
compounds  have  been,  as  far  as  possible,  precipitated.  In  order  to  extract  the  hops, 
the  wort  is  either  passed  through  a  basket  filled  with  hops  or  through  any  suitably 
constructed  perforated  vessel  retaining  the  hops,  this  vessel  being  placed  in  com- 
munication with  the  coolers ;  or  the  hops  are  boiled  along  with  the  wort ;  or  again, 
several  portions  of  the  wort  are  boiled  successively  along  with  the  same  quantity  of 
wort ;  and  lastly,  even  with  the  weakest  wort  or  after-run. 

Cooling  ibM  Wort.  The  cooling  of  the  wort  to  the  degree  necessary  for  the  commence- 
ment of  the  fermentation  is  effected  in  large  wooden,  stone,  or  iron  cisterns.  As 
at  a  temperature  of  2$^  to  30°  0.  the  wort  has  a  great  tendency  to  set  up  lactic  acid 
fermentation,  the  cooling  has  to  be  very  rapid  in  order  that  the  temperature  of  the 
liquid  may  be  soon  much  below  25''  to  30^  and  thus  any  danger  of  souring 
prevented. 

The  cooling  of  the  wort  is  an  operation  which  is  performed  in  well  constructed 
and  in  all  directions  well  ventilated  buildings,  protected  from  rain,  in  which 
buildings  the  coolers  are  placed.  Owing  to  improvements  in  the  modes  of  cooling, 
it  is  now  possible  even  to  brew  beer  in  localities  (as  for  instance  Montpellier 
and  Marseilles,  Barcelona,  and  Naples)  where  formerly,  on  account  of  the  prevailing 
high  temperature  during  the  greater  portion  of  the  year,  brewing  could  not  take 
place  at  all;  while  also  for  the  same  reason  in  various  countries  (America, 
United  States  especially),  excellent  lager  beer  is  brewed.  The  cooling  vessels 
are  generally  only  6  to  8  inches  deep,  of  wood,  iron,  or  copper,  and  are  placed  in 
an  airy  situation  near  or  immediately  under  the  roof  of  the  brewery.  Metallic 
vessels  are  of  course  more  effectual  in  cooling  the  wort  in  a  short  time  than  wooden 
ones ;  they  are  also  more  cleanly,  and  less  liable  to  get  out  of  order.  In  some 
breweiies,  where  a  constant  stream  of  cold  water  is  available,  the  coolers  are  placed 
therein ;  but  tliis  is  of  course  a  matter  entirely  depending  on  the  locality  of  the 
brewery.  Witliout  doubt  the  surest  means  of  cooling  the  wort  rapidly  is  by 
employing  ice.  either  in  blocks  in  tlie  wort  or  in  pans  placed  in  the  cooling  tuns. 
But  for  economic  reasons  this  plan  is  not  generally  available.  The  temperature 
to  which  the  wort  is  to  be  cooled  is  that  best  suited  to  fermentation,  the  next  process 
to  which  the  wort  is  subjected.  The  following  are  the  temperatures  at  which  fer- 
mentation most  readily  sets  in,  depending  upon  the  temperature  of  the  locality  and 
npon  the  kind  of  fermentation  : — 

Temperature  of  the  wort. 


Temperature  of  the  locality 
where  the  fermentation 
takes  place. 

In  sedimentary 
fermentation. 

A , 

In  superficial 
fermentation. 

6°  to    y" 

12'* 

15° 

7   to    8' 

II' 

14° 

8°  to    9° 

10" 

13* 

9^  to  10^ 

9** 

la" 

10^  to  12' 

7^  to  8' 

la'to  ii» 

The  concentration  of  the  boiled  and  hopped  wort  is  expressed  in  degrees  per  oent 
of  the  saccharometer. 
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might  be  compared  to  that  of  irregular  masses  of  broken  ap  rooks ;  at  the  same  time  a 
more  viyid  evolntion  of  carbonio  acid  takes  place  and  becomes  perceptible  by  the  smell. 
The  German  term  for  this  phase  of  the  fermentation,  Dm  Bier  Steht  im  Erdtuen^  can 
hardly  be  expressed  in  English,  bat  the  meaning  is  the  fermentation  is  in  full  force ;  these 
phenomena  to  continue  with  a  regularly  proceeding  fermentation  in  full  activity  for  from 
two  to  four  days,  and  then  gradually  subside,  there  remaining  on  the  sui'f ace  of  the  liquid 
a  somewhat  brown-coloured  film  of  froth,  much  contracted,  and  chiefly  consisting  of  the 
resinous  and  oily  constituents  of  hops. 

The  yeast  formed  is  only  to  a  very  small  extent  present  on  the  surface  of  the  liquid, 
as  in  the  case  of  sedimentary  fermentation  the  carbonic  acid  eyolved  cannot  carry  the 
isolated  yeast  cells  to  the  surface.  The  temperature  of  the  fermenting  liquid  increases 
at  the  beginning  of  the  fermentation,  so  that  the  liquid  becomes  seyeral  degrees 
warmer  than  the  air  of  the  locality  where  the  fermenting  yats  are  placed.  By  the 
fermentation  the  wort  loses  the  greater  portion  of  its  dextrose,  about  half  of  which  is 
eyolyed  in  the  shape  of  carbonic  acid,  while  the  remainder  is  converted  into  alcohol ; 
further,  a  portion  of  the  albuminous  substances  dissolved  in  the  wort  is  rendered 
insoluble  and  deposited  in  the  shape  of  yeast.  On  being  tested  with  the  saccharometer 
the  liquid — ^for  reasons  just  explained — exhibits  after  fermentation  a  less  degree  of 
strength  than  before.  The  difference  in  percentage  shown  by  the  saccharometer  before 
and  ^ter  fermentation  is  in  direct  proportion  to  the  quantity  of  dextrose  decomposed, 
and  provides  a  means  of  ascertaining  the  course  of  tiie  progress  of  the  fermentation. 
If  this  difference  be  made  the  numerator  of  a  fraction,  the  deuominator  of  which  is  the 
percentage  indicated  by  the  saccharometer  before  fermentation,  the  value  of  the  fraction 
will  increase  proportionately  with  the  completeness  or  efficacy  of  the  fermentation ;  if, 
for  instance,  a  wort  before  fermentation  marks  a  saccharometrical  percentage  of  11*5, 
and  afterwards  gives  5  per  cent ;  the  difference  6*5  divided  by  11*5  gives  the  coefficient 
0*565,  that  is,  of  100  parts  of  malt  extract  56*5  per  cent  are  decomposed  during  fermentation. 

^*ta  tS?*Slki!**"  After  the  chief  fermentation  is  completed,  which  for  summer  or  lager 
beer  requires  nine  to  ten  days,  and  for  winter  or  schenk  beer  seven  to  eight  days,  the  young 
or  green  beer  is  put  into  barrels,  after  having  become  quite  clear  by  tlie  separation  of  the 
yeast.  Before  the  beer  is  vatted  the  scum  present  on  its  surface  is  removed.  The 
yeast,  settling  to  the  bottom  of  the  vat  in  which  the  fermentation  took  place  consists 
of  three  layers,  the  middle  being  the  best  yeast ;  the  lowest,  decomposed  yeast  and 
foreign  matter,  is  mixed  with  the  yeast  of  the  upper  layer,  and  if  not  otherwise 
saleable  is  sometimes  employed  in  the  distilleries  of  malt  spirits.  The  middle  layer 
serves  for  further  fermenting  operations.  In  breweries  where  pure  water  (the  reader 
should  bear  in  mind  that  Bavaria  is  alluded  to)  is  not  to  be  had,  this  yeast  is 
occasionally  obtained  fresh  from  other  breweries.  It  is  usual  to  fill  casks  or  vats 
with  winter  beer  at  once  quite  fuU ;  but  as  regards  summer  beer  several  brewings 
are  mixed  in  smaller  vats  in  order  to  obtain  an  uniformly  coloured  mixture.  The 
barrels  are  usually  coated  with  pitch  on  the  inside,  the  aim  being  to  prevent  the  beer 
soaking  into  the  wood,  and  thus  givinc^  rise  when  the  cask  is  emptied  to  the  formation 
of  acetic  acid.  For  the  after-fermentation  the  beer  is  placed  in  stone  cellars,  which 
should  be  as  cold  as  possible,  so  as  to  cause  the  after-fermentation  to  proceed  as 
slowly  as  possible,  and  thus  admit  of  the  beer  being  kept  until  the  brewing  season 
opens. 

In  all  parts  of  Germany,  but  mostly  so  in  Bavaria,  great  attention  is  paid  to  the  con- 
struction of  the  cellars:  often  these  cellars  are  excavated  in  rocks,  and  sometimes 
ice-pits  are  placed  in  the  cellars  to  keep  them  very  cool.  The  after-fermentation  of 
the  beer  sets  in  when  it  is  vatted,  the  moment  of  the  beginning  of  this  process  partly 
depending  upon  the  condition  of  the  beer  when  vatted  and  partly  upon  the  tempera- 
tare  of  cellar.  The  aftcr-fermentatiou,  wliich  becomes  apparent  by  the  appear- 
ance of  a  bright  white-coloured  foam  at  the  bimg-hole,  may  set  in  immediately 
after  the  vatting  of  the  beer,  or  may  only  become  apparent  some  eight  days  after. 
Should  the  beer  happen  not  to  e^bit  any  sign  of  incipient  after-fcrmentntion. 
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green,  young,  or  new  beer  is  added  for  the  purpose  of  inducing  this  process.*  When 
the  after-fermentation  is  finished,  the  bungs  of  the  casks  or  tuns  are  not  tightly  fastened, 
and  the  beer  is  left  in  this  condition  (in  the  cellars  of  course)  during  the  summer 
months.  About  a  fortnight  before  the  beer  in  the  casks  is  intended  to  be  tapped,  the 
bungs  are  tightly  closed  in  order  to  cause  as  much  carbonic  acid  to  accumulate  in 
the  fluid  as  will  occasion  the  beer  to  foam  on  being  tapped ;  but  if  beer  happens 
to  be  vatted  in  very  green  condition,  the  bung-hole  should  not  remain  closed  for  so 
long  a  period,  because  then  so  violent  a  fermentation  may  set  in  that,  on  tapping  the 
cask,  its  contents  become  too  much  agitated,  and  thereby  a  very  turbid  (fuU  of 
yeast)  beer  is  served  to  the  customers.  Sometimes  tlie  addition  of  liqueur  (a 
solution  of  wliite  sugar)  is  resorted  to  for  the  purpose  of  setting  up  a  strong  fermen- 
tation in  very  old  beer.  According  to  J.  G8chwandler(i868)  beer  obtained  by  the* 
processes  alluded  to  has  the  following  composition : — 

Sedimentary 
Decoction.        Bock.  Method.        Infusion. 

Alcohol       2*810  3*380  2*940  3'^SO 

Sugar 1*580  2*320  1*460  1*330 

Dextrine     4*610  6*910  4'77o  4800 

Nitrogenous  substances   0*380  0740  —  — 

Other  constituents     0*380  0*400  0*890  0*550 

Sp.  gr.  of  solution  of  extract   ...  1*022  1*042  1028  1*026 

Extract  (direct  estimation)      ...  6*570  9980  6*230  6*130 

„       (according  to  Balling)  .  6*950  10*380  7*120  6680 

Bnrftee  Fermmuuon.  Surfacc  fermentation  is  that  induced  in  the  worts  intended  for  the 
brewing  of  the  bottled  beers  of  North  Germany,  Bohemia,  Alsace,  England,  and 
Belgium.  Beer  obtained  by  this  process  of  fermentation  is  not  so  lasting  as  that 
prepared  by  the  sedimentary  fermentation  process.  Tliis  di£ference  is  due  to  the  fact 
that  the  surface  fermentation  goes  on  at  a  higher  temperature,  proceeds  more 
rapidly,  while  the  elimination  of  the  nitrogenous  compounds  is  also  less  com- 
plete. The  reason  why  this  process  is  preferred  to  the  sedimentary  fermentation 
process  is  that  brewing  by  the  application  of  the  last  process  is  so  greatly 
dependent  upon  a  low  temperature  that  this  mode  of  brewing  cannot  be  con- 
tinued throughout  the  whole  year,  while  as  regards  the  otlier  process  it  may  be 
continuously  carried  on,  and  tlie  stock  of  beer  kept  ready  for  use  can  thus  be  consi- 
derably decreased.  Surface  fermentation,  however,  is  the  only  plan  for  preparing 
briskly  foaming  and  strong  beers.  Porter,  stout,  and  ale  could  be  brewed  as  well  by 
the  sedimentary  method — although  in  the  English  climate  this  process  would  be 
more  difficult  to  conduct  successfully — but  the  main  reason  why  the  surface  fermen- 
tation is  employed  for  English  malt  liquors  is  tliat  this  method — by  a  great  saving 
of  time — is  cheaper.  The  phenomena  of  the  surface  fennentation  are  similar  to 
those  of  the  sedimentary,  with  the  exception  that  the  progress  is  by  far  more  violent, 
the  froth  surging  more  to  the  surface  of  the  wort.  The  yeast  is  employed  in  the  same 
manner.  An  ingenious  contrivance  is  adopted  in  the  London  breweries  for  the 
purpose  of  carrying  off  the  yeast  from  the  beer  after  it  has  undergone  the  process  of 
fermentation.  The  wort  is  placed  in  large  hogsheads,  or  rounds,  the  tops  of  which 
are  fitted  with  wooden  troughs.  Into  these  trouglis  the  yeast  runs  as  it  rises,  and  is 
carried  away.    The  beer  now  becomes  clear,  and  is  pumped  into  the  stone  vats. 
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steam  Browinff.  The  oxtensiv©  application  of  steam  to  the  mannfactnre  of  beet-root  sugar 
and  alcoholic  spirits  has  given  rise  tu  many  suggestions  for  the  subHtitution  of  heating  by 
steam  for  direct  firing  in  brewing.  The  heating  is  effected  by  a  system  of  tubes  similar 
to  that  described  in  the  preparation  of  beet-root  sugar  (see  p.  377).  In  brewing,  how- 
ever, though  much  would  be  gained  by  uniformly  heating  the  worts,  and  by  reducing  the 
chances  of  burning,  there  would  not  ensue  any  great  economising  of  fuel;  but  much 
labour  might  be  saved.  Steam  could  not  be  employed  directly  without  a  series  of  tubes, 
as  the  condensation  would  cause  a  great  dilution  of  the  mash. 

conititnenu  of  Beer.  The  con8titaent&  of  a  normal  beer  prepared  from  malt  and  hops 
(not  from  substitutes)  are : — Alcohol,  carbonic  acid,  undecomposed  dextrose,  dextrine, 
constituents  of  the  hops  (oil  and  bitter  substance,  no  tannic  acid),  protein  substances, 
a  small  quantity  of  fat,  some  glycerine,  and  the  inorganic  matter  of  the  barley  and 
hops.  Tlie  acid  reaction  which  a  normal  beer  exhibits  after  the  carbonic  acid  has 
been  expelled  from  it  by  boiling,  is  due  to  succinic  and  lactic  acids,  with  traces  of 
acetic  acid,  and  perhaps  propionic  acid.  The  sum  of  all  the  constituents  of  a  beer 
after  the  abstraction  of  the  water  is  termed  the  total  contents ;  the  sum  of  the  non- 
volatile constituents,  the  extractive  contents.  Beer  rich  in  malt  extract  is  termed 
rich,  fat,  or  full-bodied  beer;  and  that  which  is  poor  in  extract,  but  contains  much 
alcohol,  the  wort  having  been  rich  in  sugar  which  has  all  been  converted,  is  termed 
a  dry  beer. 

The  proportion  of  alcohol  in  beer  can  be  estimated  by  distillation  and  the  testing 
of  the  distillate  with  an  alcoholometer,  or  by  means  of  an  ebulliosoope,  or  with  the 
help  of  a  vaporimeter  (see  Wine- testing,  p.  394).  Tlie  following  table  shows  the 
average  weight  per  cent  of  the  alcoholic  contents  of  several  beers : — 

Per  cent. 


Wirtzburg  lager  beer  (1870) 

„         schenk  beer 
Stuttgardt  lager  beer  (1865) 
Culmbach  lager  beer  (1865) 

Coburg  lager  beer       

Munich  lager  beer      

„      schenk  beer 

Bock  (Munich,  1870) 

Porter  (Barclay,  Perkins,  and  Co 

Strasburg  beer  ( 1 870) 

Vienna  beer  (1870)      

Rice  beer  of  tlie  '*  Rlienish  Brew 


,  Loudon,  1862) 


ery  "  in  Mentz 


40—4*3 
33— 4'2 

41 

45 

4*4 

4*3— 51 
3-8— 40 

43—48 
5*5—70 

4*21 

4*1 
3*6 


The  quantity  of  carbonic  acid  in  beer  varies  between  o*i  to  0*2  per  cent. 
According  to  C.  Prandtl  (1868)  dextrose  is  found  in  beer  in  quantities  varying  from 
02  to  1*9  per  cent.  The  quantity  of  dextrine,  according  to  Gschwandler's  analyses, 
varies  from  46  to  4*8  per  cent.  The  proportion  of  sugar  to  dextrine  is  never 
constant.  The  occurrence  of  protein  substances  in  beer  has  not  been  sufficiently 
investigated  to  warrant  an  exact  conclusion.  It  may  be  said  that  on  an  average 
malt  extract  contains  7  per  cent  protein  substances,  from  which  Mulder  deduces  that 
1  litre  of  beer  should  contain  56  per  cent  albuminous  substances.  A.  Vogel  (1859) 
found  that  i  Bavarian  maas  (=  1069  litres)  of  beer  on  an  average  contained 
I  to  1*2  grms.  nitrogen  ;  and  Feichtinger  (1864)  obtained  from  i  Bavarian  maas  of 
several  Munich  beers  between  0467  and  1248  grms.  nitrogen.  Succinic  acid, 
acetic  acid,  and  lactic  acid  occur  in  Belgian  and  Saxony  beers  in  large  quantities. 
Tannic  acid  occurs  in  Bavarian  beers   only  in  small  quantity.     The  inorganic 
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constituents  of  beer  have  received  great  attention.  Martins  obtained  from  xooo  parts 
of  Bavarian  lager  beer  2*8  to  3*16  parts  ash,  containing  one-third  potash,  one-third 
phosphoric  acid,  and  one-third  magnesia,  lime,  and  silica.  J.  Gschwandler  and 
C.  Prandtl  (1868)  foimd  an  average  extractive  contents  in  100  parts  of — 

Parts. 

Schenk  beer  (Munich) 

Lager  beer  (Munich)    

Schenk  beer  (Wirtzburg) 

Lager  beer  (Wirtzburg)        

Bock  (Munich)      

Salvator  (Munich)        

Rhenish  rice  beer 

Porter  (Barclay,  Perkins,  and  Co.,  London)     ... 
Scotch  (Edinburgh)      

•Mj UX LCJ U  ulc  •••        •••        •••         •••        •••         •••        •••        ••• 


61 

4-6 

4*4 
8-6— 9-8 

9*0— 9-4 

7*3 
5-6--^*9 

lo'o— 11*0 

14*0 — 1929 


100  parts  of  extractive  matter  contain,  according  to  A.  Vogel  (1865)  3*2  to  3*5  parts 
of  ash ;  100  parts  of  ash  contain  28  to  30  parts  phosphoric  acid,  i  litre  of  beer 
contains  057  to  093  grm.  of  phosphoric  acid. 

Lermer  (1866)  subjected  several  Munich  beers  to  analysis  with  the  following 

results : — 

I.  2.  3.  4.  5.  6.  7. 

Sp.  gr 102467  i'oi4i  101288  i'02oo  1*02678  1*03327  1*0170 

per  ot.  per  et.  per  ct.  per  ot.  per  ct.  per  ct.  per  ct. 

Extractive  matter 773  493  437  4*55  8*50        9*63  592 

Alcohol    508  388  3*51  441  5*23        4*49  300 

Inorganic  constituents  ...0*28  023  0*15  o*i8  —           —           — 

Nitrogen : — 

Li  100  parts  extract ...  1115  871  12*19  885  —          699         — 

„    100     „     beer      ...    087  0*43  0*53  0*39  —  0*67  — 

I.  Bock  beer.  a.  Summer  beer.  3.  White  beer.  4.  White  Bock  beer  (superficially 
fermented,  obtained  by  surface  fermentation  from  malted  wheat).  5.  Another  sample  of 
Bock  beer.    6.  Salvator  beer.    7.  Winter  beer. 

The  analysis  of  the  ash  of  five  of  these  beers  gave : — 

I.  2.  3.  4*  5- 

Potash   29*31  3325  24*88  3468  29*32 

Soda      1*97  0*45  20*23  419  on 

Chloride  of  sodium      ...  4*61  6*00  6*56  506  600 

Lime      2*34  298  2*58  3*14  621 

Magnesia      11-87  ^-43  0*34  777  775 

Oxide  of  iron        i*oi  o'li  047  0*52  0*84 

Phosphoric  acid   34*18  3205  2657  2985  2928 

Sulphuric  acid     1*29  271  6*05  5*16  4'84 

Silicic  acid I2'43  ^4*'*  770  ^'^  8'oi 

Sand      0*83  0*67  2-30  5*20  6*27 

Carbon 0*49  0*81  0*40  0*65  028 

100*33      101*47        9S03        9908        98*91 

2E  2 
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The  high  importance  of  beer,  both  as  regards  its  value  as  nutriment  as  well  as  regards 
the  enormous  trade  done  in  this  article,  has  giyen  rise  to  attempts  to  find  proper  and 
suitable  means  for  testing  that  liquid  in  respect  of  its  quality  and  purity. 

B««r-TMtiiig.  The  experiments  proposed  for  ascertaining  the  strength  as  well  as 
freedom  from  adulteration  of  beer,  is  termed  beer-testing;  it  is  desirable  that 
these  operations  should  be  easily  executed  and  yield  sufficiently  reliable  results. 
The  strength  of  a  beer  is  judged  according  to  tlie  quantity  of  alcohol,  extract, 
and  carbonic  acid  it  contains ;  it  is  evident,  however,  that  an  intimate  knowledge 
of  the  real  constituents  of  the  extract,  viz.,  the  therein  contained  quantities  of 
dextrine,  hop  constituents,  the  by-products  of  alcoholic  fermentation,  such  as, 
for  instance,  succinic  acid  and  glycerine,  not  to  mention  such  substances  as,  for 
instance,  glucose  and  glycerine  purposely  added  to  the  wort,  as  substitutes  for  malt, 
largely  influence  the  quality  of  any  kind  of  beer,  and  therefore  ought  to  be  deter- 
mined when  any  rigorously  exact  analysis  of  that  liquid  is  wanted. 

Beer-testing  is  effected  partly  by  ascertaining  certain  physical  qualities  of  the  beer, 
partly  by  chemical  means.  To  tlie  former  belong  its  flavour,  odour,  colour,'  consistency, 
transparency,  specific  gravity,  refractive  power  to  light,  &c.  By  chemical  analysis 
we  ascertain  and  determine  the  immediate  constituents,  viz.,  carbonic  acid,  alcohol, 
extractives,  and  water.  The  carbonic  acid  contained  in  the  beer  is  first  eliminated 
eitlier  by  repeatedly  pouring  a  quantity  of  beer  from  one  tumbler  or  beaker-glass 
into  another,  care  being  taken  to  let  tlie  beer  fall  from  some  height,  or  the  carbonic  acid 
is  removed  by  shaking  the  liquid  up  in  a  bottle  and  pouring  it  out  of  the  same  and 
into  it  again.  The  gas  having  been  driven  off,  the  specific  gravity  of  the  beer  is 
taken  by  means  of  tlie  hydrometer  or  saccharometer ;  the  beer  is  next  boiled  down  to 
half  its  original  bulk ;  next  there  is  added  to  it  as  much  water  (best  distilled)  as  is 
required  to  restore  the  liquid  to  its  original  bulk,  and  of  tliis  liquid  the  specific 
gravity  is  again  determined ;  this  will  be  found  greater  tlian  that  previously 
obtained.  The  difference  between  the  two  determinations  gives  the  amount  of  alcohol 
contained  in  the  beer. 

^*^*  'i^TWL™*'"^***       Since  by  fermentation  loo  parts  of  malt  extract  yield  50  parts 
alcohol,  twice  tlie  quantity  of  alcohol  found  will  indicate  tlie  quantity  of  malt  extract 
necessary  for  its  formation.     Tliis  quantity  of  malt  extract  added  to  that  still . 
existing  in  the  beer  indicates  the  whole  of  the  malt  extract  existing  in  the  wort 
before  fermentation. 

The  specific  gravity  of  the  beer-wort  becomes  lower  by  fermentation,  partly  because 
the  specifically  lighter  alcohol  is  formed,  partly  by  tlie  loss  of  some  of  tho 
extractive  matter,  and  partly  also  by  the  loss  of  tlie  substances  taken  up  in  the  yeast. 
This  decrease  of  the  specific  gra\ity,  or  attenuation,  as  it  is  termed,  can  be  estimated 
either  directly  by  weighing,  or  by  means  of  the  saccharometer.  The  degree  marked 
by  the  saccharometer  in  a  beer  freed  from  carbonic  acid  we  will  call  m ;  the  malt- 
extract  of  the  wort,  p.  Subtracting  m  from  j»,  the  difference  (p-m)  gives  the 
apparent  attenuation,  which  is  the  greater  the  more  thorough  the  fermentation. 
The  quantity  of  alcohol  in  a  beer  varies  in  direct  proportion  with  the  apparent 
attenuation.  The  empirical  alcohol  factor,  a,  by  which  the  apparent  attenuation 
must  be  multiplied  to  oltain  tlie  alcoholic  contents  of  the  beer  =  A  in  weight  per 

•  Very  recently,  C  Lcyser  has  invented  a  colorimeter  with  which,  by  means  of  a 
normal  solution  of  iodine  (127  grms.  iodine  to  a  litre)  after  having  brought  the  beers  to 
an  equal  colouration  with  water,  he  estimates  the  relative  degree  of  the  original  colour. 
The  invention  is  fully  described  in  the  "  Ji^esberichte  der  Chem.  Technologie  *'  for  1869, 
p.  467. 
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cent  [(/)-m)ft=A]  becomes  the  greater,  the  higher  tlie  original  degree  of  concen- 
tration of  the  wort.  For  worts  between  6  to  30  per  cent  of  extractive  matter,  this 
factor  varies  from  04079  to  0*4588.  The  alcohol  factor  can  be  found  by  the  follow- 
ing equation,  when  the  apparent  attenuation  {p  —  m)  and  the  alcoholic  contents  of 

the  prepared  wort  (A)  are  known;  then  a  =  ( ).      With  the   help  of  the 

\p  —  m/ 

alcohol  factor,  a,  the  alcoholic  contents  in  weight  per  cent  can  be  calculated.    A 

quantity  of  beer  being  boiled  to  volatilise  the  alcohol,  and  Uie  residue  having  been 

diluted  with  water  to  the  original  bulk  or  weight,  if  a  weighed  quantity  were 

operated  with,  the  specific  gravity  gives  the  quantity  of  extractive  matter  contained 

in  the  beer,  which  Balling  terms  n.    The  difference  between  tlie  extractive  matter 

contained  in  the  wort  (/>)  and  that  of  the  beer  (»),  or  {p^n),  gives  the  avtual 

attenuation^  wliich,  multiplied  by  the  alcohol  factor  for  tlie  actual  attenwit'wn  (i), 

likewise  gives  the  quantity  of  alcohol  contained  in  the  beer  expressed  in  percentage 

by  weiglit.    The  alcohol  factor  for  the  actual  attenuation  is  A  =  ( ).   Sub- 

xjt — n/ 

tracting  from  the  apparent  attenuation  (p—m)  the  actual  (jw  — w),  the  difference  (d) 

ill  die  attenuations  is  obtained : — 

rf=(^>— w)  — (p— w) ;  or  d=m—fi. 

d  is  known,  when  tlie  extractive  matter  contained  in  tlie  beer  (n)  and  the  sac<;haro- 

metrical  percentage  (m)  of  the  beer  free  from  carbonic  acid  are  known ;  d  is  the  greater 

tlie  more  alcohol  the  beer  contains.     The  alcohol  factor  multiplied  by  the  difference 

in  attenuation  gives  tbo  percentage  (A)  of  alcohol,  from  which  the  alcohol  factor  for 

the  difference  in  attentuition  can  be  obtained  by  the  following  equation : — 

A 


c= 


{p  —  m) 
It  averages  2' 24.     Finally,  with  the  help  of  c  the  difference  in  attenuation  of  the 
alcoholic  contents  of  a  beer  can  be  calculated  approximatively,  even  when  the  quantity 
of  extractive  matter  of  malt  contained  in  the  wort  is  not  known.    The  apparent 
divided  by  the  actual  attenuation  gives  a  quotient  (d),  which  is  the  ratio  of  the 

attenuations,  d  =  ^-H-^'  and  can  be  calculated  with  the  help  of  tlie  alcohol  factor 

p  —  n 

for  the  apparent  attenuation  (a),  and  of  the  original  extractive  contents  of  tlie  wort 
(p).  First — (a)  is  obtained  by  the  division  of  the  alcohol  factor  for  the  actual 
attenuation  by  the  corresponding  attenuation  quotient  or  ratio.  Assuming  tlie 
alcohol  factor  for  die  difference  in  attenuation  to  be  =  2" 24,  and  next  doubling  tlie 
approximative  alcoholic  contents  thus  obtained,  we  arrive  at  the  quantity  of  the 
extractive  matter  of  the  wort  from  which  the  alcohol  was  formed.  Adding  to  this 
the  extract  yet  met  with  in  the  beer,  the  sum  thus  found  expresses  the  approximate 
percentage  of  the  extractive  contents  of  the  wort.  When  [p)  has  thus  been  approxi- 
mately obtained,  Balling's  tables  give  the  corresponding  attenuation  quotient  7, 
reckoning  all  decimals  above  0*5  as  units,  and  neglecting  those  under  0*5.  If  only 
the  original  concentration  of  the  wort  {p)  is  to  be  calculated,  tlie  percentage  of  the 
alcohol  of  the  beer  may  be  obtained  from  the  equation  to  the  actual  attenuation 
A  =  (/>  — w)  b.  If  the  degree  after  fermentation  is  975  or  (i6'29— 6*54),  ^® 
saccharometrical  percentage  (see  p.  363) 

975 

= =0542. 

16*29 
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FMiu'.BwTtii.  Hallimetrical  Seer  Tett. — Fncha'e  tost,  bued  upon  the  presumption 
that  the  beer  lias  b*eii  brewed  from  malt  and  hope  only,  starts  from  the  fact 
that  too  parts  of  water,  mdependentlj  of  temporatnre,  dissolve  36  psrta  of  pure 
D.  salt  (=  2'778 :  i).  and  that  a  Snid  dissolves  the  less  salt  the  greater  the 
quantity  of  alcohol  and  extnLCtive  matter  it  contains.  It 
Fto.  133.  is  therefore  possible  to   estimate    by  this  moans  the 

qoantity  of  wat«r  in  a  beer  bj  determining  the  qnanti^ 
of  common  salt  which  remains  undissolved  1  this  ia  dona 
by  means  of  the  hallimeter.  Fig.  232,  an  inatnunent  con- 
sistingof  two  glass  tabes,  ona  veij  wide  and  cup-shaped, 
the  other  narrower  and  attached  to  the  bottom  of  the 
former.  The  smaller  tnbe  is  so  gradiuted  that  the 
larger  divisions  correspond  to  a  quantity  of  5  grains  of 
common  salt,  while  the  smaller  diviaioDS  correspond  to 
I  grain  of  salt.  In  all  hallimetrical  experiments  it  ia 
verf  essential  that  the  pulverised  common  salt  be 
always  as  much  as  possible  of  the  same  degree  of 
fineness,  while  core  has  also  to  be  taken  that  this  sub- 
stance be  reduced  to  its  smallest  bulk  when  put  into 
the  tube  by  gentle  taps,  so  as  to  expel  air,  and 
thus  cause  the  salt  to  occupy  exactly  the  space  intended 
for  it.  It  is  therefore  required  to  pass  the  pulverised 
salt  through'  a  wire-gauze  sieTe,  after  which  the  pre- 
pared salt  is  kept  for  use  in  a  glass-stoppered  bottle. 
The  testing  requires  two  experiments.  By  the  first  is  estimated  the  amount 
of  water  together  with  the  entire  quantity  of  carbonic  acid,  alcohol,  and  extractive 
matter  contained  in  the  sample;  while  the  second  experiment  gives  the  quantity 
of  extractive  matter,  which  when  the  carbonic  acid  ia  deducted  team  the  total 
contents,  yields  the  amount  of  alcohol  contained  in  the  beer.  The  alcohol  is 
not  anhydrous,  but  ia  mixed  with  a  certain  quantity  of  water.  1000  grains  (635  gnns.) 
of  the  beer  to  be  tested  are  poured  into  a  flask  with  330  grains  (20' 46  grms.)  of  the 
common  salt.  The  fiosk,  lightly  doaed  with  a  stopper  or  cork,  ia  frequently 
agitated,  and  having  been  placed  on  a  water-hath  is  heated  to  38°.  After  six  to  ten 
minutes  the  flask  is  removed  from  the  water-bath,  the  carbonic  acid  being 
expelled  by  gently  blowing  into  the  flask,  which  is  next  weighed ;  the  loss  of  weight 
indicates  the  quantity  of  carbonic  acid,  which  in  good  beer  averages  I'J  grains. 
The  mouth  of  the  ilaak  having  been  closed  with  the  thumb  ia  turned  upside 
down  in  order  thereby  to  collect  en;  non-dissolved  salt  in  the  neck  of  the  flask, 
and  the  salt  along  with  the  fluid  transferred  to  the  hallimeter,  the  non-dis- 
solved salt  settling  down  in  the  graduated  tube,  this  movement  being  promoted 
by  genUy  shaking  the  instrument.  As  soon  as  the  volume  of  the  undissolved  salt 
ceases  to  increase,  the  number  of  grains  is  read  ofT  and  deducted  from  330,  the 
difference  being  the  number  of  grains  dissolved  from  which  the  quantity  of  water 
present  is  calculated. 

Example;  1000  grains  (^62'5  grms.)  of  beer  dissolve  330  —  18  =  312810!: 
saltj  therefore  these  lODo  grains  of  beer  contain  S66-6  grains  of  wateri  for 


—  866-6  E  133-4 grunsindioate the  totalqnaotit; of  eorbooic  scid, extiactiTemattei, 
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and  alcohol  present  in  the  beer.  If  the  contents  of  the  flask  by  heating  liave  lost 
1*5  grains  in  weight,  the  extractive  matter  and  alcohol  together  amount  to  131*9  grains. 
The  second  experiment  is  now  made  to  estimate  the  amount  of  extractiye  matter.  For 
this  purpose  1000  grains  (62*5  grms.)  of  beer  are  weighed  off  and  poured  into  a  flask,  and 
boiled  down  to  half  the  quantity,  that  is,  500  grains.  Both  the  carbonic  acid  and  the 
alcohol  are  driven  off.  180  grains  of  common  salt  are  now  added,  and  the  experiment 
proceeded  with  as  before.  Supposing  180  —  ao  =  160  grains  of  common  sadt  to  be  ^solyed, 
there  will  have  remained  444*4  grains  of  water ;  for 

18  :  50  =  160  :  X 
.  • .   X  =  444*4, 

which  shows  the  quantity  of  the  extractive  matter  to  be  55*6  grains.  If  the  preliminary 
estimation  of  the  carbonic  acid  has  been  correct,  the  quantity  of  alcohol  contained  in  the 
beer  will  be  76*3  grains,  for  133*4  —  55*6  —  1*5  =  76*3.  This  corresponds,  according  to  a 
table  published  with  each  instrument,  to  42*27  grains  of  absolute  alcohol.  The  beer 
would,  therefore,  contain  in  1000  parts : — 

Carbonic  acid 1*50 

Free  water       866*60 

Combined  water      34*03 

Extractives      55 '60 

Alcohol     42*27 


1000*00 


The  hallimetrical  assay  of  beer  is  entirely  worthless  when  beer  is  made  with  the  addition 
of  glucose  or  glycerine. 

By-product*  of  the  Among  the  by-products  of  brewing  the  residue  of  the  mash  tuns  is 
BrewinR  prueuKr.  perhaps  the  most  important.  100  parts  of  kiln-dried  malt  leave  on 
an  average  133  parts  of  residue,  which  being  dxied  at  the  temperature  to  which  the  malt 
was  subjected  give  33  parts.  It  is  used  as  fodder  for  cattle  under  the  name  of  brewers' 
grains.  This  material  yet  contains,  in  addition  to  the  husks  and  cellulose  of  the  grain, 
undccompoBcd  fatty  matter  and  protein  substances,  upon  which  its  value  depends. 
Exhausted  mashed  grain  from  a  Mimich  brewery  used  to  prepare  summer  beer  (by  the 
thick  mash  method)  had  the  following  composition : — 

Wet  Grains.        Air-dried.        Dried  at  loo"*. 

Water        74*7' 

Ash 1*06 

Cellulose 3*06 

Fat      1*70 

Nitrogenous  nutritive  matter       . .  6*26 

Non-nitrogenous  nutritive  matter  13*21 

lOO'OO 

The  rootlets  and  plumules  of  the  germinated  malt  present  in  the  proportion  of  about 
3  per  cent  of  the  weight  of  the  dried  malt,  form  a  very  concentrated  and  rich  fodder. 
According  to  the  analyses  of  Schevon,  Way,  and  Lermer  (Hungarian  barley),  the 
following  is  the  composition  of  that  substance  : — 

Scheven.  Way.  Lermer. 

Water       7*2  3*7  10*72 

Ash 6*8  5*1  6*91 

Cellulose 17*0  18*5  — 

Protein  substances        45*3  48*9  S^'^o 

Non-nitrogenous  nutritive  matter        23*6  23*8  49*77 

The  sediment  of  the  cooling  tuns  (see  p.  414),  part  of  which  is  used  as  fodder  and  part 
in  the  preparation  of  brandy,  amounts  to  about  3  per  cent  of  the  wort.  The  after- 
washes  are  also  used  in  malt  spirit  making,  as  well  as  in  the  preparation  of  vinegar.  The 
thick  mash  processes  yield  an  after  wash  containing  from  4  to  8  per  cent  extract, 
while  by  the  infusion  methods  this  amounts  only  to  2  to  3  per  cent.  Much  of  the  yeast 
formed  during  brewing  is  employed  in  bread  making,  as  well  as  in  the  manufacture  of 
vinegar  and  brandy. 


728 

387 

11*22 

4*18 
12*10 

623 
22*89 
48*51 

6*72 
24*71 
52*29 

100*00 

100*00 
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The  Prepaiutiom  or  Distillation  of  Spirits. 

AioohoL       Since  alcohol  happens  to  he  in  almost  all  countries  an  article  which  in  a 
nearly  pure  state  (that  is  to  say  more  or  less  diluted  with  water)  is  a  fluid  used  as  an 
article  of  consumption,   and  therefore  very  properly  suhmitted  to  a  more  or  less 
heavy  duty  or  impost,  the  mode  of  manufacturing  alcohol  on  the  large  scale,  and 
tlie  raw  materials  from  which  it  is  obtained,  vary  in  different  countries,  and  conse- 
quently these  conditions  very  greatly  influence  the  industry  of  alcohol  production. 
When  a  fluid  containing  alcohol  is  distUled,  alcohol  and  water  are  collected  in  the 
receiver,  while  the  non- volatile  constituents  remain  in  the  retort  in  a  concentrated 
condition.     The  act  of  distillation  of  an  alcoholic  fluid  is  termed  the  hrennen^*  while 
the  product  of  the  operation  is  designated  as  brandy,  a  fluid  which  contains  on  an 
average  from  40  to  50  per  cent  of  alcohol.    A  distillate  which  contains  more  alcohol 
than  the  quantity  just  alluded   to  is   designated  as  spirits  of  wine,  or  simply 
spirit.      Originally,    that   is   to    say    when   spirits   (now   some   two  and  a  half 
centuries  ago),  were  first  commenced  to  be  made  industrially  on  the  large  scale, 
it  was  only  made  for  the  purpose  of  being  drunk,  and  the  liquor  prepared  in 
the  comparatively  dilute   state   in  wldch  it  is  offered  for  sale  for  consumption. 
More  recently  (within  tlie  last  forty  to  fifty  years),  the  use  of  alcohol  in  various 
branches  of  industry  (varnish-making,  ether  preparation,  perfumery,  preparation  of 
cordials,  liqueurs,  &c.)  is  so  great,  that  as  a  rule  distillers  at  once  prepare  strong 
alcohol,  which,  if  required  for  consumption  as  a  beverage,  is  suitably  diluted  and 
sweetened  if  desired.     Since  the  distillation  of  alcohol  has  been  carried  on  on  the 
large  scale  the    apparatus  have  been  very  greatly  improved;   and  those  now  in 
use  in  the  best  arranged  distilleries  are  constructed  upon  scientific  principles,  while 
care  is  also  taken  that  the  surveillance  on  the  part  of  the  excise  officers  is  rendered 
an  easy  task,   and  fraud  almost  impossible.    The  whole  art  of  the  production  of 
alcohol — ^its  ready  preparation  from  grain  (partly  malted),  from  beet-roots,  potatoes, . 
refuse  of  saccharine  liquors  from  sugar  works,  the  proper  utilisation  of  the  residues  of 
the  distillation,  eitlier  as  food  for  cattle  or  otherwise — is  now  brought  to  a  degree 
of  perfection  almost  unequalled  in  any  other  branch  of  industry. 

^  tojLSit  p^t^iue*?"'       The  formula  of  alcohol  (as  a  chemically  pure  substance)  is 

C  H  ) 
C^HeO,  or     ^  x|  [  0.    It  is  a  colourless,  thin,  very  mobile  fluid  of  0792  sp.  gr., 

boiling  at  783°,  while  water  boils  under  tlie  same  atmospheric  pressure  at  100** ;  thus 
there  is  afforded  a  means  of  ascertaining  by  the  boiling-point  of  an  alcoholic  fluid,  the 
quantity  of  alcohol  contained.  Between  0°  and  78*3°  (its  boiling-point),  alcohol 
expands  o  0936  of  its  volume,  while  the  coefficient  of  expansion  of  water  between 
the  same  degrees  is  0*0278.  The  expansion  of  alcohol  is  thus  3^  times  greater  than 
that  of  water ;  and  this  fact  is  made  available  in  alcoholometry.  The  tension  of  the 
vapour  of  alcohol  at  783°  is  equal  to  an  atmosphere,  while  water  must  be  raised  to  a 
temperature  of  loo"*  to  obtain  the  same  pressure.  Thus,  the  variation  in  height  of  a 
column  of  mercury  subjected  to  the  pressure  of  these  vapours  may  be  made  a  mea- 
sure of  the  quantity  of  alcohol  contained  in  a  fluid.  On  this  principle  the  vapori- 
meter  (see  p.  395)  is  constructed.  Alcohol  is  readily  inflammable,  and  bums  with  a 
pale  blue  flame  without  giving  off  soot.     Its  heat  of  combustion  corresponds  to  7183 

*  There  is  no  equivalent  term  for  this  word  in  English  neither  also  in  the  French  Ian- 
m^ge;  the  real  meaning  is  "the  firing,"  in  Dutch  (branden) ;  the  term  Brermerei 
(Oerman),  and  hrandery  (Dutch),  meaning  **  a  distillery.'* 
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units  of  heat.  It  eagerly  absorbs  water,  and  upon  this  property  is  based  its  nse  for 
the  preservation  of  articles  of  food,  cherries,  and  other  fruit,  and  also  anatomical 
preparations.  It  mixes  with  water  in  all  proportions,  whereby  a  decrease  of  bulk 
of  the  mixture  and  increase  of  specific  gravity  is  observed — 

53  "9  volumes  of  alcohol,  with 

49'8  „  water,  form  a  mixture  not  of 

1037,  but  of  100  volumes. 

Alcohol  is  a  solvent  for  resins  (upon  which  property  is  based  its  application  to  the 
manufacture  of  varnishes,  cements,  and  pharmaceutical  preparations),  and  also  a 
solvent  of  many  essential  oils.  These  solutions  are  employed  either  as  perfumes,  such 
as  can  de  Cologne,  or  as  liqueurs,  cordials,  and  aqua  vit»,  or  as  spirits  for  burning 
in  lamps,  as,  for  instance,  the  mixture  of  oil  of  turpentine  and  alcohol,  so-called  fluid 
gas;  alcohol  also  dissolves  carbonic  acid  gas,  a  property  made  available  in  the 
making  of  effervescing  wines. 

By  the  influence  of  certain  oxidising  agents  alcohol  is  converted  first  into  aldehyde 
and  next  into  acetic  acid,  as  illustrated  in  the  so-called  quick  vinegar  making 
process.  Alcohol  does  not  dissolve  common  salt,  and  upon  this  property  Fuchs's  test 
(see  p.  422)  is  based. 

By  the  action  of  most  of  the  stronger  acids  aided  by  heat  alcohol  is  converted 
into  what  are  termed  ethers ;  as  regards  tlie  action  of  Sulphuric  acid  upon  alcohol,  it 
depends  upon  the  relative  quantities  and  degree  of  concentration  of  these  liquids, 
whether  sulphovinic  acid,  ether,  or  bicarburetted  hydrogen  gas,  be  formed. 
Hydrochloric  acid  forms  with  alcohol  chloride  of  ethyl  or  hydrochloric  ether. 
Butyric  and  oxalic  acids  form  ethers  directly  when  heated  along  with  alcohol ;  but 
most  of  tlie  otlier  organic  acids  require  the  addition  and  the  aid  of  sulphuric  or 
hydrochloric  acid  for  this  purpose.  Alcohol  is  the  intoxicating  principle  of  all 
spirituous  liquors. 

^^  SlSSS^e.®^'  Alcohol  is  always  the  product  of  vinous  fermentation.  The 
manufacture  of  spirits  therefore  includes  three  principal  operations : — 

1.  The  preparation  of  a  saccharine  fluid. 

2.  The  fermentation  of  this  fluid. 

3.  Separation  of  the  alcohol  by  distillation. 

All  saccharine  fluids,  therefore,  or  those  substances  which  yield  alcohol  by  fermen- 
tation, can  be  employed  in  the  manufacture  of  spirit;  and  all  materials  so  employed 
contain  already  either  completely  formed  alcohol,  or  cane  sugar  and  dextrose,  or 
finally  substances  which  by  the  influence  of  diastase  or  dilute  acids  are  converted 
into  dextrose.  Such  substances  are  starch,  inuline,  lichenine,  pectin  compounds,  and 
cellulose.  The  raw  materials  of  spirit  manufacture  may  be  generally  classed  in  the 
three  following  groups : — 

i8t  Group. — Fluids  in  which  the  alcohol  is  already  present,  requiring  only  distil- 
lation to  eflect  its  separation.     Such  fluids  are  wine,  beer,  and  cider. 

2nd  6^r(Mfp.— Substances  either  solid  or  liquid  which  contain  sugar,  which  may  be 
either  cane  sugar,  or  dextrose  and  levulose,  or  sugar  of  milk.  In  this  group  are 
included  the  beet-root,  carrot,  sugar-cane,  maize  stalk,  the  Chinese  sugar-cane 
(sorghum)  J  some  kinds  of  fiiiit — ^viz.,  apples,  cherries,  figs,  some  berries  (grapes, 
mountain  ash  berries,  ^.)>  ^®  melon  and  gourd,  some  fruits  of  the  cactus  tribe,  the 
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molasses  of  cane  and  of  beet-root  sagar  manufacture,  the  marc  of  grapes  and  refuse 
grain  of  beer  making,  honey,  and  milk. 

3rd  Group. — ^All  substances  which  originally  contain  neither  alcohol  nor  sugar,  but 
the  constituents  of  which  may  be  converted  into  sugar  and  dextrose.  Such  are 
starch,  inuline,  lichenine,  pectin  compounds,  and  cellulose,  chiefly  found  in — 

a.  Hoots  and  bulbs :  Potatoes,  dahlia  roots,  &c. 

h.  Cereals :  Rye,  wheat,  barley,  oats,  maize,  and  rice. 

c.  Leguminous  and  other  seeds :  Buck-wheat,  millet,  black  or  negro  millet,  pcas» 

lentUs,  beans,  vetch,  chestnut,  horse-chestnut,  oak  leaves,  &c. 

d.  Substances  containing  cellulose:   Sawdust,  paper,  straw,  hay,  leaves,  osier, 

moss. 

In  the  future  a — 

^h  Group  may  perhaps  be  added,  which  will  embrace  all  substances  as  probably 
may  enter  into  the  synthetic  preparation  of  alcohol,  and  thus  form  what  might  be 
called  a  mineral  spirit.  Berthelot  in  1855  proved  that  alcohol  can  bo  formed  from 
olefiant  gas  and  water  {<jJ5.y\-^0=Ca!B^0).  defiant  gas,  when  agitated  for  a 
length  of  time  with  concentrated  sulphuric  acid,  gives  rise  to  the  formation  of 
sulphovinic  acid;  and  from  this  liquid  after  having  been  diluted  with  water 
a  dilute  alcohol  can  be  distilled.  This  experiment  has  as  yet  only  a  scientific 
interest;  the  process  has  been  tried  on  the  large  scale  in  France,  but  failed  to  be  com- 
mercially available.  • 

a.  Preparation  of  a  Vinous  Mttsk. 

vinonsMMhfromCew»i«.      Grain  brandy  (com  brandy)  may  be  prepared  from  either 

wheat,  rye,  or  barley.     Generally  more  than  one  kind  of  grain  is  used,  because 

experience  has  proved  that  a  larger  quantity  of  alcohol  is  obtained  when  two  kinds 

of  grain — for  instance,  wheat  and-  barley,  rye  and  barley — are  mixed.    A  mixture  of 

rye  witli  wheat  or  barley  malt,  or  wheat  with  barley  malt,  is  very  generally  used,  at 

least  abroad.    To  i  part  of  malt  from  2  to  3  parts  of  non-malted  grain  are  usually 

taken.    Either,  as  is  done  in  England,  wort  is  made,  the  grain  being  first  malted, 

next  mashed,  and  the  wort  drawn  off,  or  the  mixture  of  malt  and  unmalted  grain  is 

allowed  to  ferment  together.    The  latter  method  is  more  usual  in  Germany,  and  will 

be  that  described  in  this  work.    In  Kussia  and  Sweden  brandy  is  prepared  without 

malting;  by  properly  mashing  rye  meal  a  reaction  ensues  between  its  constituents, 

the  effect  of  which  is  the  same  as  if  it  had  been  acted  upon  by  diastase  of  malt. 

The  preparation  of  a  mash  from  grain  may  be  considered  as  consisting  of  the  following 
four  operations : — 

1.  The  Brviaing. — The  materials,  malted  as  well  as  unmalted  grain,  are  first  bruised. 
As  it  is  not  essential  in  the  manufacture  of  spirits  that  a  clear  wort  should  be  prepared, 
the  grain  may  be  broken  up  very  small,  whereby  the  formation  of  sugar  is  rendered  more 
^mplete.    Qreen  malt  is  now  generally  considered  preferable  by  many  distillers. 

2.  The  Mixing  with  Water. — Making  of  Ma»h. — This  operation  is  fJmost  identical  with 
that  of  Uie  mashing  of  the  brewer ;  the  only  distinction  being  that  the  distiller  aims  at  the 
entire  conversion  of  the  starch  into  glucose,  while  the  brewer  does  not  require  this  as 
he  also  wants  some  dextrine.  The  complete  sacoharifioation,  and  next  the  complete  con- 
version of  the  glucose  into  alcohol  during  fermentation,  are  possible  only  with  a  certain 
degree  of  dilution  of  the  mash.  The  quantity  of  water  to  be  mixed  with  the  grain 
cannot  be  reduced  too  much,  because  that  would  involve  a  loss  of  spirits. 

3.  The  Cooling  of  the  Mash.  —  When  the  saccharifioation  is  complete,  the  mash  should 
be  rapidly  brought  to  the  tcmperatiu-o  suitable  for  fermentation  by  being  placed  in 
cooling  vessels,  just  as  is  done  with  the  wort  in  brewing,  by  being  placed  in  an  apparatus 
termed  a  refrigerator,  or  by  the  application  of  ice  or  cold  water.  The  temperature 
to  which  the  ma^  has  to  be  cooled  varies  according  to  the  locaUty  and  the  duration  of 
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the  fermentation,  bat  it  averages  23**  C.     When  soffioiently  cooled  the  Kqnid  is  placed 
in  the  fermenting  vats. 

4.  The  Fermentation  of  the  Mash, — The  fermentation  yat  is  generally  made  of  wood  and 
sometimes  of  stone.  The  first  possesses  the  property  of  retaining  the  heat  for  a  longer 
time,  and  for  the  same  reason  large  vessels  are  preferred.  The  capacity  seldom  exceeds 
4000  litres.  Either  beer  yeast  in  its  fluid  condition  or  dry  yeast  is  nsed  to  set  ap 
fermentation.  The  latter  is  mixed  with  warm  water  before  being  added  to  the  contents  of 
the  fermentation  tanks.  Of  the  fluid  beer-yeast,  there  is  usually  taken  to  1000  litres  of 
mash  8  to  10  litres  ;  while  for  3000  litres  of  mash  15  to  20  litres  of  yeast  are  a  sufficient 
quantity.  04  the  dry  yeast,  i  a  kilo,  is  employed  to  1000  litres  of  mash,  or  i  kilo, 
of  yeast  to  3000  litres  of  mash.  In  large  distilleries  artificial  yeast  is  sometimes 
employed,  as  beer  yeast  of  the  requisite  qmdity  cannot  always  be  procured  at  a  remune- 
rative  price.  The  mode  of  adding  the  yeast  is  the  same  as  that  employed  in  breweries. 
After  standing  3  to  5  hours  the  temperature  of  the  mash  will  have  increased  to  30**  to 
32**.  Carbonic  acid  is  then  given  off,  and  the  heavier  substances  settle  to  the  bottom 
of  the  tank.  This  continues  for  about  four  days,  when  the  clear  fluid  may  be  con- 
sidered ready  for  further  operations. 

iiMh  trom  Poutoea.      Potatoes  consist  of  about  28  per  oent  of  dry  substances,  21  per 

cent  of  which  is  starch,  with  2*3  per  cent  of  albuminoas  matter,  and  72  per  cent  of 

water.    The  active  principle  under  the  influence  of  which  the  starch  is  converted 

into  dextrose  is  diastase,  but  this  substance  is  not  found  even  in  the  germinated 

potato.    It  therefore  becomes  necessary,  in  order  to  convert  the  starch  of  the  potatoes 

into  dextrose,  to  add  malt,  or  to  treat  the  potatoes  first  with  dilute  sulphuric  acid. 

Accordingly,  the  preparation  of  a  mash  from  potatoes  may  be  performed  by  either  of 

these  two  operations.   The  former  is  that  most  generally  employed.   The  preparation 

ordinarily  includes  the   following  operations : — i.  The  washing  and  boiling  of  the 

potatoes. — Before  the  potatoes  can  be  boiled  or  steamed,  they  must  be  cleansed 

from  the  adhering  earth.   After  the  washing  the  potatoes  are  boiled  without  previous 

paring.    Finally,  they  are  steamed.    2.  T?ie  chopping  of  the  boiled  potatoes. — As  soon 

as  the  potatoes  are  boiled  they  are  placed  in  a  chopping  machine,  and  cut  into 

small  pieces,  care  being  taken  to  keep  them  hot  by  the  aid  of  steam,  so  that  the  cut 

up  mass  admits  of  being  readily  mixed  with  hot  water  into  a  uniform  mass,  which 

is  the  best  condition  for  the  potato  starch  to  be  most  readily  converted  into 

dextrose.    In  some  cases  the  boiled  potatoes  are  passed  between  two  hollow  cast-iron 

cylinders,  the  axles  of  which  are  so  arranged  and  fitted  in  a  frame- work  as  to  admit 

of  the  cylinders  being  moved  in  an  opposite  direction,  and  thus  capable  of  converting 

the  boiled  potatoes  into  a  uniform  mash.    3.  The  mashing. — After  the  addition  of  the 

grain  or  diastase-containing  material,  the  mashing  proceeds  as  in  the  case  of  malt. 

The  grain  or  malt  added  is  sometime?  rye  malt,  sometimes  barley  malt,  and  generally 

a  mixture  of  the  two.     Green  malt  has  greater  power  of  conversion  than  air-dried 

malt,  ultimately  producing  a  larger  quantity  of  alcohol.    The  proportion  of  bruised 

malt  to  be  employed  varies  in  many  instances ;  while  in  some  cases  only  2  to  3  per 

cent  of  barley  as  malt  is  added  to  100  parts  of  potatoes ;  in  others  as  much  as  10  per 

cent  is  used.    A  medium  quantity  between  these  two  extremes,  or  about  5  cent,  is 

perhaps  that  most  in  use.     100  parts  of  potatoes  containing  about  20  per  cent  of 

starch  yield  on  an  average  17  3  parts  of  dry  extractive  matter  in  the  mash  wort, 

5  parts  of  barley  malt  yielding  3  parts  of  dry  malt  extract ;  the  yield  of  spirits  has 

therefore  to  be  calculated  from  these  two  substances.     When  a  thick  mash  of 

potatoes  is  made  a  different  proportion  of  the  dry  substances  to  the  water  to  be 

added  is  obtained  from  that  which  obtains  when  malt  or  raw  (unmalted)  grain  is  made 

into  a  mash;  these  proportions  are  in  the  case  of  potatoes  as  i : 45,  1 14,  even  i : 3. 

It  is  clear  that  the  large  quantity  of  water  contained  in  potatoes  (viz.,  72  to  75  per 

cent)  has  to  be  taken  into  account. 
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The  operation  of  cooling  is  performed  as  already  described.  Wliile  the  mash  is 
placed  in  the  cooling  vessels  it  undergoes  changes  which  are  partly  fiavoiLrablo 
and  partly  unfavourable  to  the  yield  of  alcohol.  The  increase  of  sugar  is  of 
course  favourable ;  this  increase  can  only  be  accounted  for  by  the  action  of  the 
protein  compounds  contained  in  the  malt,  whereby  the  dextrine  is  converted  into 
dextrose.  All  albuminous  substances  possess  the  property  of  converting  starch  into 
dextrose ;  and  this  the  more  so  if  the  albuminous  substances  are  themselves  already 
in  a  state  of  decomposition.  Blood,  brain,  albumen  of  malted  barley*,  saliva,  meat 
in  a  state  of  incipient  decay,  are  all  capable  of  converting  starch  into  dextrose.  When 
Mulder  suggests  that  the  word  diastase  should  be  banished  from  science,  and  for 
it  substituted  that  of  starch  converter,  he  is  right  in  a  scientific  sense,  because 
diastase  does  not  exist  as  a  chemical  body  by  itself ;  but  the  word  diastase  may  be 
conveniently  used  in  technology  for  the  purpose  of  indicating  an  allmminous  body, 
which  being  itself  in  a  state  of  decomposition,  is  capable  of  converting  starch  into 
dextrose.  Another  change  of  the  mash  consists  in  the  formation  of  lactic  acid, 
always  readily  formed  from  sugar  under  the  influence  of  a  peculiar  ferment.  The 
quantity  of  this  acid  is  increased  by  slowly  cooling  to  the  suitable  temperature  for 
fermentation ;  it  is  therefore  best  to  cool  the  mash  as  rapidly  as  possible.  Kecently, 
an  aqueous  solution  of  sulphurous  acid  is  employed,  some  of  this  being  added  to  the 
mash  mixture,  the  effect  being  the  prevention  of  the  formation  of  lactic  acid,  and 
thus  increased  yield  of  alcohol. 

*'****  ^^d^^**"^*  The  Preparation  of  a  Mash  by  means  of  Sulphuric  Acid. — We 
have  already  seen  that  some  dilute  acids  are  as  capable  of  converting  starch  into 
dextrose  as  the  so-called  diastase  of  malt:  dilute  sulphuric  acid  is  usually 
applied  for  this  purpose.  Leplay  first  recommended  this  mode  of  preparing 
mash.  The  raw  potatoes  are  first  converted  into  a  pulp,  which  is  thrown  into  a 
large  vessel  containing  water.  The  starch  cells  separate,  some  settling  to  the  bottom 
of  the  vessel,  others  becoming  mixed  with  the  cellular  tissue  of  the  pulped  potatoes. 
The  brown-coloured  supernatant  fluid  (wherein  is  also  contained  the  albumen  of  the 
potatoes,  which  would,  if  left,  interfere  with  the  action  of  the  sulphuric  acid  upon 
the  starch)  is  first  syphoned  off.  This  liquid  is  given  as  drink  to  cattle,  or  is  used 
for  the  purposeof  moistening  dry  fodder.  While  this  operation  is  in  progress  there 
is  heated  to  the  boiling-point  in  another  vessel  the  required  quantity  of  dilute 
sulphuric  add,  the  heating  apparatus  consisting  generally  of  steam  pipes.  To  every 
hectolitre  of  potatoes  from  1*5  to  2  kilos,  of*  strong  sulphuric  acid  diluted  with 
3  to  4  litres  of  water  is  usually  taken.  Tho  previously  more  or  less  washed  green 
potato  starch  is  gradually  and  by  small  quantities  at  a  time  added  to  this  boiling 
fluid.  The  boiling  is  continued  until  the  whole  of  the  starch  as  well  as  all  the 
dextrine  are  converted  into  glucose,  the  course  of  the  progress  of  the  conversion 
being  ascertained  by  means  of  iodine  water,  while  the  insolubility  of  dextrine  in 
alcohol  affords  a  means  of  ascertaining  whether  the  conversion  of  this  substance  is 
complete.  A  sample  of  the  fluid  when  agitated  with  alcohol  should  exhibit  no  milky 
appearance.  After  about  five  hours*  boiling  the  formation  of  sugar  will  be  complete. 
The  fluid  is  then  first  run  into  a  vessel  with  double  bottoms,  one  of  which  is 
perforated  with  small  holes  so  as  to  admit  of  acting  as  a  strainer  to  retain  cellular 
tissue,  &c.,  after  which  the  fluid  is  run  into  another  vessel,  and  while  therein  is 
neutralised  by  the  addition  of  chalk.     The  gypsum  having  settled  down,  tho  fluid 
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is  again  transferred  to  another  vessel.      The  wash  water  of  the  sediment  having 
been  a<lded,  tlie  liquids  are  ready  to  undergo  fermentation. 

4.  The  Fermentation  0/ the  Potato  Mtuh, — The  addition  of  yeast  to  the  cooled 
mash  in  the  fermenting  vat  takes  place  in  the  same  manner  as  with  malt.  To  100 
kilos,  of  mash  are  added  i  to  2  litres  of  beer  yeast,  or  2  to  i  kilo,  of  dry  yeast.  The 
potato  mash  contains  besides  the  husks  of  malt  and  grain  some  finely  divided  cellular 
tissue ;  these  substances  during  fermentation  are  carried  to  the  surface  of  the  mash 
and  form  a  scum,  the  appearance  and  behaviour  of  which  gives  an  opportunity  of 
judging  the  progress  of  the  fermentation.  The  fermentation  is  said  to  be  regular  or 
irregular ;  the  former  begins  some  four  to  six  hours  after  the  yeast  has  been  added, 
and  proceeds  in  a  regular  manner,  the  end  depending  upon  the  quantity  of  yeast 
added  and  upon  the  temperature.  The  progress  is  quiet,  not  violent,  the  scum  which 
appears  on  tlie  surface  sinking  or  being  drawn  down  at  one  side  of  the  vat  and  thrown 
up  at  the  opposite  side,  while  bubbles  of  air  or  gas  appear  and  burst  on  the  surface, 
much  as  bakers'  dough  heaves  under  the  influence  of  the  ferment.  Irregular  fermen- 
tation is  so  far  opposed  to  the  former  that  the  surface  of  the  mash  is  only  partly 
covered  with  froth,  wldch  remains  in  one  position,  and  does  not  move  of  itself.  The 
result  of  such  a  fermentation  is  generally  defective,  the  reason  being  the  incomplete 
sacchariflcation  of  the  mash,  the  addition  of  too  small  a  quantity  of  yeast,  or  finally 
working  at  too  low  a  temperature.  After  about  60  to  70  hours  with  a  regular  fer- 
mentation, the  mash  is  ready  for  distillation.  Recently  large  quantities  of  spirits 
have  been  prepared  from  maize  and  also  from  rice. 

Maih  from  Roots.  By  the  usc  of  thoso  Vegetables  which  contain  alcohol-forming  bodies, 
either  in  the  shape  of  cane  sugar  or  as  dextrose,  the  mashing  process  is  avoided,  and 
the  prepared  fluid  is  immediately  ready  for  fermentation  as  soon  as  the  saccharine 
fluid  has  been  completely  squeezed  out  of  the  cells  wherein  it  is  contained  in  the 
vegetable.  The  great  advantage  of  the  preparation  of  spirits  with  the  avoiding  of 
the  mashing  process  is  too  important  to  be  overlooked,  and  it  is  therefore  clear  that 
every  eflbrt  should  be  made  to  substitute  for  the  starch-containing  vegetable  products 
those  which  contain  sugar,  the  more  so  as  it  has  been  recently  proved  in  England 
perfectly  possible  to  arrange  this  industry  in  every  way  to  the  satisfetction  of  the 
excise  authorities. 

One  of  the  most  important  of  such  roots  is  the  sugar-beet  so  largely  employed 
in  the  manufacture  of  beet-root  sugar.  Although  it  would  appear  to  be  a 
simple  matter  to  extract  the  juice  from  the  previously  pulped  juice,  this  is  yet — 
notwithstanding  even  the  large  quantity  of  juice,  viz.  96  per  cent  of  the 
weight — a  difficult  matter,  because  the  remaining  4  per  cent  of  substance  have 
all  the  properties  of  a  sponge  and  tenaciously  retain  the  juice ;  it  is  this  spongy 
nature  of  the  solid  constituents  of  the  root  which  prevents  the  conversion  of 
the  whole  root  into  a  sufficiently  concentrated  mash.  If  it  were  possible  to  set  up 
fermentation  in  the  thick  pulp  obtained  from  the  roots  100  kilos,  of  the  pulp  would 
yield  6  litres  of  alcohol,  a  quantity  suflSciently  large  to  be  remunerative  even  with 
ft  very  low  market  price  of  spirits.  Indeed  it  is  maintained  by  the  advocates 
of  beet-root  distilleries,  that  the  distillation  of  spirit  is  a  more  profitable  business 
than  the  manufacture  of  beet-root  sugar.  In  Belgium  and  Germany,  distilleries 
are  frequently  to  be  found  attached  to  the  beet-root  sugar  manufactories;  and 
the  combination  of  the  industries  possesses  the  advantage  that,  in  a  season  when  the 
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proportion  of  sugar  in  the  roots  is  too  poor  to  jrield  much  profit  to  the  manufacturer 
as  sugar,  he  may  ferment  the  sugar-containing  juice  and  obtain  a  fair  yield  of 
spirit.  Beets  to  be  available  to  the  distiller  may  contain  only  5  to  6  per  cent 
of  sugar ;  but  for  the  pur^wses  of  the  manufacturer  of  sugsur  they  must  contain  at 
least  8  to  9  per  cent.  The  products  of  the  first  distillation  of  the  fermented  beet- 
roots contain,  in  addition  to  water,  oils  known  as  fusel  oils,  of  very  impleasant  taste 
and  smell  and  of  poisonous  quality.  These  oils,  however,  disappear  during  rectifica- 
tion.   The  methods  of  obtaining  the  juice  are  the  following : — 

a.  By  pulping  and 
a.  Pressure,  or 
6.  By  treatment  in  a  centrifugal  machine. 

p.  By  maceration,  or  by  the  dialytical  method. 

a.  The  sliced  roots  being  treated  with  cold  or  with  hot  water  (Siemens*8  and 

Dubnmfaut*B  methods). 

b.  The  sliced  roots  being  treated  with  hot  wash  from  former  distillations. 

y.  According  to  Leplay's  method,  somewhat  modified  by  Pluchart,  the  sliced  roots  are 
submitted  to  fermentation  without  previous  extraction  of  the  juice,  •and  also  without 
addition  of  yeast,  the  alcohol  being  afterwards  distilled  from  the  sliced  roots  with  the  aid 
of  steam. 

Bpbito  from  the  ByProdaeu  lu  the  East  Indies  the  scum  from  the  boiled  sugar,  the  molasses, 
oi  sngar  Manufacture  ^c.,  are  brought  to  fermentation  and  the  fermented  fluid  distilled. 
The  product  is  in  the  English  colonies  known  as  Pum,  in  Madagascar  and  the  Isle  of 
Fnmoe  as  Guildine.  The  peculiar  aroma  of  rum  is  contained  in  the  portion  which  first 
distils  over.  By  the  fermentation  and  distillation  of  the  scum  from  the  boiling  of  the 
sugar-cane  juice,  a  coarse,  sour,  dark  brown  or  black-coloured  acrid-tasting  brandy  is 
obtained ;  it  is  Imown  as  Negro  rum.  In  England  and  Germany  rum  is  frequently  made 
from  the  diluted  molasses  of  the  sugar  refineries  fermented  with  yeast,  the  fermented 
fluid  being  distilled  after  about  3  to  4  days*  fermentation.  The  aroma  peculiar  to  rum 
is  obtained  by  the  addition  of  some  pclargonic  ether  or  essence  of  pine-apple.  Beet-root 
molasses  are  also  largely  used  for  the  purpose  of  obtaining  spirits.  By  itself  the  beet-root 
sugar  molasses  are  difficult  to  ferment,  but  if  the  alkalinity  of  this  material  is  first 
neutralised  by  the  addition  of  some  sulphuric  acid,  and  the  material  next  boiled  with  a 
further  addition  of  acid  for  the  purpose  of  converting  the  cane  sugar  it  yet  may  happen 
to  contain  into  inverted  sugar,  the  fermentation  may  be  readily  set  up  and  regularly  pro- 
ceed. 100  kilos,  of  molasses  yield  on  an  average  40  Utres  of  spirit.  The  very  objection- 
able odour  of  this  spirit  is  due  to  fusel  oil,  wluch  contains  small  quantities  of  propyUc, 
butylic,  and  amylic  alcohol,  pelargonio  acid,  and  caprylic  acid,  while  later  researches, 
have  added  to  this  list  oenanthic,  caproic,  and  valerianic  acids.  The  residue  left  in  the 
retort  is  used  for  the  preparation  of  potassa  (see  page  118).  The  addition  of  sulphuric 
acid  has  not  only  the  effect  of  converting  the  cane  sugar  into  an  easily  fermentable  sugar, 
but  also  prevents  the  setting  up  of  lactic  acid  fermentation. 

spirits  from  wiae  and  Man.  The  distillaUon  of  spiHts  from  wine  is  chiefly  carried  on  in 
France,  Spain,  and  Portugal.  The  yearly  production  of  spirits  from  wine  or 
French  brandy  {alcool  de  vin)  in  France  alone,  amounts  to  450,000  hectolitres  of 
85  per  cent,  and  400,000  hectolitres  of  60  per  cent.  The  quality  of  the  spirit 
is  indirectly  aflfected  by  the  degree  of  ripeness  of  the  grapes,  and  directly  by  the  care 
bestowed  upon  the  fermentation  and  distillation,  the  more  or  less  intimate  mixture  of 
the  volatile  principles  of  the  wine  with  the  alcohol,  and  by  the  age  of  the  wine.  Old 
wine  yields  a  spirit  of  better  quality  than  new  wine.  The  freshly  distilled  brandy 
is  colourless,  and  remains  so  even  when  bottled  ;  but  since  the  spirit  is  kept  in  oaken 
casks  it  extracts  there&om  some  colouring  and  extractive  matter.  The  best  kinds  of 
brandy  are  distilled  in  the  D6partement  de  Charente,  and  the  brand  known  in  com- 
merce as  Cognac  (name  of  a  town)  .is  the  most  valued.  From  the  marc  and  wine- 
lees  spirit  is  also  distilled.  By  the  distillation  of  spirits  from  wine  a  residue  is  left 
in  the  retort  (the  vinasse)  which  contains  a  large  quantity  of  glycerine  which  may 
thus  be  obtained  as  a  by-product. 
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ft.  Distillation  of  the  Vinous  Mash. 

DistiUaUon  of  tb«  Math.  The  fermented  mash  (as  obtained  from  potatoes)  is  a  mixture 
of  non-volatile  and  volatile  substances.  To  the  first  belongs  the  fibre,  malt 
husks,  inorganic  salt«,  protein  substances,  undecomposed  and  decomposed  yeast, 
succinic  acid,  lactic  acid,  glycerine,  &c. ;  to  the  volatile*  the  alcohol,  fusel  oil,  water, 
and  small  quantities  of  acetic  acid.  The  volatile  constituents  of  the  mash,  the  pro- 
ducts of  the  fermentation,  are  separated  from  the  non- volatile  by  distillation,  during 
which  tlie  volatile  constituents  are  converted  into  vapour  afterwards  cooled  and  con- 
densed in  another  vessel.  When  a  vinous  mash  is  heated  to  the  boiling-point, 
vapours  are  generated  which  consist  essentially  of  alcohol  and  water ;  by  condensing 
these  vapours  there  is  obtained  a  mixture  of  alcohol  and  water. 

Water  boils  at  -f  100°  C,  barometer  760  mm. 
Alcohol    „     „   +  78*3°  C.,      „  „      „ 

Thus  it  might  be  thought  that  while  the  boiling-point  of  water  is  2170°  C.  higher 
than  that  of  alcohol,  it  would  follow  that  when  a  vinous  mash  is  heated  to  80°  C, 
only  the  alcohol  would  be  converted  into  vapour,  the  water  remaining  behind.     But 
tliis  is  not  the  case,  for  under  all  circumstances  the  boiling-point  of  a  mixture  of 
alcohol  and  water  is  higher  than  that  of  pure  alcohol  alone,  and  the  vapour  formed 
consists  of  both  alcohol  and  water.    The  reason  is  partly  due  to  the  affinity  of  alcohol 
for  water,  partly  also  to  the  fact  that  water  evaporates  at  a  lower  temperature  than 
its  boiling-point ;  the  former  (affinity)  retains  alcohol  and  prevents  it  to  escape  at 
proper  boiling-point  (78*3^^  in  the  shape  of  vapour.    If  the  mixture  of  alcohol  and 
water  be  heated  to  its  boiling-point  (suppose  90°  C.)  much  more  alcohol  will  be  con- 
verted into  vapour,  because  its  boiling-point  is  lower,  while  of  water  only  just  so  much 
is  evaporated  as  would  be  the  case  were  it  when  pure  to  be  heated  to  this  temperature, 
while  simultaneously  a  current  of  air  is  passed  through  it,  because  the  vapours  of 
alcohol  evolved  from  the  mixture  act  exactly  in  the  same  manner  as  would  a  current 
of  air  carried  througli  the  mixture  of  alcohol  and  water,  the  former  substance  taking 
up  just  as  much  water  as  will  be  volatilised  at  the  boiling-point  of  the  mixed  liquids. 
As  the  quantity  of  vapour  evolved  from  a  liquid  bears  a  direct  relation  to  the 
temperature  of  that  liquid,  the  quantity  of  aqueous  vapours  in  the  mixture  of 
vapours  will  increase  according  to  the  increase  of  temperature,  until  at  last,  as  soon 
as  the  boiling-point  rises  to  that  of  water  (=  100°)  no  more  alcohol  will  be  present  in 
the  vapours  which  are  given  off.    At  tlie  commencement  of  the  distillation  the  vapour 
given  off  contains  much  alcohol  and  very  little  water  ;  presently  more  water  comes 
over,  and  fin&Uy  only  water.    It  is  therefore  quite  evident  that  we  cannot  by  distil- 
lation separate  alcohol  at  once  from  tlie  rest  of  the  volatile  constituents  of  a  vinous 
mash  liquor.    By  interrupting  the  distillation  at  the  proper  time,  there  is  obtained 
in  the  distillate  all  the  alcohol  contained  in  the  mash  along  with  a  certain  quantity 
of  water,  while  tlie  residue  of  the  distillation  will  not  contain  any  trace  even  of 
alcohol.    The  liquor  obtained  by  the  first  distillation  is  generally  very  weak  alcohol, 
and  requires  further  rectification,  as  it  is  termed,  to  increase  the  proportion  of 
alcohol.    This  rectification  (another  process  of  distillation)  may  be  continued  till  the 
alcohol  contains  only  a  small  quantity  of  water,  which  can  only  be  eliminated  by  the 
aid  of  such  substances  as  have  a  greater  affinity  for  water  than  the  alcohol,  which 
retains  that  liquid  very  tenaciously.    Anhydrous,  or  absolute  alcohol,  can  only  be 
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obtained  by  treating  highly  rectified  alcohol  with  some  substances  which  have  a 

great  affinity  for  water,  such  as  caustic  lime,  fused  cliloride  of  calcium,  &c. ;  but 

really  absolute  alcohol  is  never  used  on  the  large  scale  in  industry.     The  first 

portions  of  liquid  obtained  by  the  distillation  of  vinous  mash  are  rich  in  ajcohol,  and 

termed  fore -run  or  first-run,  while  the  last  portions  of  the  fluid  yet  containing  alcohol 

are  termed  after-run.    A  doubly -rectified  alcohol  contains  50  per  cent  pure  spirit ; 

but  by  means  of  rectification  alone  a  stronger  alcohol  than  of  95  per  cent  cannot  be 

obtained.    The  residue  of  the  distillation  is  called  fluid-wash. 

Th«  DiBtming  Appantu.      A  distilling  ap]>aratus  as  usually  employed  consists  in  its 

simplest  form  of  four  parts,  namely,  the  still  or  retort,  the  head  or  cap  of  the  still, 

the  cooling  apparatus,  and  the  receiver. 

The  still  or  retort  is  generally  constructed  of  sheet  copper — more  rarely  of  iron  boiler-plates. 
The  shape  of  the  vessel  varies,  but  is  generally  a  somewhat  flattened  cylinder,  provided 
with  a  round  opening  of  12  to  14  inches  in  diameter,  fitted  with  a  collar  about  x  inch  in 
height  forming  the  neck,  on  which  the  cap  or  head  is  placed.  The  bottom  of  the  still 
is  either  somewhat  bulged  inwards  at  the  centre  or'  is  quite  flat.  The  residue  of  the 
distillation  is  removed  through  a  waste-pipe  fitted  with  a  stop-cock  attached  to  the 
bottom  of  the  vessel.  From  the  cap  or  head  a  pipe  conveys  the  volatilised  alcohol  to  the 
receiver,  while  jutting  obHquely  from  the  top  of  the  still  is  a  pipe  for  the  introduction  of 
the  mash.  The  head  carries  the  vapours  from  the  still  into  the  cooling  or  condensing 
apparatus ;  although  a  simple  tube  might  answer  this  purpose,  it  is  preferred  to  make 
the  head  of  the  stills  large  and  wide,  not  only  for  the  purpose  of  separating  any  particles 
of  mash  which  might  happen  to  be  carried  off  with  the  vapours  of  the  boiling  liquid,  but 
also  to  obtain  a  distillate  richer  in  alcohol,  because  an  increased  surface  is  favourable  to 
the  cooling  of  the  vapours,  whereby  thus  the  aqueous  vapour  is  first  condensed ;  more- 
over large  heads  are  advantageous  in  case,  by  a  rapid  evolution  of  vapours,  the  mash 
might  boil  up  (priming) ;  roomy  space  in  the  head  prevents  then  the  liquid  passing  over 
into  the  worm.  Since  the  volume  of  the  vapours  decreases  during  the  condensation,  a 
somewhat  conically-shaped  head  would  be  the  best  form  for  this  portion  of  the  apparatus. 
The  cooling  apparatus  is  not  simply  destined  to  convert  the  vapours  carried  into  it  from 
the  head  into  liquid,  but  it  is  also  required  that  this  Uquid  be  so  far  cooled  down  as  to 
prevent — at  least  as  much  as  possible — the  evaporation  of  the  distillate ;  the  condensing 
apparatus  should  not  be  too  roomy;  that  is  to  say,  there  should  not  be  too  much 
space  for  the  vapours,  because  this  would  cause  air  to  enter  the  cooling  apparatus, 
and  this  air,  while  mixing  with  the  vapours  of  alcohol,  carries  off  along  with  it  some  of 
this  fluid,  thereby  causing  a  loss  of  the  fluid.  It  is  also  requisite  that  the  cooling 
apparatus  be  strongly  made,  yet  at  the  same  time  so  constructed  as  to  admit  of  being 
readily  taken  down  for  cleansing  purposes  and  easily  fitted  up  again  ;  usually  the  cooUiig 
apparatus — technically  termed  worm — consists  of  a  series  of  spirally  bent  tubes  made  of 
either  block-tin  or  copper,  seldom  of  lead ;  this  apparatus  is  placed  in  a  large  wooden 
or  metal  vat  containing  cold  water,  or  as  in  the  more  recently  constructed  distilling 
apparatus,  cold  vinous  mash,  which  is  thus  made  warm  previous  to  being  transferred  into 
the  still,  whereby  of  course  a  saving  of  fuel  is  effected. 

'"^AppiSiS"^*     However  much  the  shape  and  details  of  construction  of  the  apparatus, 

with  the  aid  of  which  strong  alcohol  can  at  once  be  obtained  by  one  distillation,  may 

vary,  these  apparatus  all  agree  in  this  respect,  tliat  the  mixture  of  vapours  of  alcohol 

on  their  way  from  the  still  to  the  condenser  become  continuously  richer  in  alcohol,  so 

that  on  reaching  the  cooling  apparatus  strong  alcohol  is  the  result  of  the  operation. 

This  result  can  be  attained  in  two  different  ways,  viz. : — 

1.  By  causing  the  mixture  of  vapours  to  pass  repeatedly  through  alcoholic  liquids 
formed  by  the  condensation  of  the  vapours  first  given  off;  when  afterwards 
the  temperature  increases  in  consequence  of  the  continued  rush  of  vapours  into 
the  liquid,  a  new  process  of  distillation  begins,  the  vapours  generated  by  it  being  far 
richer  in  alcohol  than  when  the  first  distillation  took  place  (principle  of  rectifimtion), 

2.  By  so  cooling  the  mixed  vapour  that  the  water  only  is  condensed,  the  alcohol 
passing  on  as  vapour  (principle  of  dephlegmation). 
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When,  in  fonner  days  (sixtjr  to  sixty-liTe  jears  i^o),  it  was  desired  to  prepare 
stroDg  alcohol,  a  repeated  proceas  of  distillation  was  adopted ;  this  of  conrae  was  a 
costly  affair  both  as  regards  conaumptton  of  materials,  fuel,  Sk.,  and  loss  of  time. 
At  the  present  daj  distillation  apparatus  are  generally  so  arrauged  that  by  a  kind 
of  dissociation  of  the  misturo  of  vapoors,  alcohol  of  any  desired  strength  can  be  at 
once  prepared. 

Most  of  the  recent  distillation  apparatus  may  be  considered  to  cousiBt  of  tlie 
following  parta : — ■ 

I.  The  atill  or  veaael  in  which  the  fermented  mash  is  placed. 

3.  Two  condensing  apparatus,  one  of  which  serves  as  rectifier,  while  the  other 
completes  the  condensation  of  the  products. 

3.  A  dephlegmator  in  which  the  mixed  vapour  separates,  a  portion  of  the  water 
becoming  condensed  and  a  vapour  richer  in  the  alcohol  being  carried  on ;  this  latter 
is  carried  into  the  cooling  apparatus,  while  tJie  former  flows  back  into  the  still. 

Among  the  many  distilling  apparatus  employed  in  Germany  for  distilling  fermented 
potato  mash,  we  propose  to  describe  those  of  Uorn,  Pistorius,  Gall,  Schwarz,  and 
Siemens. 

Domi  Appuwu.  Dom's  apparatus.  Fig.  233.  consista  of  the  still,  a,  tlie  helm,  a,  which 
acta  as  dephlegmator,  the  condensiufi  apparatos,  b,  and  between  the  slill  and  con- 
densing apparatus,  a  copper  vessel  divided  by  a  partition  into  two  compartments. 


c  and  7,  the  npper  of  which,  c.  ia  termed  the  fore-warmer,  the  under,  e,  the  recti- 
ficator.  Connected  with  the  helm  is  a  small  condenser,  n,  for  the  purpose  of  taking 
an  occasional  sample  of  the  distillate  which  posses  over.  The  fore-n-armer  is  filled 
with  mash  to  a  level  with  the  tube,  0,  and  usually  contains  as  mucli  mash  as  is 
necessary  to  fill  the  still.  With  the  help  of  the  revolving  arras,  x  x,  the  mash  ia 
from  timeto  time  kept  stirred,  and  thus  equally  heated  throughont  to  about  85°  by  the 
vapour  passing  through  the  pipe,  i  i.  from  tlie  stilL  When  the  distillation  is  finished 
the  wash  (waste  residue!  is  run  off  by  opening  the  tap  a,  the  stil!  being  re-filled  with 
mash  irom  the  fore-warmer.  As  soon  as  the  distillation  commences  the  vspoor  is 
condensed  in  the  worm,  i  i.  the  condensed  fluid  flowing  into  f.  When  the  steam  ia 
no  longer  condensed  in  t.  which  occura  as  aoon  as  the  mash  baa  reached  a  certain 
twnperatore,  the  vapours  paas  over  into  the  low  wina,  which  thus  becouaa  rapidly 


434  CHEMICAL  TECIIXOLOGY. 

heated  to  the  boiling-point.  By  thia  means  a  second  di stilt ution  ia  effected,  really  a 
rectUicfttiou,  the  vnpour  or  utuam  from  which  passing  by  Uxv  tube.  y.  is  carried  to  the 
worm,  t  «,  placed  in  tjie  condenser,  d,  and  having  been  converted  into  a  fluid  flows 
off  at  p.  The  distillatioa  i*  continued  until  the  fluid  wliich  conies  over  (the  distil- 
latsl  contains  only  35   to  40  per  ci'nt  of  alcohol;    a  soinple  is  then  taken  at  the 
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small  cooling  appcrstns.  k,  to  test  the  quality  i)i  the  mash,  and  in  order  to 
Bseettain  whether  it  contains  any  more  alcohol.  When  the  distillate  collected  at  n 
is  found  to  be  only  water  the  operation  is  finished.  The  wash  is  ran  off  from  tbe 
still,  and  it  is  then  re-filled  with  fresh  mash  from  the  fore-warmer  through  t,  knd 
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the  distillution  again  proceeded  with.  The  low  wine  contained  in  the  vessel  f  flows 
through  the  tube  j  or  q  back  into  the  still.  As  may  be  seen  in  the  cut,  Dom's  appa- 
ratus has  not  a  separate  dephlegmator  and  only  one  still  or  retort.  This  apparatus 
is  now  rarely  used  for  distilling  mash,  but  frequently  for  rectifying  spirits. 

Piitoriun  g  Apparatoa.  Plstorius  first  Introduced  in  Germany  a  distilling  apparatiu 
fitted  with  two  stills  ingeniously  connected  with  rectificators  and  dephlegmators. 
When  a  distilling  apparatus  is  required  which  not  only  extracts  all  the  alcohol  from 
the  mash,  but  also  produces  the  alcohol  in  a  very  pure  and  concentrated  state, 
performing  this  work  with  the  least  possible  expenditure  of  fuel  and  labour, 
IMstorius's  apparatus  answers  the  purpose  admirably,  a  and  b,  Fig.  234,  represent 
the  two  stills,  a  is  the  main  still,  which  is  either  placed  on  a  furnace  and  heated 
(lirftctly  by  fire  or  by  means  of  steam.  Heating  by  steam-pipes  instead  of  direct 
iiiing  possesses  many  advantages.  The  second  still,  b,  is  placed  at  a  somewhat 
higher  level  than  the  first,  and  when  not  heated  by  steam-pipes  is  situated 
on  the  flue  of  tlie  furnace  fire  of  the  first  still.  The  main  still,  a,  is  fitted  with  a 
large  helm,  n,  fastened  on  the  still  with  bolts  and  nuts,  pis  &  tube  projecting  from 
the  helm  and  provided  with  a  safety  valve  which  opens  inwards,  in  order  to  give 
access  to  air  as  soon  as  towards  the  end  of  the  distillation  a  vacuum  might  ensue  in 
the  interior  of  the  apparatus  in  consequence  of  the  condensation  of  the  vap  mrs. 
There  is  also  connected  with  this  tube,  p^  a  small  condenser,  q,  as  in' Dom's 
apparatus,  from  which  samples  showing  tlie  progress  of  the  distillation  may  be  taken. 
In  both  stills  stirring  apparatus,  m  and  »,  are  fitted  to  prevent  the  mash  burnings 
By  the  tube  x  the  vapour  of  the  *'  low  wine  "  is  admitted  to  the  second  still,  the 
mash-still.  From  the  helm,  f,  of  the  mash-still  a  curved  pipe,  s,  conveys  the  vapour 
to  the  mash  fore- warmer,  which,  as  in  Dom's  apparatus,  is  divided  into  two  parts,  the 
upper,  E,  containing  the  mash,  the  lower,  g  (the  "  low  wine  "  cistern) ;  the  vapour 
ascending  along  the  narrow  passage,  v,  to  the  rectification  apparatus,  h.  Frequently 
the  vapour  is  conveyed  to  a  third  still  before  entering  g  ;  this  still  is  not  shown  in  the 
drawing.  The  rectification  apparatus,  h,  consists  of  two  or  three  conically-shaped 
vessels,  made  of  sheet-copper  and  connected  together,  and  is  provided  with  a  cistern 
filled  with  water,  w ;  it  is  connected  with  the  condenser,  r,  by  the  tube  0.  The 
tube  X  conveys  cold  water  to  the  rectification  apparatus,  and  the  short  tube,  y,  does 
so  to  the  fore-warmer.  The  pump,  p,  is  employed  to  pump  the  mash  from  the 
cistern,  l,  to  tlie  fore-warmer ;  thence  it  is  carried  to  the  second  still,  and  thence 
again  to  the  first  still.  When  both  stills  and  the  fore-warmer  are  filled  with  mash, 
the  fire  is  lighted  under  the  first  still.  The  steam  or  vapour  from  the  mash  in  a 
passes  to  the  mash  in  b,  which  is  thereby  heated  to  the  boiling-point.  Tlie  still  b 
serves,  therefore,  the  purpose  of  a  rectificator.  When  the  distillation  has  begun,  the 
vessel,  w,  on  the  rectificator  is  filled  with  cold  water,  which  is  re-supplied  when  it 
has  become  warmed  by  the  passing  vapours.  As  soon  as  the  steam  reaches  the  upper 
rectificator,  the  real  distillation  commences.  The  condensed  fluid  drops  into  a 
cistern  in  which  a  hydrometer  is  placed. 

oaii's  ApiMrattu.  In  most  apparatus  for  distilling  from  a  vinous  mash  the  distillate 
becomes  gradually  weaker  and  is  not  throughout  of  the  same  strength.  Gall  and 
Marienbad  have  endeavoured  to  avoid  this  defect  in  their  apparatus.  Figs.  235  and 
236,  so  as  to  obtain  a  more  uniform  product  during  each  distillation.  Two  stills  are 
placed  in  a  suitable  manner  in  a  steam-boiler  and  the  stills  are  connected  with  the 
separator   (low  wine  cistern),      b  b   are  the  stills;    c  is  a  boiler  with  flues,  1 1. 
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thestillfl,  in  order  to  prevent  tli  era  oooling,  ar< 
still  placed  on,  not  in.  the  bniler ;  k  Ih  tlie  low 
maton  or  Beparetors ;  a  is  n  condenser  with  a  n 
the  Btill  0  hj  means  of  the  tube  <i  a.  this  still  a 


fixed  into  t)ie  boiler ;  d  is  a  tliird 
irine  cistern;  r  and  o  two  ilephleg- 
iriD,  H.  The  mash  ia  put  first  into 
rving  Rs  a  fore-warmer  and  recti- 


fiCBtor.  From  this  still  both  tlie  atilla  d  b  are  filled,  yrom  the  boiler  a  current  of 
steam  is  conveyed  through  tlie  bent  tube,  6,  into  the  tliree-wnj-cocl;,  c,  whence  the 
steam  is  eiUiei  passed  into  one  or  botli  tlie  stills  b  b  or  is  conveyed  upwards  by  tlie 
tnbe  4  to  tlie  vessel  destined  to  steam  the  potatoes.  The  vnpoiir  froiu  one  or  both  of 
the  stills  B  n  proceeds  to  the  still  ».  and  tlicncu  into  the  low  wine  cistern,  b,  and 
passing  througli  the  dcplilcgnintors.   t  and  a,  fiuBlIy  enti^r  into  tlie  condenser.     The 

Flo.  135. 


pecnliarity  of  Gairs  apparatus  consists  in  that  by  the  peculiar  arrangement  of 
tubes  and  stop-cocks,  each  of  the  two  stills  may  at  will  be  bronght  into  action,  it 
being  possible  to  turn  the  steam  at  pleasure  into  the  right-hand  still,  and  next 
into  the  left-hand  still,  or  vkt  vena.  Each  still  may  be  also  disconnected,  tlio 
wash  theiefiram  discharged  and  le-filled  witliout  in  the  least  interrupting  the 
working  of  the  other  portions  of  the  apparatus ;  the  distillation  can  therefore 
proceed  uninterruptedly,  one  part  of  the  apparatus  being  filled  while  the  other  is 

BihwHrnijipiiHUiu.  Schwarz's  apparatus  is  in  TSiy  general  use  in  the  aoatb-west  of 
Germany.    It  consists,  Fig.  337,  of  the  steam  boilat.D;  two  maahatiUs,*  and  b;  the 
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fore-wnTmer,  c ;  the  "  low  wine  "  cistern,  or  receiver,  e  ;  the  rectificators.  k  and  t ;  and 
the  condenser,  a.  m  is  a  reservoir  for  cold,  n  one  for  hot  water.  The  ateam  generated 
in  the  boiler,  D,  paasea  through  the  pipe,  g,  into  the  under  compartment,  i,  of  the 
double  etill,  tlirongh  tlie  moah  contained  there  ;  becoming  mixed  with  vapours  of 
alcohnl.  it  arrives  in  thehehn.  s,  and  farther  makes  its  way  bj  means  of  the  tube  « 
into  tlie  upper  part  of  the  double  still ;  thence  ttftei  a  double  recliiieatifln  it  is 
convened  by  means  of  the  tube  t  to  the  fore  warmer,  c;  the  upper  part  of  this 
vessel  provided  with  the  tubes  aaa  acts  as  a  dephlegmator  or  separator,  the  con- 
densed fluid  flowinj:;  into  n.  Tlie  steam  which  arrives  from  tlie  npper  part  of  the 
etill  passes  through  E.  and  thence  by  way  of  the  tubes  aa  into  the  helm,  and 
the  tube  N,  which  latter  is  sarronndod  with  the  vessel  h  kept  cold  by  means  of  cold 


water;  the  deplilegmalion  coutinnes  here.  From  h  the  steam  passes  through  v  to  r, 
an  apparatus  corresponding  to  the  fore-wanner,  c.  but  of  smaller  dimensions ; 
because  here  the  quantity  of  vapour  has  become  greatly  reduced  while  it  has  become 
richer  in  alcohol.  The  dcphlegniator  tubes  are  here  surrounded  by  cold  water,  not 
by  cold  mash,  the  former  liquid  being  constantly  renewed  so  aa  to  keep  cold.  The 
steam  or  vapour  collected  in  tlie  helm,  6,  is  sufficiently  laden  with  alcohol  to 
admit  of  being  at  once  conveyed  to  the  condenser,  a,  the  condensed  distillate  flowing 
oat  at  i.    The  vinoas  mash  is  first  poured  into  the  fore-warmer,  c,  wherein  it  ia 
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CMScaaioiiall;  stirred  hy  the  arms,  dd,  end  cr&uk.  cJ,  so  as  to  keep  it  uniforml;  mixed 
ukd  heftt«d.  When  the  mash  has  become  warm  it  is  conveyed  ioto  tJie  upper  com- 
pBTtmeDt  of  the  donble  atiU  by  the  pipe,  e,  and  into  the  lower  compartment  through 
the  open  valve;  this  compartment  also  serves  as  cistern  for  the  phlegma  from  all 
other  parts  of  the  apparatus ;  the  fluid  flows  backwards  from  the  compartmenta  h  and  I 


of  the  reetifioators,  H  and  p,  by  way  of  the  tubes  tn'and  n,inta  iJie  low  wine  cistern,  b, 
thence  into  the  upper  compartment  of  the  double  still,  where  it  mixes  with  (he  mash. 
Aa  soon  as  the  maah  has  given  up  all  its  alcohol,  which  con  be  ascertained  by  testing 
'  ililj  of  the  vapour  issuing  from  the  test  stop  cock,  o,  the  residue  is 
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remaTe.t  by  opening  the  tap.  ;>.  By  means  of  the  tubes  g^f  th«  reetiflcators  fttid 
condenaing  apparatus  are  supplied  with  cold  water.  The  wariu  water  from  the  con- 
denser is  coQveyed  by  tlic  tube  r  into  the  builer.  Ry  nteiLna  of  a,  the  stciuu  cut  b« 
admitted  to  tlie  potato  veasela,  and  by  s  into  the  reservoir  k,  when  it  is  desired  to 
heat  the  water  it  contains  to  the  boiling- point.  Schn-arz's  apparatus  possesses  the 
odvantuge  of  being  easily  taken  to  pieces  ajid  cleansed.  But,  on  the  contrary, 
among  its  disiid  vantages  are  the  folloivlng : — tlio  construction  of  the  mash -warmers  is 
not  quite  suited  for  the  pur|iose.  while  iiJ^o  the  condensed  lirjuid  in  e  is  not  brought 
sufficiently  into  contact  with  tlie  hot  at«ani  to  alfuct  a  tliorougli  distillation  or  rectifi- 
cation.     Tlie   Dteiun   poiwes   so   ({iiickly  through   tlie   liquid  that  it  is  only  very 


Fio.  238. 


imperfectly  depTived  of  its  water  (dephlegmatedj  when  it  reaches  Die  ileplilcgmation 
apparatus,  where  it  will  consequently  be  but  imperfecUy  rectified,  wliile  the  vertical 
steam. pipes  offer  too  few  points  of  contact,  and  allow  much  steam  to  pius  off  with- 
out bein^  fully  condensed;  while  even  the  partly  condensed  vesicular  steam  is 
carried  off  along  with  the  condensation  escaping  steam.  The  condenser  itself  is 
imperfect,  being  constructed  of  a  number  of  vertical  pipes,  through  which  the  con- 
densed liquid  rapidly  falls  without  becoming  quite  cold,  and  in  order  to  obtain  a 
■officisut  condeusatioD  an  immenHS  qnauti^  of  cold  water  lias  to  be  used. 
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Bicmena's  Appuatu.  Among  Iho  apparatus  capable  of  producing  a  large  quantity  of 
spirits  at  a  small  cost  is  that  of  Siemens.  This  apparatus  is  much  used  in  the  dis- 
tillation of  brandy.  It  consists,  Fig.  238,  of  two  mash-stills  set  in  a  boiler,  and 
capable  of  being  alternately  used  (by  means  of  the  three  cocks,  a,  &,  and  c),  in  the 
same  manner  as  in  Gall's  apparatus,  while  the  fore-warmer  and  dephlegmator  is 
constructed  according  to  Siemens's  plan,  l  is  the  boiler ;  p  one  of  the  mash-retorts ; 
K  is  the  low  wine  receiver ;  b  the  fore-warmer ;  a,  a  reserroir  in  which  the  condensed 
water  intended  as  feed  water  of  the  boiler  is  collected ;  c  is  the  dephlegmator ;  b  a 
reservoir  for  the  vapours  condensed  in  c.  From  the  dephlegmator  the  vapour 
passes  to  a  condenser  not  shown  in  the  engraving.  This  apparatus  is  constructed  of 
such  dimensions  that  it  can  perform  the  work  about  to  be  mentioned.  The 
boiler  has  to  steam  about  5000  kilos,  of  potatoes  in  four  lots,  dming  from  40  to 
45  minutes  each,  and  should  thus  be  capable  to  yield  in  three  hours  the  fifth 
part  of  the  weight  of  the  potatoes  =:  1000  kilos.,  or  in  one  hour  333  kilos,  of 
steam,  which  renders  necessary  a  steam-generating  surface  of  about  1 1  square  metres. 
But  since  the  distillation  requires  steam  also,  this  generating  surface  has  to  be 
increased  by  about  20  per  cent,  and  should  consequently  be  13*5  to  14  square  metres. 
The  size  of  the  mash  stills  should  be  sufficiently  large  to  contain  with  ease  500  litres 
when  properly  filled ;  because,  as  already  stated,  the  fluid  from  a  is  not  returned  to 
the  still  but  to  the  steam-boiler,  the  stills  being  set  into  the  last-named  vessel  not 
becoming  externally  cooled,  whereby  the  quantity  of  water  carried  along  with  the 
vapours  of  spirit  is  compensated  for. 

The  mash  warmer  consists  of  a  cylindrical  portion,  i  i,  the  lower  part  of  which 
has  an  indentation,  c.  In  the  cylinder  is  placed  a  narrower  portion,  0  0,  of  the  real 
mash-containing  vessel  fitted  with  the  heating  tube,  /  n.  The  upper  part  of  the 
fore-warmer  is  fitted  to  the  lower  part  by  means  of  the  flange,  h  h\  r  is  a  stirring 
apparatus,  which  is  frequently  set  in  operation  during  the  process  of  distillation. 
The  vapours  from  the  second  still  are  carried  into  the  depression,  c,  under  the  fore- 
warmer,  which  in  order  that  tlie  vapours  may  come  into  contact  with  the  phlegms  is 
covered  with  a  sieve.  The  vapours  surround  the  under  part  of  the  mash  reservoir 
and  enter  into  the  tube,  /,  through  which  they  pass  to  the  lower  cylinder  of  the 
dephlegmator.  The  condensed  water  of  the  dephlegmator  is  conducted  into  the 
reservoir,  a.  The  upper  and  under  part  of  the  fore-warmer  are  made  of  cast-iron, 
but  the  interior  bottom  and  heating  surfaces  are  made  of  copper.  This  kind  of 
fore-warmer  has  the  advantage  of  uniformly  distributing  the  heat,  while  it  can  be 
easily  cleansed.  The  dephlegmator,  c,  is  so  contrived  that  the  rectified  vapour  can 
be  conveyed  to  the  condenser  by  two  separate  pipes  placed  in  an  opposite  direction 
to  each  other,  and  are  joined  again  in  close  proximity  to  the  condenser.  The 
remainder  of  tlie  details  will  be  seen  on  studying  the  drawing. 

^''"aSSJ.^S!*"*"*  Among  the  distilling  apparatus  intended  for  the  distillation  of 
wine  (not  of  mash),  and  so  constructed  as  to  be  fit  for  continuous  working,  we 
must  not  neglect  to  mention  the  apparatus  of  Cellier-Blumenthal,  as  improved 
by  Derosne,  and  represented  in  Fig.  239.  This  apparatus  consists  of  two  stills^ 
a  and  a'  ;  the  first  rectificator,  b  ;  the  second  rectificator,  c ;  the  wine  warmer  and 
dephlegmator,  n ;  the  condenser,  f  ;  the  regulator,  £ ;  a  contrivance  for  regu- 
lating the  flow  of  the  fluid  wine  from  the  cistern,  o.  The  still  a',  which  as 
well  as  the  still  a  is  filled  with  wine,  acts  as  a  steam  boiler.     The  low  wins 


Taponra  evolved  come,  when  they  have  enired  in  the  rectJficatoTS,  in  contact 
with  an  nninlemipted  stream  of  wine,  whereby  dephlegmation  is  efiected ;  the 
vaponr  thus  enriched  in  alcohol  becomes  still  stronget  in  the  yeisel  n,  and  thence 


urivea  at  the  coohng  apparatus,  r.  In  order  that  a  real  rectification  dunild  talw 
place  in  the  reetifieaton,  th«  stream  of  wine  ahonld  be  heated  to  a  eartain 
temperature,  which  is  imparted  to  it  bjr  the  heating  of  the  condenaer  watar. 
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The  steam  from  the  still  a'  is  carried  by  means  of  the  pipe  z  to  the  bottom  of 
the  still  A.  Both  stills  are  heated  by  the  fire  of  tlie  same  furnace.  By  m«^ans 
of  the  tube  b'  the  liquid  contained  in  the  still  a  can  be  run  into  the  still  a'.  The 
first  rectificator,  b,  contains  a  number  of  semi-circular  discs  of  unequal  size,  placed 
one  above  the  other,  and  which  are  so  fastened  to  a  vertical  centre  rod  that  tliey  c«n 
be  easily  removed  and  cleansed.  The  larger  discs,  perforated  in  the  manner  of 
sieves,  are  placed  with  their  concave  surfaces  upwards.  In  consequence  of  tliis 
arrangement  the  vapours  ascending  from  the  stills  meet  with  large  surfaces  moistened 
with  wine,  which,  moreover,  trickles  downwards  in  tlie  manner  of  a  cascade  from 
the  discs,  and  comes,  therefore,  into  very  intimate  contact  witli  the  vapours.  The 
second  rectificator,  c,  is  fitted  with  six  compartments ;  in  tlie  centre  of  each  of  the 
partition  walls  (iron  or  copper  plates)  a  hole  is  cut,  and  over  this  hole  by  means  of  a 
vertical  bar,  is  fjostened  an  inverted  cup,  which  nearly  reaches  to  the  bottom  of 
the  compartment  wherein  it  is  placed.  As  a  portion  of  the  vapours  are  condensed 
in  these  compartments  tlie  vapours  are  necessarily  forced  through  a  layer  of  low 
wine,  and  have  to  overcome  a  pressure  of  a  column  of  liquid  2  centimetres  high. 
The  fore- warmer  and  dephlegmator.  d,  is  a  horizontal  cylinder  made  of  copper 
fitted  with  a  worm,  the  convolutions  of  which  are  placed  vertically.  The  tube  m 
communicates  with  tliis  worm,  the  other  end  of  which  passes  to  o.  A  phlegma 
collects  in  the  convolutions  of  this  tube,  which  is  richer  in  alcohol  in  the  foremost 
windings  and  weaker  in  those  more  remote :  this  fluid  collecting  in  the  lower  part 
of  the  spirals  may  be  drawn  ofi*  by  means  of  small  tubes,  tlience  to  be  transferred  at 
the  operator's  pleasui'e,  either  all  or  in  part,  by  the  aid  of  anotlier  tube  and  stop- 
cocks to  the  tube  o,  or  into  the  rectificator.  By  means  of  the  tube  l  the  previously- 
warmed  wine  of  the  dephlegmator  can  be  run  into  the  rectificator.  The  condenser,  f, 
is  a  cylindrical  vessel  closed  on  all  sides,  and  containing  a  worm  communicating 
with  the  tube  o.  The  other  end  of  the  condensing  tube  carries  tlie  distillate  away. 
On  the  top  of  this  portion  of  the  apparatus  the  tube  k  is  placed,  by  means  of 
which  wine  is  run  into  the  dephlegmator.  The  cold  wine  flows  into  the  cooling 
vessel  by  the  tube  i.  When  it  is  desired  to  work  with  this  apparatus,  the  first 
thing  to  be  done  is  the  filling  of  the  vessels  a  and  a'  with  wine.  The  stop-cock,  e, 
is  then  opened,  whereby  the  tube  j,  the  condenser,  f,  and  the  dephlegmator  are  filled 
with  wine.  The  wine  in  the  still  a'  is  next  heated  to  the  boiling-point ;  the  steam 
enters  the  tube  z  and  is  condensed  in  a  until  the  wine  here  is  heated  to  the  boiling- 
point  by  the  combined  effect  of  the  steam  and  the  hot  gases  circulating  in  the  flue. 
The  low  wine  vapour  then  passes  to  the  rectificator,  b,  and  thence  into  the  worm  of 
the  dephlegmator,  n,  where  the  greater  portion  of  it  is  condensed,  the  phjegma  flowing 
backwards  into  the  rectificator.  As  soon  as  the  fore-warmer  is  so  far  heated  that  the 
hand  cannot  be  kept  in  the  hot  wine,  the  stop-cock  of  the  vessel  e  is  opened,  and 
the  distillation  commences.  The  wine  which  is  conveyed  by  the  tube  j  into  tho 
cooling  vessel,  f,  soon  begins  to  become  hot,  and  is  then  conveyed  to  the  fore- 
warmer,  where  its  temperature  becomes  nearly  as  high  as  the  boiling-point;  by 
means  of  the  tube  l  this  fluid  is  conveyed  into  the  rectificator,  b,  and  thence  into 
the  still  A. 

As  soon  as  the  wine  in  the  still  a'  contains  no  more  alcohol,  the  stop-cock,  fitted  to 
the  lower  part  of  the  vessel  is  opened,  and  the  vinasse  run  off  at  R,  the  still  being 
re-supplied  by  opening  the  stop-cock,  b'.  The  vapour  proceeds  in  the  same 
way,  but  in  a  reversed  direction ;  when  the  vapour  has  been  condensed  in  f  it  is 
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first  collected,  as  aJcohol,  in  Qie  small  Teasel,  n,  provided  with  an  areometer,  and 
thence  conveyed  to  the  ciHtem.  h.  The  strength  of  the  alcohol  obtained  by  means 
of  this  apparatus  increases  with  an  increase  uf  the  number  of  tlie  windings  of  the 
condenser  placed  in  the  dcphlcgmator  and  connected  with  the  rectificatur.  Practical 
experience  decides,  according  to  the  alcoholic  strength  of  the  wines  to  be  distilled. 
and  the  quantity  of  pure  alcohol  desired  in  the  distillate,  the  opening  or  shutting 
of  the  various  stop-cocks  of  this  apparatus.  Derosne's  apparatus  may  be  readily 
made  continuous ;  for  this  purpose  it  is  only  necessary  to  fill  the  reservoir,  conden- 
sing apparatus,  and  rectificator  with  cold  water,  while  tlie  lower  portion  of  the  tube  l 
is  closed. 
lniui'i  Appuuu,  Laugier's  apparatus,  shown  in  section  in  Fig.  240.  is  also  of  great 
interest.  Notwithstanding  the  fact  that  Derosne's  apparatus  is  exceedingly  com- 
mendable for  great  economy  of  fuel,  rapidity  of  distillation,  and  excellence  of  product. 


the  apparatus  is  rather  of  a  complicated  constmction,  because  it  is  arranged  to 
distil  all  kinds  of  wine,  be  they  weak  or  strong,  while  at  (lie  same  time  alcohol  of 
any  desired  strength  may  be  oblained.  Apparatus  of  the  construction  of  Laugier's, 
arranged  for  the  distillation  of  one  kind  of  fluid,  wine  or  mash,  and  for  the  pro- 
duction of  a  distillate  which  is  always  of  the  same  strength  of  alcohol,  may  be 
far  niore  simply  constructed.  The  fluid  to  be  distilled  flows  from  the  tube,  «, 
into  the  funnel,  ji,  thence  into  the  vessel  *,  entering  its  lower  part  and  serring  to 
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condense  Hit  alcoholic  vapow.  From  this  Tosael  tlie  wanned  fluid  passes 
by  meana  of  the  tube  r  into  the  lower  part  of  the  aecond  vessel,  n.  where 
dephlegmation  takes  place  by  means  of  a  condensing  tube.  Tlience  the  fluid 
flows  by  way  of  the  tube  e  into  the  second  still,  c,  which  is  heated  by  tlie  hot 
gases  evolved  from  tlie  fire  kept  burning  under  the  first  still,  d  ;  in  the  still  c  the 
fluid  undergoes  a  rectification,  and  the  Tinasse  flows  by  the  tube  e  into  tlie 
still  D.  M  is  tlie  pipe  conveying  Uie  hot  vaponr  from  d  info  c ;  the  tube  b  conveys 
the  alcoholic  vapours  into  tlie  dephlegmator.  By  means  of  the  tube  d  the  phlegma 
ia  conveyed  into  the  still  c  ;  /serves  as  a  means  of  emptying  the  still  d  ;  g  and  h 
are  glass-gauging  tubes  for  indicating  the  height  of  tlie  fluid  in  the  interior  of  the 
Btill ;  the  tube  /  conveys  the  uon-condensed  vapours  from  tlie  dephlegmator  into  the 
condensing  apparatus ;  while  t  conveys  the  vapours  formed  in  the  vessel  b  into  the 
condensing  apparatus.  The  alcohol  condensed  in  the  cooling  apparatus  flows,  as  ia 
exhibited  in  the  cut,  into  a  vessel,  o,  provided  with  an  areometer  to  indicate  the 
strength  of  the  fluid.  The  cooling  apparatos  of  the  vessel  b  consists  of  seven 
compartments  or  divisions  formed  by  wide  spirals,  each  of  which  is  at  its  lower 
level  fitted  with  a  narrow  tube,  all  of  which  ore  connected  to  the  tube  J,  by  way 


of  wliich  the  condensed  f 
made  to  flow  back  into  the  still.  By 
properly  regulating  the  boiling  of 
the  liquid  in  the  first  still  and  by 
adjusting  the  flow  of  nine,  the 
eondensatiou  of  the  vapours  in  tha 
dephlegmator  con  be  arranged  at 
will,  so  tliat  either  brandy  of  50 
per  cent  or  alcohol  of  above  80  per 
cent  be  obtained. 

Sometimes  an  apparatus  of  even 
more  simple  construction  is  em- 
ployed, in  which  the  fluid  to  be 
distilled  is  heated  bj  a  spiral  tube, 
through  which  high-presBnre  steam 
is  made  to  circulate.  Snch  an 
apparatus  is  exhibited  in  Fig.  341. 
&  is  a  cast-iron  or  copper  cylinder, 
in  which  the  fluid  to  be  distilled 
is  heated  by  a  spiral  tube  made 
of  copper ;  the  inlet  of  this  tube  is  at 
b,  and  the  outlet  at  a ;  by  means  of  c 
the  vinasse,  devoid  of  alcohol,  is  run 
olT.  B  is  the  dephlegmator,  through 
which  the  fluid  to  be  distilled  con- 
fdnoally  flows  in  a  downward  direction,  while  the  vapour  of  the  low  wine  evolved  in  a. 
ascends  uniDterrupt«dly.  In  order  to  increase  the  surface  and  points  of  contact  the 
arrangement  in  the  deplegmator  is  veiy  different.  The  vapour  sacendato  the  reservoir, 
X,  and  by  way  of  the  tube  f  enters  the  rectificator,  c,  which  ia  arranged  ss  naual ;  the 
condensed  portion  returning  through  h  to  the  dephlegmator,  while  the  uncondensed 
vapour  paaaes  on  to  the  condenser  of  the  vessel  d  there  to  become  condensed 
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and  carried  off  tlirough  m.  The  fluid  to  be  distilled  is  kept  in  a  tank  (not  represented 
in  the  cut)  placed  higher  than  the  apparatus,  being  conveyed  to  the  latter  by  way  of 
the  tube  l  i  fitted  witli  the  stop -cock  k,  so  that  the  liquid  arrives  first  in  D,  is  next 
conveyed  to  c,  thence  tlirough  o  into  the  dephlegmator,  and  lastly  into  the  cylinder. 

BcmoTins^the^wi  Oil..  j^  j^gg  i,een  already  mentioned  (see  p.  431)  that  in  addition  to 
ethylic  alcohol  tliere  ai'e  formed  during  vinous  fermentation — under  conditions  not  at 
all  clearly  understood  nor  scientifically  elucidated — ^larger  or  smaller  quantities  of 
alcohols  homologous  with  ethylic  alcohol ;  such,  as,  for  instance,  propylic,  butylio, 
amylic  alcohols,  which,  when  mixed  with  larger  or  smaller  quantities  of  complex 
ethers,  bear  tlie  name  of  fusel  oil,  a  fluid  which  imparts  to  the  ethylic  alcohol  (in 
the  shape  of  brandy,  gin,  whiskey,  &c.)  a  very  unpleasant  flavour,  also  rendering 
tlicse  spirits  when  crude  very  injurious  to  the  human  system.  Fusel  oil  differs 
according  to  tlie  nature  of  the  mash,  potatoes,  grain,  and  beet-roots  being  used 
in  its  preparation.  Fusel  oil  is  formed  in  large  quantity  only  when  fermentatioa 
takes  place  at  a  high  temperature  in  a  concentrated  saccharine  fluid,  while  no 
tartaric  acid  is  simultaneously  present.  A  fluid  wliich  ferments  at  a  low  temperature 
and  is  veiy  dilute  does  not  yield  fusel  oil,  at  least  no  amylic  alcohol,  which  also  is 
never  formed  in  such  wines  as  have  been  fermented  when  tartaric  acid  has  been 
present  in  the  fermenting  fluid. 

As  it  is  a  property  of  all  fusel  oils  that  they  are  less  volatile  than  water  and 
alcohol,  they  are  only  condensed  when  brandy,  gin,  whiskey,  &c.,  are  distilled  towards 
the  end  of  the  distillation ;  while  as  regards  the  distillation  of  the  alcohol  these  oils 
are  cliiefly  met  with  in  the  products  of  tlie  condensation  of  the  dephlegmators.  A 
portion,  however,  of  the  fusel  oils  comes  over  along  witli  the  alcohol,  and  being 
very  intimately  mixed  therewith  is  not  readily  removed  from  these  fluids.  Potato 
fusel  oil  is  essentially  amylic  alcohol  (C5H13OJ,  a  colourless,  very  mobile  fluid 
of  o'8i8  sp.  gr.,  of  penetrating  odour,  provoking  coughing,  and  of  a  bnming  taste ; 
it  boils  at  iss"*.  *  By  means  of  oxidising  agents,  such  as  manganate  and  per- 
manganate of  potash,  a  mixture  of  sulphuric  acid  and  bichromate  of  potash,  or 
manganese  as  well  as  platinum  black,  amylic  alcohol  is  converted  into  valericmic 
acid  ^OjHioOa).  By  tlie  action  of  acids  this  amylic  alcohol  is  converted  into  peculiar 
kinds  of  ethers  in  tlie  same  manner  as  Uiis  effect  is  produced  by  acids  upon  ordinary 
(ethylic)  alcohoL  Some  of  tlie  etliers  thus  formed  exliibit  a  highly  agreeable 
odour,  and  are  tlierefore  used  in  perfumery,  and  for  the  flavouring  of  sweetmeats, 
bon-bons,  &c. 

As  for  many  of  the  applications  of  potato-spirit  the  fusel  oil  is  a  disadvantage, 
the  spirit  has  therefore  to  be  submitted  to  an  operation  of  rectification  whereby  the 
fusel  oil  is  got  rid  of.  The  suggestions  which  have  been  made  for  this  purpose  refer 
either  to  the  destruction  of  the  fusel  oil  by  oxidation  or  the  action  of  chlorine,  or  the 
masking  of  the  oil  and  its  conversion  into  less  disagreeable  compounds;  partly 
also  to  a  real  removal  of  the  fusel  oil  from  the  spirit.  When  the  fusel  oil  con- 
taining spirit  is  rectified  over  chloride  of  lime  (bleachlng-powder),  permanganate  of 
potassa,  &c.,  valerianate  of  fusel-ether  is  formed;  but  since  the  action  of  these 
reagents  is  not  limited  to  the  amylic  alcohol  but  extends  to  the  ethylic,  it  is 
very  difficult  to  acyust  the  quantity  of  these  reagents  so  that  only  the  amylic 
alcohol  be  acted  upon.  If  the  spirits  from  which  the  fusel  oil  is  to  be  re- 
moved are  treated  with  a  mixture  of  sulphuric  acid  and  vinegar,  there  is  formed^ 
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Hydrochloric  and  nitric  acids.  al:jO  used  to  Tciiiove  fusel  oil.  act  i 
similar  manner.  Tlic  must  Approved  method  of  removing  the  fusel  oil  is  by  mesna 
of  well-burnt  charcoal  (vegetable  cliarconl,  chaired  peat,  hoDe>black),  which,  when 
brought  into  contact  with  tlie  crude  spirit,  absorbs  tlie  fusel  oil  median ically.  By 
the  aid  of  cliarcoul.  spirits  and  brandy  (not  when  obtained  from  winel,  are  purilied 
eitlier  in  the  sUte  of  vapour,  or  by  digestion  with  the  charcoal,  and  filtration  at  iho 
ordinary  temperature  of  the  air;  rectification  at  boiUng  temperature  over  charcoal 
it  altogether  unsuitable,  owing  to  tlie  fact  that  the  fuaol  oil  absorbed  by  the 
charcoal  ia  a^n  readily  dissolved  at  that  temperature.  The  charcoal  to  be 
employed  ia  granulated  and  passed  through  a  sieve  in  order  to  remove  adhe- 
ring dust.  The  granulated  charcoal  is  placed  in  a  copper  cylinder,  filled  at  top 
and  bottom  with  a  perforated  plate  or  disc;  tliis  cylinder  is  connected  with  the 
distilling  apparatua  between  the  dephlegmator  and  rectificator  in  such  a  maimer  tliat 
the  Tapoure  pass  through  the  cliarcoal.  To  loo  litres  of  brandy  to  be  pnrificd  3  to  5 
litres  of  granulated  charcoal  are  generally  required ;  this  can  be  again  employed  after 
having  been  re-bumt  at  a  bright  red  heat.  Falkman'a 
Apparatua  consists  of  a  helm-shaped  vessel,  a.  Fig.  242. 
in  which  the  perforated  diaphragms,  bbh,  are  placed  ; 
upon  cacli  diaphragm  a  layer  of  charcoal,  snrmonuted 
f  with  a  cover,  c.  is  placed.  The  apparatus  is  closed 
with  a  hollow  covet  containing  a  layer  of  charcoal, 
'  lid,  Tlie  vessel  a  is  snrrounded  by  a  cooling  appa- 
ratus, which  in  the  cut  is  represented  by  the  cold  water 
tabes.///,  and  the  hot  water  (which  becomes  hot  by  the 
paaBage  of  alcoholic  vapours  thronoh  a)  tubes,  teft; 
these  serve  tlie  purpose  of  regulating  the  temperature 
of  the  layers  of  charcoal. 

it>UDiAiaihiiL  The  quantity  of  alcohol  obtainable  from 
any  given  substance  does  not  only  depend  on  the  rela- 
tive quantity  of  the  alcohol -forming  constituents 
e  sugar)  of  the  raw  material  applied  for  the  purpose 
of  distillation,  but  depends  very  largely  also  on  the  more  or  less  suitable  mode  . 
of  conducting  all  the  operations  of  the  spirit  distillation  (mashing,  fermentation),  in 
properly  constructed  apparatus.  Leaving  out  of  the  question  the  small  quantities 
of  glycerine  and  succinic  acid  formed  by  vinous  fermentation,  chemistry  teaches 
thatl- 

100  parts  of  starch  yield  5678  of  alcohol. 


Istarch.  dextrose.  0 


dextrose 


53-8. 


Experience  teaches  that  the  yield  of  alcohol  is  in  praStice  less  than  it  should  be. 
premising  that  every  i  mol.  of  starch  or  sugar  yields  2  mols,  of  alcohol :  100  parts  of 
cane  sugar  do  not  yield  in  practice  the  quantity  of  alcohol  above  indicated — viz.  53'& 
parts,  but  only  51'!. 
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loo  kilos,  of  barley  give  44*64  litres  of  corn  brandy  at  50**  Tralles. 

100        „        barley-malt      „     5496        „  „ 

100        „         wheat  „      49*22        „  „  „  „ 

100        „         rye  „     45*8<>       i»  »»  ».  ».  .t 

100        „         potatoes  „     1832       „        potato  spirit     „ 
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6  litres  (quart  or  maas)  of  brandy,  from  the  metrical  hundredweight  (hectolitre,  Ac.), 
is  reckoned  to  yield  6x50  =  300  per  cent  alcohol;  7  litres,  consequently,  350; 
S  litres,  400.  8  litres  at  48  per  cent  Tralles  =  384  per  cent  alcohol.  The  number  of 
litres  of  brandy  or  spirit  multiplied  by  the  alcohol  in  percentage  according  to 
Tralles  tlierefore  yield : — 

metrical  cwt.  of  barley  4464  X  50  =  2232  per  cent  alcohol. 

barley-malt      5496  X  50  =  2748         „  „ 

„       wheat  4922  X  50=2461         „  „ 

rye  4580x50=2290         ».  „ 

„       potatoes  18*32X50=   916         „  „ 

Usually  I  Bavarian  maas  is  taken  as  equal  to  1*069  litres,  i  Prussian  quart  =  1*145 

litres. 

In  quoting  the  prices  in  the  following  foreign  markets,  it  is  usual  to  take  as 

a  unit — 

In  Breslau  4,800  (  60  quarts  at  80^). 

In  Berlin  10,800  (200        „        54*"). 

In  Magdeburg     14,400  (180        „        80''). 

Recently  it  has  become  general  to  adopt  as  a  unit  8000  (100  quibrts  at  80°). 

AieohoioiiMtry.      For  the  purposc  of  ascertaining  the  quantity  of  alcohol  contained  in  ar 
fluid  which  consists  only  of  alcohol  and  water,  the  areometer,  or  alcoholometer,  is 

AzMBMicr.  generally  employed.  The  vaporimcter  and  the  ebullioscopo  (see  p.  395) 
are  seldom  used.  The  application  of  the  areometer  is  based  upon  the  principle  that  a 
body  immersed  in  a  fluid  (for  instance,  water)  always  displaces  a  quantity  of  water- 
equal  to  its  own  volume,  and  loses  in  weight  proportionately  to  the  quantity  of  water 
displaced.  It  therefore  follows,  that  by  the  depth  to  which  the  areometer  sinks,  a» 
noted  by  the  degrees  on  the  spindle,  we  can  determine  the  quantity  of  absolute 
alcohol  contained  in  the  fluid  under  examination.  The  areometer  of  Tralles  and  that 
of  Richter  are  most  generally  used  in  Germany.  Stoppani's  is  similar  to  tint  of 
Rtchter.  Both  are  centesimal  alcoholometers  and  show  by  the  number  of  the  degree 
to  which  they  sink  the  percentage  of  pure  alcohol.  The  difference  between  these 
two  instruments  consists  in  that  the  areometer  of  Tralles  indicates  percentage  by 
volume,  and  Richter  s  percentage  by  weight.  Tralles's  alcoholometer  is  much  used 
in  the  ZoUverein  (German  Custom's  Association,  viz.  of  the  various  States  constitu- 
ting, with  the  exception  of  Luxemburg,  the  German  Empire)  for  the  purpose  of 
ascertaining  the  alcohol  contained  in  spirituous  liquors  (at  I4'44''  R.) ;  in  Austria  the 
same  instrument  is  used,  with  a  difference,  however,  in  the  temperature  at  which 
the  observation  is  made,  the  degree  of  the  thermometer  being  usually  taken  at 
12**  R.  (=i5'*C.) 

The  following  table  exhibits  a  comparison  of  both  scales,  and  with  the  true 
weight  per  cent,  along  with  the  corresponding  specific  gravity  at  a  temperature  of 
iS'^C.:— 
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Sp.gr. 

True  weight 
per  cent. 

per  cent  according 

x-ercenisf 
volnme  ace 

to  Bichter. 

toTraU 

0*990 

4*99 

5 

623 

0*981 

nil 

10 

1373 

0972 

1812 

15 

22'20 

0964 

2483 

20 

3016 

0956 

2982 

25 

3650 

0947 

35*29 

30 

4212 

0*937 

4066 

35 

4800 

0926 

4600 

40 

53-66 

0915 

5102 

45 

5882 

0-906 

5485 

50 

6265 

0899 

6034 

55 

6796 

0-883 

6479 

60 

72*12 

0872 

6979 

65 

76*66 

0-862 

7466 

70 

80-36 

0850 

78-81 

75 

84*43 

0838 

8372 

80 

88*34 

0827 

8836 

85 

91-85 

0815 

9254 

90 

9505 

0805 

9677 

95 

97"55 

0795 

9960 

100 

9975 

The  most  nsnal  alcoholometer  is  that  which  indicates  the  percentage  of  volume,  or  how 
many  volumes  of  absolute  alcohol  there  are  contained  in  100  volumes  of  the  aicoholio 
fluid.  Brandy  of  50**  Tralles  is  therefore  understood  to  be  a  spirit,  100  litres  of  which 
contain  50  litres  of  alcohol ;  and  from  which  by  distillation  these  50  litres  of  alcohol  can 
be  extracted.  Considering  that  when  alcohol  and  water  are  mixed  a  considerable  contrac- 
tion and  declrease  of  bulk  is  the  result,  it  is  clear  that  50  litres  of  alcohol  (absolute  is  here 
meant)  and  50  litres  of  water  will  only  yield  a  mixture  measuring  96*377  litres ;  and 
accordingly  100  litres  of  such  a  fluid  contain  instead  of  50  litres  of  alcohol,  51*88  litres  of 
that  liquid. 

BdAUon  of  Bimndj  The  relation  of  the  distillation  industry  to  agriculture,  and  more 
DUtming  to  Affricuitnn.  especially  as  a  means  of  providing  fodder  for  cattle,  is  very  interesting 
and  important.  The  distillation  of  spirits  leaves  a  residue  which  may  be  usefully  employed 
as  fodder  for  cattle ;  the  distillatory  process  extracts  from  the  starch-containing  materials 
which  are  employed  only  the  alcohol  which  is  formed  in  the  mash  by  fermentation,  but  it 
leaves  behind  in  a  concentrated  state  all  the  nutritive  substances  (especially  albumen 
compounds),  which  not  being  acted  upon  by  the  fermentation,  are  left  in  the  residues  in 
almost  the  same  state  as  they  were  originally  present  in  the  potatoes  and  grain  made  use 
of  by  the  distiller.  It  is  evident  that  when  the  expenses  of  the  production  of  the  spirits 
are  paid  to  the  distiller,  the  residues  of  the  operation  become  a  vtduable  material  obtained 
cost  free,  the  production  of  which  is  an  important  item  in  this  industry. 

Viewed  in  the  light  of  agricultural  industry  the  preparation  of  spirits  from  potatoes 
becomes  in  reality  a  chemical  decomposition  of  the  substances  of  which  potatoes  are  com- 
posed, and  a  product  of  a  relatively  far  greater  value,  and  more  readily  transportable 
and  preservable— viz.,  spirits  and  wash,  and  fodder  material. 

Tb«  BMidM  or  WHh.  The  wash  is  a  fluid  in  which  starch,  dextrine,  pectin  substances,  pro- 
tein compounds,  fat,  small  quantities  of  sugar,  husks  of  grain,  succinic  acid,  glycerine, 
salts,  and  some  of  the  constituents  of  yeast  are  met  with,  partly  in  solution,  partly  sus- 
pended, while  some  of  these  materials  are  more  or  less  decomposed  and  altered.  The 
quantity  of  dry  substance  only  amounts  to  from  4  to  10  per  cent ;  this  is  due  to  the 
Tarying  nature  of  the  raw  material,  to  the  quantity  of  water  used  in  mashing,  and  to 
the  unequal  quantity  of  water  absorbed  by  the  fermented  mash  during  the  process  of  dis- 
tillation. 
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BitthaQsen  analysed  several  varieties  of  wash  with  the  following  results,  the  proportion 
of  dry  substance  to  the  water  being  in  (I.)  as  i :  7*3 ;  in  (II.)  as  i :  6  ;  in  (III.)  as  i :  4*08 ; 
in  (IV.)  as  1 : 4 ;  in  (V.)  as  i :  3  : — 

I.  n.  m.         IV.         V. 

Non-nitrogenous  substances  278  3*23  3*08  4*14  5*31 

Protein  compounds     ..     ..  0*82  1*04  1*26  i'39  178 

Cellulose       0*46  0*43  0*94  078  i*oo 

Ash        0*52  o'59  072  079  I'oi 

Water QSH^'  94'7i  94*00  92*90  90*90 

When  in  a  distillery  potatoes  and  malt  are  always  used  in  equal  quantities  and  of  the 
same  quality,  and  the  mash  made  at  the  same  degree  of  concentration,  the  wash  will 
always  be  of  nearly  as  possible  the  same  composition.  It  may  be  assumed  that,  on  an 
average,  three-fourths  of  the  solid  matter  met  with  in  the  wash  is  nutritive;  the 
proportion  of  nitrogenous  to  non-nitrogenous  matter  is  on  the  average  as  i :  3,  while 
in  the  potato  it  is  only  as  1:8.  When  the  potatoes  are  converted  into  wash  they  lose 
the  greater  part  of  their  non-nitrogenous  matter,  and  thus  become  a  fodder  rich  in 
protein  compounds.  Li  practice,  150  to  250  kilos,  of  potato  mash  are  considered 
equivalent  to  50  kilos,  of  hay. 

DryTeart.  By  the  fermentation  of  the  beer- wort  containing  hops,  yeast  is  pro- 
duced in  large  quantities,  and  tills  is  used  in  most  cases  when  it  is  desired  to  induct 
a  vinous  fermentation ;  but  for  some  purposes,  such  as  bread-making  for  instance, 
tills  yeast  is  not  applicable  o^^4ng  to  its  containing  much  of  the  bitter  principle  of 
the  hop,  and  tlierefore  possessing  a  verj'  disagreeable  flavour.  This  bitter  principle 
may  be  removed  by  tliorouglily  washing  with  cold  water,  or,  as  recommended  by 
Troramer,  by  first  dissolving  the  yeast  in  a  solution  of  caustic  alkali,  and  then  pre- 
cipitating it  tlierefrom  by  means  of  dilute  sulphuric  acid :  such  proceedings,  how- 
ever, nlwaj's  impair  the  eihcacy  of  the  yeast  as  a  ferment,  and  the  additional  amount 
of  time  and  labour  required  necessai-ily  culiances  tlie  price  of  the  yeast.  The  pro- 
duction of  yeast  in  breweries  is,  moreover,  only  a  subordinate  affair,  the  main 
point  being  tlie  prepai*ation  of  beer  of  good  quality.  The  production  of  yeast, 
although  it  can  only  be  obtained  by  vinoun  fermentation,  is  best  combined  with  the 
distillation  of  spirit,  whereby,  if  desired,  the  preparation  of  dr^'  yeast  may  be  made 
a  principal,  and  the  production  of  spirit  to  a  certain  extent  a  subordinate, 
af&ir. 

We  have  in  a  former  portion  of  this  work,  while  treating  on  fermentation  in  general, 
explained  the  mode  of  formation  and  tlie  nature  of  the  yeast,  and  that  this  yeast  has 
been  proved  by  experience  to  be  best  fed  and  most  rapidly  propagated  by  the  gluten 
and  other  protein  compounds  of  tlie  cereals  in  solution.  Yeast  may  be  made  in  various 
ways.  At  Schiedam  (Holland)  it  is  made  of  excellent  quality  by  a  mode  which  is  to 
a  certain  extent  a  trade  secret — and  differs  materially  from  the  following  process : — 
A  mash  is  made  in  tlie  ordinary  manner  of  i  part  of  bruised  barley  malt  with 
3  parts  of  bruised  rye,  tlie  mash  being  cooled  with  the  fluid  portion  of  the  wash. 
To  100  kilos,  of  the  bruised  grain  is  added  0*5  kilo,  of  carbonate  of  soda  and  0*35 
kilo,  of  sulphuric  acid  diluted  witli  water ;  these  ingredients  having  been  added  to 
the  mash  it  is  brought  to  fennentation  by  the  aid  of  yeast.  The  newly-formed 
yeast  is  removed  from  the  strongly -fermenting  fluid  by  tlie  aid  of  i>erforated  ladles ; 
it  is  then  strained  through  a  linen  cloth  or  fine  sieve,  and  poured  into  cold  water, 
wherein  it  is  allowed  to  form  a  sediment.  The  sediment  tlius  produced  is  col-, 
lected  after  the  supernatant  water  has  been  run  off,  is  placed  in  a  stout  canvas 
bag  under  a  press,  and  formed  into  a  stiff  clayey  dough,  to  which  usually  4  to  10 
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(sometimes  as  much  as  24)  per  cent  of  dry  potato  starch  is  added.  Sometimes  the 
water  is  removed  from  the  yeast  by  placing  that  substance  upon  slabs  made  oi 
gypsTun  or  other  absorbent  materials,  care  being  taken  to  keep  the  yeast  in  a 
cool  place ;  by  the  use  of  the  hydro-extractor — expressly  arranged  as  regards  it« 
construction  for  this  purpose — ^yeast  may  be  very  rapidly  rendered  dry.  As  regards 
the  use  of  the  carbonate  of  soda,  it  appears  to  assist  in  the  separation  of  the  glu- 
tinous constituents  of  the  cereals ;  the  action  of  the  sulphuric  acid  is  partly 
similar,  and  it  also  prevents  the  formation  of  lactic  acid,  which,  if  formed,  causei 
a  loss  of  both  starch  and  spirit ;  the  sulphuric  acid  also  accelerates  tlie  separation  oi 
the  yeast.  According  to  communications  by  some  of  the  most  eminent  distillers  a1 
Schiedam  to  Dr.  G.  J.  Mulder,  neither  soda  nor  sulphuric  acid  are  used  si 
Schiedam  in  the  preparation  of  what  the  trade  terms  dry  or  German  yeast,  some  01 
which  is  imported  into  this  country  from  Hamburg.  Assuming  the  researches  oi 
Pasteur  and  others  on  fermentation  to  be  correct,  these  observations  are  of  great  value 
in  reference  to  the  manufacture  of  yeast.  It  is  found  that  the  yeast  sporulse  becomi 
properly  developed  when  they  are  placed  in  a  fluid  which,  instead  of  containing 
protein  compounds,  consists  of  aqueous  saline  solutions  mixed  with  a  sugai 
solution,  such  as,  for  instance — tartrate  of  ammonia,  phosphate  of  potash,  gypsum 
phosphate  of  magnesia.  It  would  hence  appear  that  under  such  conditions  yeasi 
oells  t^ke  up  the  material  for  the  propagation  of  new  cells,  partly  from  inorganic 
substances,  partly  from  organic,  viz.,  the  decomposing  sugar  which  yieldf 
carbonic  acid:  in  this  respect  the  yeast  cells  agree,  then,  witli  higher  organised 
plants.  As  regards  the  quantity  of  yeast  obtainable  from  a  given  weight  oi 
materials,  it  may  be  stated  that  from  100  kilos,  of  rye,  including  the  bruised  malt 
about  15  to  16  kilos,  of  dry  yeast  can  be  obtained.  As  the  quantity  of  real  yeasi 
or  of  the  nitrogenous  matter  for  sale  present  in  the  ready  prepared  dry  yeast  amounte 
at  the  most  to  20  per  cent,  the  nutritive  value  of  the  wash  obtained  after  the  dis- 
tilling off  of  the  spirits  frcm  tlie  fermented  liquid  is  but  little  impaired. 

so^aiiad  ArtUeui  Temrt.  We  have  yet  to  refer  to  what  is  termed  artificial  yeast,  in  realit] 
a  Bubstanoe  only  intended  for  transferring  the  fermentation  of  the  wort  or  mash  ii 
activity  to-day  to  a  fresh  batch  to-morrow,  so  that  it  bears  the  same  relation  to  the 
spirit  preparation  as  leaven  does  to  bread-baking.  There  are  a  great  number  01 
redpes  for  the  preparation  of  artificial  yeast  and  of  artificial  fermentation-indueinc 
snbBtances;  as  far  as  these  are  known  they  may  be  brought  to  the  following  oate 
gories: — i.  A  small  quantity  of  fully  and  strongly  fermenting  mash  is  mixed  wiU 
fresh  mash.  2.  A  small  quantity  of  the  fluid  portion  of  the  fermenting  masl 
is  cautiously  drawn  off  by  the  aid  of  a  syphon,  and  this  portion  having  been  eel 
into  fermentation,  is  added  to  the  freshly  made  mash  of  the  next  day.  3.  As  sooz 
as  in  the  last-made  mash  the  fermentation  is  strongest  and  most  active,  a  smal 
quantity  of  the  ferment  (yeast)  separated  from  the  fluid,  and  floating  on  its  surface,  h 
mixed  with  freshly  made  mash,  the  temperature  of  which  has  been  purposely  mad< 
sufficiently  high  to  start  the  fermentation.  The  mash  thus  prepared  may  be  used  aftei 
a  few  hours  to  induce  fermentation  in  a  freshly  made  mash.  A  really  artificial  yeast 
that  is,  yeast  only  prepared  for  the  purpose  of  obtaining  that  substance  by  itself  anc 
independent  of  either  brewing  or  dintiUing,  is  made  in  various  ways,  but  always  by  a  rea 
process  of  fermentation.  As  an  excellent  instance  of  this  mode  of  preparation,  we  quoti 
the  mode  of  preparing  Vienna  yeast : — 

vieniuTMwt.  This  yeast  is  prepared  in  the  following  manner: — Previously-maltec 
barley,  mats,  and  rye  are  ground  up  and  mixed,  next  put  into  water  at  a  temperature  o 
65**  to  75°;  after  a  few  hours,  the  saccharine  liquid  is  decanted  from  the  dregs,  anc 
the  clear  liquid  brought  into  a  state  of  fermentation  by  the  aid  of  some  veast.  Th< 
fermentation  becomes  very  strong,  and,  by  the  force  of  the  carbonic  acid  which  is  evolved 
the  yeast  globules  (the  size  of  which  averages  from  10  to  12  m.m.)  are  carried  to  th< 
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BTirface  of  the  liqtiid,  and,  forming  a  thick  scum,  are  removed  by  a  skimmer,  then  placed 
on  cloth  filters,  drained,  washed  with  a  little  distilled  water,  and  next  pressed  into 
any  desired  shape  by  means  of  hydraolio  pressure,  and  covered  with  a  strong  and  well 
woven  canvas.  This  kind  of  yeast  keeps  for  eight  to  fourteen  days  according  to  the  season, 
and  is,  both  for  bakers  and  brewers,  very  superior  to  that  ordinarily  used ;  the  extra  good 
qualities  of  Vienna  beer  and  bread  are  partly  due  to  the  use  of  this  yeast  in  preparing 
these  articles. 

Duty  on  Spiriti.  In  the  original  work  a  couple  of  pages  are  devoted  to  an  uninteresting 
discussion  on  this  subject,  which,  as  might  be  expected,  has  been  treated  not  from  a 
general  point  of  view  but  from  one  bearing  upon  conditions  which  are  altogether 
different  from  those  existing  in  this  country.  There  can  be  no  doubt  that  a  duty 
on  spirits  is  a  very  excellent  thing ;  indeed,  in  this  country  this  tax  brings  in  such  an 
enormous  sum  as  to  lead  to  the  inference  that  spirits  are  consumed  in  larger  quantities 
than  is  consistent  with  healthy  conditions  of  body  and  social  comfort. 

Brfad  Baking. 

Modes  of  Bread  MaUnit.  The  preparation  of  bread  aims  at  the  production  in  the  fionr 
obtained  by  grinding  up  the  cereals  of  such  a  chemical  and  physical  condition  as 
^-iU  tend  to  render  it  most  readily  masticated  by  the  teeth,  and  after  having 
been  duly  mixed  with  saliva  in  the  mouth,  digested  by  the  juices  of  the  stomach. 
When  flour  is  mixed  with  water  so  as  to  form  a  dough,  and  this  mixture  dried  at  the 
ordinary  temperature  of  the  atmosphere,  a  kind  of  cake  is  obtained  which  contains  the 
starch  unaltered  and  in  an  insoluble  state,  so  that  this  kind  of  cake  is  very  difficult 
to  digest,  while,  moreover,  its  taste  is  so  unpleasant  as  to  create  no  appetite. 
Again,  if  the  cake  is  dried  at  the  boiling-point  of  water,  it  becomes  like  a  dried 
starch  paste,  which  is  also  very  difficult  to  digest.  When  this  temperature  only  acts 
upon  the  surface  of  such  dough,  and  does  not  penetrate  into  the  interior,  the  resulting 
cake  will  be  a  mixture  somewhat  similar  to  ship's  biscuit,  which  may  always  bo 
considered  as  a  strongly-dried  dough,  and  although  it  may  be  preserved  for  almost 
anj  length  of  time,  it  is  far  less  digestible  than  bread.  The  object  of  the  baking 
process  is  to  impart  to  the  dough  so  high  a  degree  of  heat  as  to  render  the  starch 
soluble,  while  it  is  further  desired  to  form  a  light  spongy  mass,  instead  of  a 
brittle  or  watery  paste ;  the  heat  should  be  strong  enough  to  torrify  and  roast  the 
outer  surface  of  the  bread  mass  to  such  an  extent  as  to  form  a  deeply  coloured 
crust,  whereby  not  only  the  taste  of  the  bread  is  greatly  improved,  but  it  can 
also  be  kept  in  good  condition  for  some  time.  The  usual  means  of  rendering 
dough  spongy  is  by  vinous  fermentation  set  up  by  the  addition  of  a  ferment,  this 
being  either  leaven  or  yeast;  a  small  portion  of  the  starch  of  the  flour  is  thus 
converted  into  glucose,  which  is  then  decomposed,  yielding  alcohol  and  carbonic  acid 
gas;  the  latter,  while  trying  to  escape,  is  prevented  from  doing  so  by  the  toughness 
of  the  dough,  which  is  thereby  rendered  spongy. 

The  alcohol  is  of  no  consequence  whatever.  White  bread  is  prepared  with 
wheaten  flour  and  yeast ;  rye  meal  or  a  mixture  of  rye  meal  and  wheaten  flour  with 
leaven,  yields  '*  black"  or  rye  bread.  Heeren  found  that  flour  in  the  state  in 
which  it  is  usually  applied  for  bread  baking  contains  an  average  of  13  per  cent 
moisture. 

TiM  Deuii*  of  Bnftd  Bakinf .  The  raw  materials  employed  in  the  preparation  of  bread  are 
flour,  water,  and  a  ferment;  salt,  spices,  &c.,  are  also  used.  The  composition  of  the 
most  important  kinds  of  flour  and  meals  is  as  follows : — 
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a,  b,  c,  d» 

Water 1554  14*60  1400  1170 

Albumen       134  i'56  1*20  1*24 

Vegetable  glue     176  292  3*60  325 

Casein 037  090  1*34  015 

Fibrin    5*19  736  824  14*84 

Gluten 350  —  —  — 

Sugar    2-33  346  3*04  219 

Gum      625  410  6*33  2'8i 

Fat         107  180  223  567 

Starch 63*64  6428  5315  58*13 

Sand      —  —  685  — 

a.  Wheat  flour,    b.  Bye  meal.    c.  Barley  meal,    d.  Oatmeal. 

In  addition  to  these  kinds  of  meal,  those  derived  from  zea-mais  (Indian  com) 
beans,  peas,  &c.,  are  occasionally  ^mplo^ed  for  making  bread. 

The  principal  phases  of  tlie  preparation  are : — 

""•udlSf  &iSdh5!****  ^'  '^^^  mixing  of  tlie  flour  with  water  is  the  first  manipulation 
of  the  baking  process.  The  object  of  this  operation  is  first  to  render  dextrin  and 
sugar  (owing  to  the  action  of  tlie  gluten  upon  the  starch,  the  quantity  of  sugar 
becomes  increased  while  tlie  mixing  process  is  .going  on)  and  some  albuminous 
substances  soluble,  and  next  to  mix  the  solution  thus  formed  thoroughly  with 
the  starch  and  gluten  of  the  flour,  and  to  soak  and  somewhat  dissociate  these 
substances ;  diy  yeast  or  leaven  are  at  the  same  time  added  to  the  bread  mass,  the 
former  ferment  being  used  when  it  is  intended  to  make  white;  the  latter  when 
black  bread  is  desired  to  be  made. 

By  sour  dough  or  leaven  is  imderstood  that  portion  of  the  already  fermenting 
dough  which  is  set  apart  and  kept  for  the  next  baking  operation ;  it  consists  of  a 
mixture  of  flour  and  water,  in  which  a  poilion  of  the  starch  is  converted — 
partly  into  sugar,  wliich  is  again  changed  by  vinous  feiTnentation,  and  acetic 
acid — ^but  chiefly  into  lactic  acid,  by  a  process  of  fermentation  set  up  by  the 
peculiar  conversion  into  active  ferments  of  the  protein  compounds  of  the  floni 
itself.  Leaven  tlierefore  acts  as  a  fermentation-producing  substance  in  a  fresh 
batch  of  dough,  its  action  being  similar  to  that  of  yeast,  or  of  already  fermenting 
wort  when  added  to  a  fieslily  made  wort.  After  a  length  of  time  the  leaven 
becomes  putrid  and  unfit  for  use  as  a  ferment.  As  regards  the  quantity  of  leaven 
to  be  used  with  the  dough  nothing  definite  can  be  said,  since  it  depends  as 
much  on  tlie  degree  of  sourness  of  tlie  leaven  as  on  the  quality  of  the  bread  in- 
tended to  be  made ;  usually  4  parts  of  leaven  are  added  to  100  parts  of  flour,  or  tc 
80  parts  of  bread  3  parts  of  leaven.  In  the  case  of  white  bread,  100  parts  of  flora 
require  2  parts  of  dry  yeast.  The  mixing  of  the  flour  is  effected  with  lukewarna 
water,  at  a  tempei-ature  of  from  21°  to  37°. 

Encoding.  The  thin  dough  obtained  from  flour,  water,  and  ferment,  is  dredged  ovei 
with  dry  flour,  and  placed  in  a  warm  situation  for  a  time,  generally  during  the 
night.  Fermentation  is  thus  set  up  by  the  action  of  the  ferment  upon  the  dextrose 
of  the  dough,  the  carbonic  acid  developed  rendering  the   dough  spongy.     The 
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sponge  thus  prepared,  is  next  mixed  with  more  flour  to  bring  it  to  the  consistency  ^ 
required  for  the  baking,  this  operation  being  known  as  the  kneading  of  the 
sponge.  The  metliod  usually  employed  in  these  operations  is  that  one-third  of - 
the  total  quantity  of  flour  requii'ed  for  a  batch  is  mixed  flrst  with  water  and 
ferment,  and  when  tlus  mass  has  come  into  full  fermentation,  the  two  other  thirds 
of  flour  are  kneaded  up  along  with  the  sponge,  sufficient  water  being  added  to 
form  a  normal  dough.  After  the  kneading  operation  the  dough  is  again  dredged 
over  witli  some  dry  flour,  and  left  in  a  warm  situation  for  the  purpose  of  becoming 
thorougiily  spongy :  for  this  continued  fermentation  only  about  half  the  time  is 
required  as  for  the  flrst- mentioned  fermentation.  In  most  bakeries,  however,  this 
second  fermentation  is  not  proceeded  witli,  but  the  dough  is,  immediately  after 
having  been  kneaded,  cut  up  and  shaped  into  loaves. 

By  means  of  tlie  kneading  the  dough  becomes  squeezed  together,  and  has,  there- 
fore, again  to  be  left  in  a  warm  situation  for  furtlier  fennentation,  during  which 
it  heaves  up  and  increases  to  double  its  size.  The  dough  is  generally  put  either  into 
a  basket  or  tied  in  a  stout  clotli,  wliich  is  previously  dusted  over  with  bran  to 
prevent  tlie  pasty  mass  adhering  to  the  cloth.  The  bulk  of  the  dough  increases 
twofold.  Wlien  rye  bread  is  made,  tlie  dough  is  frequently  moistened  on  its 
external  surface  witii  lukewarm  water,  applied  by  the  aid  of  a  brush,  in 
order  to  prevent  cracks  in  the  outer  coating  of  tlie  dough  by  the  evaporation 
of  the  water;  just  before  putting  the  loaves  into  tlie  oven  this  brushing  over 
with  water  is  repeated.  The  water  softens  the  outer  surface  of  tlie  dough, 
and  dissolves  some  of  the  dextiine  it  contains,  which  substance,  after  the  evapo- 
ration of  the  water  from  the  sui*face,  remains  as  a  glaze  upon  the  crust  of  this 
kind  of  bread.  When  the  loaves  have  risen  sufficiently  and  exhale  a  vinous 
peculiar  odour,  it  is  time  to  commence  tlie  baldng  process.  Since  tlie  bread  loses 
considerably  in  weight  during  tlie  baking,  the  baker  must  proportion  so  much  dough 
to  each  loaf  before  baking  as  will  yield  the  legal  weight  of  the  baked  bread.  The 
weight  of  dough  to  be  propoilioned  to  a  loaf  of  a  certain  flxed  weight  varies 
according  to  the  size  of  the  loaf,  but  increases  comparatively  with  decrease  in  the 
size  of  the  loaf.  The  dough  generally  loses  in  baking  about  25  per  cent  of  its 
weight.  The  smaller  the  loaf,  the  more  crust  in  proportion  to  crumb :  and  since  the 
crust  contains  less  moisture,  and,  consequently,  weiglis  less  than  the  crumb, 
t^e  loss  of  weight  is  greater  in  a  small  than  in  a  large  loaf. 

KaMding  Machinal.  The  kneading  of  the  dough  by  hand  is  not  only  very  heavy 
work,  but  is  unhealthy  and  objectionable  on  account  of  being  unclean;  the 
uniform  quality  of  the  dough  is,  moreover,  by  no  means  to  be  depended  upon. 
Although  it  is  impossible  to  perform  by  machinery  any  labour  which  absolutely 
requires  the  touch  of  the  human  hand,  bread-kneading  machines  have  been 
introduced  wherever  the  making  of  only  one  and  the  same  kind  of  bread  is 
required.  Among  the  numerous  kinds  of  machines  invented  for  tliis  purpose  we 
select  for  description  that  of  Clayton  (see  fig.  243.)  The  constituents  of  the  dough 
are  placed  in  the  cylinder,  a,  mounted  in  the  framework,  b  h,  and  provided  witli 
hollow  axles,  c  and  J,  turning  in  their  bearings  at  e.  The  interior  of  tlie  cylinder  is 
fitted  with  the  framework,/,  which  may  be  made  to  revolve  by  aid  of  the  axles  g  and  h. 
The  two  halves  of  this  framework  are  connected  together  by  the  diagonal  knives,  i  i, 
which,  when  the  machinery  revolves,  work  up  the  dough;  the  trough  or  outer 
cylinder  revolves  in  the  opposite  direction  to  the  revolution  of  the  framework.    Thc| 
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cmnk,  o,  u  connected  Willi  Uie  axle  of  the  trough  or  outer  cylinder ;  the  enmk,  f, 
with  that  of  the  inuer  framework  Aa  the  two  cranks  are  tamed  in  opposite 
directions  they  unput  oppoeite  movements  to  trough  and  framework.     The  revolving 


of  the  machinery  may  be  performed  by  one  man  by  the  aid  of  one  crank,  since  tha 
axle,  h,  of  the  crank,  o  which  is  fitted  to  the  inner  frame  by  means  of  the  hollow 
axle-tree,  and  revolTes  along  with  it,  carnes  a  comcaUr  shaped  wheel,  m,  fitted  to 
the  wheel  k,  which  being  connected  with  I  causes  the  trougli  also  to  revolve ;  when, 
therefore,  the  wheel  m  turns  towards  the  ngbt,  the  wheel  t  will  revolve  towards 
the  left. 

ibaOro.  The  conversion  of  the  prepared  dongh  into  bread  by  baking  is  effected 
in  an  oven,  ordinarily  a  circular  or  oval  hearth  or  Aimace,  spanned  by  a  vault, 
constructed  with  an  openmg  at  one  end  termed  the  mouth  serving  slike  for  the 
introduction  both  of  bread  and  of  the  fuel  The  oven  is  bnilt  of  bricks  cemented 
together  vnth  fire  clay  the  sole  of  the  hearth  being  laid  with  tiles  or  lined  with 
fire-clay.  The  vault  is  uBuaUy  elbptical,  m  order  to  reflect  the  beat  as  mncb  as 
possible.  The  mouth  is  closed  with  a  door  made  of  boUer-plate  or  of  cast-iron ; 
and  as  the  mouth  also  serves  as  an  exit  for  the  smoke,  a  flue  is  conatmcted  at  some 
short  distance  above  it,  and  made  to  commnnicate  with  the  chimney.  Two  small 
openings  in  close  proximity  to  the  month  of  the  oven  serve  te  bum  therein  small 
pieces  of  wood  to  afibrd  light,  while  the  bread  is  being  placed  in  the  oven.  The  air 
necessary  for  the  combnstiou  of  the  fuel  enters  the  oven  from  the  lower  part  of  the 
month,  while  from  the  upper  the  gases  of  combustion  and  the  smoke  escape. 
It  is  preferable,  however,  te  construct  these  ovens  with  a  separate  fine  and 
chimney  conmrnnicating  with  another  part  of  the  vault,  and  te  fit  the  flue  with  a 
damper  to  regnlate  the  draught  of  the  fire.  Fig.  244  exhibits  the  vertical  seo- 
tion,  and  Fig.  245  the  plan  of  the  sole  of  a  baking  oven.  The  sole,  a,  which 
is  made  so  as  te  slope  upwards  tewarda  the  back  of  the  oven,  has  a  breadth 
of  31  metres,  and  a  depth  of  4  metres ;  it  is  spanned  by  a  vault  05  metn 
high.  The  moutb  is  0-8  metre  wide,  e  «  «  are  the  fines  through  which  the  gases 
of  combustion  pass  into  the  chimney,  n,  the  dranght  being  r^ulated  by  means  of 
the  damper,  u.  The  trench,  x,  afTorda  standing-room  for  the  baker.  Under  the  oven 
is  a  chamber  serving  as  a  stere-room  for  the  coal.  The  space  k  serves  as  a  hot 
room  wherein  the  bread  ii  placed  previous  to  being  pat  into  the  oven  in  order  that 
the  dough  may  rise.  Thoronghly  dried  wood  is  nsed  as  fuel;  it  is  placed  croM- 
wise  upon  the  hearth.    Coals  are  used  in  England  as  fuel  for  this  purpose.    Tht 
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oven  has  rmched  the  required  temperatiiie,  when  a.  piece  of  wood  rnbbed  on  the 
hearth  gives  aS  sparks.  The  glowing  charcoal  la  removed  through  the  montk  of 
the  oven,  and  extinguished  in  the  lower  chamber.  Before  the  bread  is  put  into  the 
oven  the  sole  is  carefully  cleaned  with  a  wet  swabber  fastened  to  ■  pole,  and  ash  and 


ciudera  having  been  removed  tlie  bread  is  put  into  the  oven  with  the  aid  of  an 
Dven-shovel.  fixed  to  a  very  long  handle.  The  proper  temperature  of  the  oven  for 
baking  is  between  200°  and  225°  C.  Before  the  loaves  are  put  into  the  oven  thij 
are  bruahed  over  witli  water  wherein  a  small  qaantily  of  flour  has  been  mixed,  in  order 
to  prevent  the  crust  of  the  breed  formed  by  tlie  first  action  of  the  beat  flying  off 
and  cracking  by  the  rapid  expansion 

of  the  vapours  formed  by  the^ieat  _  ^'°-  '*5- 

to  which  the  bread  is  exposed.  The 
steam,  which  after  some  time  fills 
the  oven,  materially  assists  the 
baking  process,  and  very  greatly 
aids  the  chemical  changes  which 
are  especially  apparent  in  the  crust, 
which  owes  its  glazed  appear- 
ance thereto.  The  time  necessary 
for  the  baking  varies  according  to 
the  size  of  the  loaves,  tlie  form, 
and  the  kind  of  bread.  The  nearer 
the  bread  approaches  to  a  globular 
form,  and  its  surface  therefore 
relatively  smallest  in  relation  to  its  contents,  so  much  the  longer  time  ia 
necessary  for  the  baking.  Black  bread  takes  a  longer  time  to  bake  than  white 
bread.  These  ovens  are,  however,  not  of  the  best  construction ;  it  is  evident 
that  they  c«nnot  be  uniformly  heated  throughout,  while  they  cool  unequally  also,  and 
«f  course  most  so  at  the  front  part  by  the  rushing  in  of  cold  air.  After  every  batoh 
of  bread  baked  it  therefore  becomes  necessary  to  fire  the  oven  again  for  a  short  time 
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before  a  fresh  batch  of  bread  is  put  into  it ;  of  course  less  fuel  is  required  to  bring 
up  the  requisite  temperature  again  than  will  be  required  when  firing  is  commenced. 
"When  the  baking  of  bread  is  carried  on  continuously  and  on  a  manufacturing 
scale,  ovens  are  employed  in  which  the  baking-  and  the  fire-rooms  are  separate  and 
distinct. 

sabrtitutet  for  the  Feimenu.      Substitutes  foT  the  Ferments  in  the  "  Raising  "  of  Bread. — ^We 
have  seen  from  the  preceding  details  that  the  preparation  of  bread  is  essentially 
based  upon  the  fact  that  by  tlie  act  of  fermentation  the  gluten  of  the  flour  forms  a 
kind  of  cellular  tissue  by  which  the  escape  of  the  carbonic  acid  is  prevented,  and  thus 
the  bread  rendered  porous  and  spongy,  whereby  its  digestibility  is  increased.     This 
quality  of  the  bread  is  obtained  at  the  cost  of  a  portion  of  the  starch  of  the  flour, 
which  is  first  converted  into  starch-sugar,  and  then  by  means  of  fermentation  into 
alcohol  and  carbonic  acid  gas ;  to  the  expansion  of  tlie  latter  tlie  bread  owes  its 
spongy  texture.      Many  attempts  have  been  made  for  the  purpose  of  effecting 
the  *•  raising "  of  the  bread,   as  it  is  termed,  without  tlie  use  of  a  ferment,  by 
introducing   into    the    dough  some    gas-  or  vapour-producing    substance,   which 
would  have  the  same  mechanical  effect  at  least  as  the  carbonic  acid  derived  from 
the  fermentation.    Although  the  problem  of  preparing  bread  of  good  quality  witliout 
the  aid  of  fermentation  cannot  be  said  to  be  quite  settled,  many  proposals  have 
been  made  in  this  direction,  and  some  of  these  deserve  notice ;  we  therefore  quote 
the  most  important.    When  sesquicarbonate  of  ammonia  (the  so-called  sal  cornu 
cervi  of  pharmacy)  is  added  in  small  quantity  to  the  dough,  it  wHl  cause  the  raising 
of  the  same,  partly  because  some  acid  is  always  present  in  the  dough,  whereby 
the  salt  is  decomposed  and  carbonic  acid  set  free,  partly  because  by  the  heat  of 
the  oven  the  salt  is  volatilised,  and  by  assuming  the  state  of  vapour  causes  the 
expansion  and  consequent  sponginess    of   the  dough.      Liebig    recommends  tlie 
addition  of  bicarbonate  of  soda  and  hydrochloric  acid  to  the  dough,  the  carbonic 
acid  being  evolved  according  to  the  formula  (NaHC034-HCl=NaCl+HaO+COa) 
with  the  formation  of  common  salt  which  remains  in  the  dough.    The  proportions 
are  as  follows: — To  loo  kilos,  of  meal  for  making  black  bread  i  kilo,  of  bicarbonate 
of  soda  is  taken,  and  425  kilos,  of  hydrochloric  acid  of  1063  sp.  gr.  (=9*5°  B.  =  13 
per  cent  CIH),  yielding  175  to  2  kilos,  of  common  salt ;  the  quantity  of  water  to  be 
added  amounts  toirom  79  to  80  litres.    From  tliis  mixture  is  obtained  150  kilos,  of 
bread.    The  proportion  of  the  bicarbonate  of  soda  to  the  hydrochloric  acid  is  so 
arranged  that  5  grms.  of  the  former  are  fully  saturated  by  33  c.c.  of  the  latter,  leaving  in 
the  bread  a  faintly  acid  reaction.    The  substance  known  and  sold  as  Horsford's  yeast 
powder,  also  recommended  by  Liebig,  is  preferable  and  more  readily  applied.    This 
powder  consists  of  two  separate  preparations,  viz.,  the  acid  powder  (acid  phosphate 
of  lime  with  acid  phosphate  of  magnesia),  tlie  otlier  the  alkali  powder  (a  mixture  of 
500  grms.  of  bicarbonate  of  soda  and  443  grms.  of  chloride  of  potassium).     To 
100  kilos,  of  flour,  2*6  kilos,  of  the  acid  powder,  and  1*6  kilos,  of  the  alkali  powder 
are  added.    During  the  kneading  the  following  changes  occur:  the  bicarbonate  of 
soda  and  chloride  of  potassium  are  first  converted  into  chloride  of  sodium  and 
bicarbonate  of  potash,  tlie  latter  salt  being  in  its  turn  decomposed  by  the  acid 
phosphate,  whereby  carbonic  acid  is  set  free.    By  the  use  of  this  baking  powder  it 
is  possible  to  make  flour  into  bread  within  two  hour's  time,  while,  moreover,  100 
pounds  of  flour  yield  10  to  12  per  cent  more  bread  than  with  the  best  method  of 
baking  in  the  usual  way.    The  plan  of  incorporating  pore  carbonic  acid  gas  with 
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the  dough  has  been  frequently  taken  up  and  abandoned  again ;  many  trials  have 
been  made  in  tl^is  direction,  and  the  process  has  its  opponents  as  well  as  its 
defenders.  Of  later  years  the  late  Dr.  Dauglish  and  Mr.  Bousfield  have  taken  this 
subject  up,  and  after  having  obtained  a  patent  have  started  the  Aerated  Bread 
Company.  This  process  as  carried  out  in  practice  is  best  described  by  an  extract 
from  Dr.  Dauglish's  pamphlet,  using  his  own  words : — 

**  I  first  prepare  the  water  which  is  to  be  used  in  forming  tlie  dough  by  placing  it 
in  a  strong  vessel  capable  of  bearing  a  high  pressure,  and  forcing  carbonic  acid  into 
it  to  the  extent  of  ten  or  twelve  atmospheres,  taking  advantage  of  the  well-known 
capacity  of  water  for  absorbing  carbonic  acid,  whatever  its  density,  in  quantities 
equal  to  its  own  bulk.     The  water  so  prepared  will  of  course  retain  the  carbonic  acid 
in  solution  so  long  as  it  is  retained  in  a  close  vessel  under  tlie  same  pressure.   I  there- 
fore place  the  flour  and  salt  of  which  the  dough  is  to  be  formed  also  in  a  close 
vessel  capable  of  bearing  a  high  pressure.    Within  this  vessel,  which  is  of  a 
spheroidal  form,  a  simply  constructed  kneading  apparatus  is  fixed,  working  from 
without  through  a  closely  packed  stuffing  box.    Into  this  vessel  I  force  an  equal 
pressure  to  that  which  is  maintained  on  the  aerated  water  vessel;    and  then,  by 
means  of  a  pipe  connecting  the  two  vessels,  I  draw  tlie  water  into  the  flour  and  set 
the  kneading  apparatus  to  work  at  the  same  time.    By  this  arrangement  the  M'ater 
acts  simply  as  limpid  water  among  the  flour,  the  flour  and  water  are  mixed  and 
kneaded  together  into  paste,  and  to  such  an  extent  as  shall  give  it  Uie  necessary 
tenacity.    After  this  is  accomplished  the  pressure  is  released,  the  gas  escapes  from 
the  water,  and  in  doing  so  raises  the  dough  in  the  most  beautiful  and  expeditious 
manner.    It  will  be  quite  unnecessary  for  me  to  point  out  how  perfect  must  be  the 
mechanical  structure  that  results  from  this  metliod  of  raising  dough.    In  the  first 
place,  the  mixing  and  kneading  of  the  flour  and  water  together,  before  any  vesicular 
property  is  imparted  to  the  mass,  render  the  most  complete  incorporation  of  the  flour 
and  water  a  matter  of  very  easy  accomplishment ;  and  this  being  secured,  it  is  evident 
that  the  gas  which  forms  the   vesicle,  or  sponge,  when  it  is  released,  must  be 
dispersed  through  the  mass  in  a  manner  which  no  other  method — fermentation  not 
excepted — could  accomplish.    But  besides  the  advantages  of  kneading  the  dough 
before  the  vesicle  is  formed,  in  the  manner  above-mentioned,  there  is  another  and 
perhaps  a  more  important  one  from  wliat  it  is  likely  to  effect  by  giving  scope  to  the 
introduction  of  new  materials  into  bread  making ;  and  that  is,  I  find  that  powerful 
machine  kneading  continued  for  several  minutes  has  the  efiect  of  imparting  to  the 
dough  tenacity  or  toughness.    In  Messrs.  Carr  and  Co.'s  machine,  at  Carlisle,  we 
have  kneaded  some  wheaten  dough  for  half-an-hour,  and  the  result  has  been  that 
the  dough  has  been  so  tough  that  it  resembled  bird-lime,  and  it  was  with  difficulty 
pulled  to  pieces  with  the  hand.    Other  materials,  such  as  rye,  barley,  Ac.,  are 
affected  in  the  same  manner ;  so  that  by  thus  kneading  I  am  able  to  impart  to 
dough,  made  from  materials  which  otherwise  would  not  have  made  light  bread,  from 
their  wanting  that  quality  in  their  gluten  which  is  capable  of  holding  or  retaining, 
the  same  degree  of  lightness  which  no  other  method  is  capable  of  effecting.    And  I 
am  sanguine  of  being  able  to  make  from  rye,  barley,  oatmeal,  and  other  wholesome 
and  nutritious  substances,  bread  as  light  and  sweet  as  the  finest  wheaten  bread. 
One  reason  why  my  process  makes  a  bread  so  different  from  all  other  processea 
where  fermentation  is  not  followed  is,  that  I  am  enabled  to  knead  the  bread  to  any 
extent  without  spoiling  its  vesicular  property,  whilst  all  other  unfermented  breads 
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are  merely  mixed,  not  kneaded.  The  property  thus  imparted  to  my  bread  hf 
kneading  renders  it  less  dependent  on  being  placed  immediately  in  the  oven. 
It  certainly  cannot  gain  by  being  allowed  to  stand  after  the  dough  is  formed ;  but  it 
bears  well  the  Qecessary  standing  and  waiting  required  for  preparing  the  loaves  for 
baking. 

''There  is  one  point  which  requires  care  in  my  process,  and  that  is  the  baking :  as 
the  dough  is  excessively  cold,  first,  because  cold  water  is  used  in  tlie  process,  and 
next  because  of  its  sudden  expansion  on  rising.  It  is  thus  placed  in  the  oven  some 
40°  F.  in  temperature  lower  than  the  ordinary  fermented  bread.  This,  together  with 
its  slow  springing  until  it  reaches  the  boiling-point,  renders  it  essential  that  the  top 
crust  shall  not  be  formed  until  the  very  last  moment  Thus,  I  have  been  obliged  to 
have  ovens  constructed  which  are  heated  through  the  bottom,  and  are  furnished 
with  means  of  regulating  the  heat  of  the  top,  so  that  the  bread  is  cooked  through 
the  bottom ;  and,  just  at  the  last,  the  top  heat  is  put  on  and  the  top  crust  formed. 

**  With  regard  to  the  gain  effected  by  saving  the  loss  of  fermentation,  I  may  state 
what  must  be  evident,  that  tlie  weight  of  the  dough  is  always  exactly  the  sum  of  the 
weight  of  flour,  water,  and  salt  put  into  the  mixing  vessel,  and  that  in  all  our 
experiments  at  Carlisle  we  invariably  made  118  loaves  from  the  same  weight  of 
flour  which  by  fermentation  made  only  105  and  106.  Our  advantage  in  gain  over 
fermentation  can  only  be  equal  to  the  loss  of  fermentation.  As  there  has  been 
considerable  difference  of  opinion  among  men  of  science  with  respect  to  the  amonnt  of 
this  loss — some  stating  it  to  be  as  high  as  17!  per  cent  and  others  so  low  as  i  per 
cent — I  will  here  say  a  few  words  on  the  subject.  Those  who  have  stated  the  loss  to 
be  as  high  as  lyi  per  cent  have,  in  support  of  their  position,  pointed  to  the  extra 
yield  from  the  same  flour  of  bread  when  made  by  non-fermentation  compared  with 
that  made  by  fermentation.  Whilst  those  who  have  opposed  this  assertion,  an(l. 
stated  the  loss  to  be  but  i  per  cent  or  little  more,  have  declared  the  gain  in  weight  to 
be  simply  a  gain  of  extra  water,  and  have  based  their  calculations  of  loss  on  the 
destruction  of  material  caused  by  the  generation  of  the  necessary  quantity  of  carbonic 
acid  to  render  the  bread  light.  Starting,  then,  with  the  assumption  that  light  bread 
contains  in  bulk  half  solid  matter  and  half  aeriform,  they  have  calculated  that  this 
quantity  of  aeriform  matter  is  obtained  by  a  destruction  of  but  i  per  cent  of  solid 
materiaL  In  this  calculation  the  loss  of  carbonic  acid,  by  its  escape  through  the 
mass  of  dough  during  the  process  of  fermentation  and  manufeu^ture,  does  not  appear 
to  have  been  taken  into  account,  that  our  calculations  may  be  correct. 

'*  One  of  the  strongest  proofis  that  the  escape  of  gas  through  ordinary  soft  bread 
dough  is  very  large  arises  from  the  fact,  that  when  biscuit  dough,  in  which  there  is  a 
mixture  of  fatty  matter,  is  prepared  by  my  process,  about  half  the  quantity  of  gas  only 
is  needed  to  obtain  an  equal  amount  of  lightness  with  dough  that  is  made  of  flour 
and  water  only,  the  fatty  matter  acting  to  prevent  the  escape  of  gas  from  the  dough. 
Other  matters  will  operate  in  a  similar  manner — ^boiled  flour,  for  instance,  added  in 
small  quantities.  But  the  assumption  that  light  bread  is  only  half  aeriform  matter 
is  altogether  erroneous.  Never  before  has  there  been  so  complete  a  method  of 
testing  what  proportion  the  aeriform  bears  to  the  solid  in  light  bread  as  that  which 
my  process  affords.  The  mixing  vessel  at  Messrs.  Carr  and  Go's.  Works,  Carlisle, 
has  an  internal  capacity  of  10  bushels.  When  34  bushels  of  flour  are  put  into  this 
vessel,  and  formed  into  spongy  bread  dough,  by  my  process  it  is  quite  fulL  And 
yfhmi  flour  is  mixed  with  water  into  paste,  the  paste  measures  rather  less  than  half 
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the  bulk  of  the  original  dry  fiotir.  This  wilU  therefore,  represent  about  i|  bushels  of 
solid  matter  expanded  into  lo  bushels  of  spongy  dough,  showing  in  the  dough 
nearly  5  parts  aeriform  to  x  solid :  and  in  all  instances,  if  the  baking  df  this  dough 
has  not  been  accomplished  so  as  to  secure  the  loaves  to  spring  to  at  least  double  their 
size  in  the  oven,  they  have  always  come  out  heavy  bread  when  compared  with  the 
ordinary  fermented  loaves.  This  gives  the  relative  proportion  of  aeriform  to  solid  in 
light  bread  at  least  as  10  to  i,  and  at  once  raises  the  loss  by  fermentation  from  i  to  10 
per  cent,  without  taking  into  account  the  loss  of  gas  by  its  passage  through  the  mass 
of  dough. 

'*  I  may  be  allowed  here  to  state,  what  will  be  evident  to  all,  that  the  absence 
of  everything  but  flour,  water,  and  salt,  must  render  it  absolutely  pure ;  that  its 
sweetness  cannot  be  equalled  except  by  bread  to  which  sweet  materials  are  super- 
added ;  that,  unlike  all  other  unfermented  bread,  it  makes  excellent  toast ;  and,  on 
account  of  its  high  absorbent  power,  it  makes  the  most  delicious  sop,  puddings,  &c., 
and  also  excellent  poultices.  Sop,  pudding,  and  poultice  made  from  this  bread,  how- 
ever, differ  somewhat  from  those  made  from  fermented  bread,  in  being  somewhat 
richer  or  more  glutinous.  This  arises  from  the  fact  of  the  gluten  not  having  been 
changed  or  rendered  soluble  in  the  manner  caused  by  fermentation ;  but  that  this  is  a 
good  quality  rather  than  a  bad  one  is  evident  from  the  fact,  that  the  richer  and  purer 
fermented  bread  is,  the  more  glutinous  are  the  sops,  &c.,  made  frtnn  it ;  and  the 
poorer  and  more  adulterated  with  alum  it  is,  the  freer  the  sops,  dec.,  are  of 
this  quality." 

It  should  be  observed  that  the  alcohol  farmed  during  the  fermentation  of  the 

bread  and  volatilised  by  the  heat  of  the  oven,  acts  along  with  the  carbonic  acid 

in  rendering  the  dough  spongy ;  upon  this  action  of  the  alcohol  is  based  the  applica- 

«tiou  of  rum  or  brandy,  which  in  small  quantities  are  added  to  pastry  and  puddings 

made  with  flour,  suet,  eggs,  sugar,  butter,  ftc. 

YtoUofBrtftd.  As  regards  the  quantity  of  bread  obtained  from  a  given  quantify 
of  flour,  it  varies  according  to  the  quality  of  the  latter;  100  kilos,  of  flour  usually 
yield  fit)m  125  to  135  kilos,  of  bread. 

compoaitfoii  of  BrMd.  The  flouT  from  vanous  kinds  of  grain  contain  in  its  ordinary 
air  dry  condition  from  12  to  16  per  cent  of  water;  by  its  conversion  into  bread  the 
flour  takes  up  much  more  water.  100  pounds  of  fine  wheaten  flour  combine  with  50 
pounds  of  water,  and  give  150  pounds  of  bread.  The  composition  of  the  flour  and 
of  the  bread  is,  therefore,  as  follows : — 

Wheaten  Flour.      Wheaten  Bread. 

Dry  flour ...     ...  84  84 

Water  originally  contained  in  the  flour  16  16 

Water  added  for  making  the  dough  ...  —  50 

100  150 

According  to  Heeren,  100  pounds  of  wheaten  flour  yield  at  least  125  to  126  pounda 
of  bread ;  100  pounds  of  rye  meal,  131  pounds  of  bread.  Fresh  wheaten  bread  con- 
tains 9  per  cent  of  soluble  starch  and  dextrin,  40 per  cent  of  unchanged  starch,  65 
per  cent  of  protein  compoimds,  and  from  40  to  45  per  cent  of  water.  As  is  generally 
known  newly  baked  bread  possesses  a  peculiar  softness,  and  is  at  the  same  time 
toQgh ;  does  not  yield  crumbs  readily :  after  one  or  more  days'  keeping,  the  bread 
loses  this  softness,  becomes  dry,  crumbles  readily,  and  is  then  called  stale  or  old 
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bread ;  it  is  usually  supposed  that  this  change  is  due  to  a  loss  of  water ;  but, 
according  to  the  researches  of  Boussingault,  stale  bread  contains  just  as  much  water 
as  fresh  bread ;  the  alteration  is  solely  due  to  a  different  moletular  condition  of  the 
bread. 

nnporiUM^Bd  Adoitoimuoa  -whcu  the  flouT  intended  for  the  preparation  of  bread  is  more 
or  less  decayed,  the  gluten  it  contains  is  thereby  altered ;  the  carbonic  acid  evolved 
during  the  fermentation  of  the  bread  does  not  render  the  dough  spongy,  but  it 
becomes,  owing  to  the  altered  state  of  the  gluten,  a  more  or  less  slimy  mass,  which 
yields  a  tough  and  far  less  white-coloured  bread ;  in  order  to  counteract  this  defect, 
and  to  impart  a  good  appearance  to  the  bread  made  from  flour  which  lias  been  damaged 
by  damp,  or  by  liaving  been  too  closely  confined  in  casks  and  thereby  heated, 
the  bakers  in  Belgium  and  Northern  France  (and  may  we  not  say  of  England  too), 
add  to  the  dough  a  small  quantity  of  sulphate  of  copper,  t>^vv  to  wAvo  ;  the  base  of 
this  salt  combines  with  the  gluten,  forming  tlierewitli  an  insoluble  compoimd,  thus 
rendering  tlie  dough  tough  and  white,  and  capable  of  taking  a  large  quantity  of 
water.  In  order  to  detect  the  sulphate  of  copper  in  the  bread,  a  portion  of  the  bread 
to  be  operated  upon  is  first  dried,  then  ignited,  and  tlie  copper  separated  from 
the  ash  by  gently  washing  away  the  lighter  particles,  leaving  the  metallic  copper 
in  the  shape  of  small  sliining  spangles.  In  England  alum  is  very  generally  added 
to  bread.  In  Germany  tlie  addition  of  sulphate  of  copper  and  alum  (05  per 
cent)  to  bread  is  prohibited  by  law,  but  in  some  parts  of  that  country  leaven  is 
kept  in  copper  vessels,  whereby  verdigris  is  formed,  the  appearance  of  which  is  by  no 
means  disliked  by  the  bakers. 

The  Manufacture  op  Vinegar. 
viiMfar,  and  its  orifin.      The  fluid  known  in  common  life  as  vinegar  is  essentially  a  mix- 
ture of  acetic  acid  and  water.    Acetic  acid,  CaH^Oi,  or  C2H3  rr  r  0,  consists,  in  its 
highest  degree  of  concentration,  in  100  parts,  of — 

Carbonic  acid      24  40*0 

Hydrogen    4  67 

Oxygen        32  533 

60  100*0 

and  is  formed  by  the  oxidation  of  alcohol  as  well  as  by  the  dry  distillation  of  cellu- 
lose. 

As  regards  the  first  mode  of  formation,  the  process  of  the  conversion  of  alcohol 
into  acetic  add  may  be  represented  by  the  following  formula : — 

1  moL  alcohol  CaHeO  =  46  I     •  m  1  i  niol.  acetic  acid  CaHiOa  =  60 

2  „     oxygen         2O  =  32  )  ^^^^^  I  i     „    water  HaO  =  i8 

78  78 

Accordingly  100  parts  of  alcohol  should  give  129*5  P^^ts  of  acetic  acid  of  the  highest 
degree  of  concentration.  The  process  of  conversion  is,  however,  by  no  means 
BO  simple  as  just  mentioned,  because  the  alcohol  is  not  at  once  converted  into  acetic 
acid,  but  first  converted  into  a  body  which  contains  less  oxygen  than  the  acetic  add, 
viz.,  aldehyde.  CaH40.  The  conversion  of  the  alcohol  into  acetic  acid  may  be  elud- 
dated  in  the  folloT^dng  manner : —  . 
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Alcohol  CaHeO     =  46 
Subtract  Ha  =   2 


H2  becomes,  by  the  aid  of  O  taken  up 
from  the  air,  oxidised  to  H^^* 


Remainder    |    cH,0  =  44 
Aldehyde    j    "^    ♦        ^^ 

Add  0  =  16      from  the  air. 

TOO  kilos,  of  alcoliol  therefore  need  300  kilos.  ( =  2322  hectolitres)  of  air,  con- 
taining 69  kilos,  of  oxygen,  for  tlie  conversion  of  tlie  alcohol  into  acetic  acid.  It  is, 
however,  evident,  that  in  practice  this  quantity  of  air  is  insufficient,  and  only  that 
portion  of  tlie  oxygen  which  is  in  the  state  of  ozone  is  capable  of  performing 
tlie  duty  of  acetitication.  Alcoholic  liquids,  in  order  to  become  converted  into 
vinegar,  require  the  presence  of  a  peculiar  fungus  (cryptogamic  plant),  known  as 
Mycoderma  aceti,  wliich  appears  to  act  as  tlie  carrier  of  the  oxygen  of  the  air, 
wliich  is  also  by  it  rendered  active  and  given  up  to  the  alcohol. 

The  origin  of  vinegar  or  acetic  acid  as  a  product  of  the  dry  distillation  of  cellu- 
lose cannot  be  elucidated  by  a  simple  formula,  because  there  are  formed  in 
addition  to  acetic  acid  a  large  number  of  other  compounds,  among  which  are  gaseous 
and  fluid  hydrocarbons,  wood  spirit,  aceton,  creosote,  oxyphenic  acid,  tar,  &c., 
the  relative  quantity  of  which  depends  not  only  upon  the  temperature  at 
wluch  the  distillation  took  place,  but  also  upon  the  shape  of  the  retorts  used, 
the  quantity  of  hygroscopic  water  contained  in  the  wood,  &c. 

a.  Preparation  of  Vinegar  from  Alcoholic  Fluids. 

vincKartromAiedhoL  When  alcohol  is  left  exposcd  to  air  or  to  pure  oxygen  it  is  not 
converted  into  acetic  acid.  Nevertheless  the  conversion  is  due  to  the  alcohol 
becoming  oxidised ;  therefore  it  is  evident  the  alcohol  must  be  placed  under  such  con- 
ditions as  are  most  favourable  to  the  formation  of  vinegar.  In  this,  as  in  many  other 
chemico-technical  processes,  practical  experience  is  tlie  best  teacher.  The  most 
important  points  are,  of  course,  the  preparation  of  vinegar  in  the  sliortest  time  with 
the  least  expenditure  of  alcohol.  The  conditions  most  favourable  to  the  formation  of 
vinegar  on  the  large  scale  are  the  following : — 

1.  The  alcoholic  fluid — prepared  from  grape  wine  or  fruit  wine,  fermented  malt 
infusion,  beer,  and  brandy — should  be  sufficiently  diluted  ;  it  should  contain  not  more 
than  10  per  cent  of  alcohol.  Experience  has  proved  that  fluids  prepared  by 
the  direct  application  of  alcoliolic  fermentation,  viz.  wine,  beer,  &c.,  are  more 
readily  converted  into  vinegar  than  mixtures  of  brandy  or  alcohol  and  water.  But 
too  great  a  dilution  should  be  avoided  ;  for  although  a  liquid  containing  3  per  cent  or 
less  alcohol  can  be  converted  into  vinegar,  the  acetiflcation  proceeds  very  slowly  in 
80  dilute  liquids. 

2.  A  suitable  temperature — not  above  36®  C,  not  below  10°  to  12**  C.  At  a  tempe- 
rature of  7**  C.  and  less  the  formation  of  vinegar  no  longer  takes  place,  a  fact 
usually  overlooked  when  the  advantages,  of  keeping  beer  and  other  fermented 
liquids  in  ice  pits  or  very  cool  cellars  are  enumerated.  Above  40^  to  60°  the  acetifl- 
cation proceeds  very  rapidly,  but  there  is  a  loss  of  alcohol  and  vinegar  by  evapo- 
ration. 

3.  A  plentiful  supply  of  air  or  oxygen  to  the  alcoholic  fluid  and  an  intimate  eon- 
tact  between  the  two.     Small  quantities  of  alcoholic  fluid  with  an  extended  surface 
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are  more  readily  converted  into  vinegar  than  large  Imlks  of  fluid,  becanse  tber  former 
present  a  larger  number  of  points  of  contact. 

4.  The  presence  of  substances  which  conduce  to  the  formation  of  vinegar ;  they 
are  as  regards  their  action  similar  to  the  ferments,  and  are  tlierefore  called  acetic  acid 
or  sour  producing  ferments  ;  but  the  acetiiicatiou  is  not  a  physiological  process,  as  is 
vinous  fermentation,  but  simply  one  of  oudation«  The  best  ferment  is  vinegiy:,  and 
all  substances  impregnated  with  it,  such  as  for  instance  the  so-called  vinegar  plant, 
the  Mycoderma  aeeti ;  it  was  formerly  thought  that  the  vinegar  mycoderms  stood  to 
alcohol  and  vinegar  in  the  same  relation  as  yeast  stands  to  sugar  and  alcohol,  but  this 
opinion  is  correct  only  so  far  as  the  addition  of  Mycod<riiia  ctceti  to  an  alcoholic 
fluid,  as  proved  by  Pasteur's  experiments  (1862),  is  alike  in  the  action  of  small  quan- 
tities of  vinegar  and  other  acetification-inducing  substances  upon  wooden  vats  and 
chips  of  wood  thoroughly  impregnated  with  vinegar ;  many  of  these  substances  con- 
tain particles  which  are  undergoing  a  process  of  oxidation  (mnUcule  en  mouvement), 
and  by  coming  into  contact  with  alcohol  they  draw  that  fluid  into  a  course  of  oxidation 
also.  Pure  acetic  acid  is  therefore  incapable  of  inducing  acetiiication,  but  vinegar,  on 
the  contrary,  is  capable  of  doing  so  because  it  always  contains  smaller  or  larger  quan- 
tities of  the  protein  compoimds  alluded  to;  but  unless  these  are  in  a  peculiar 
state  of  activity  they  are  useless ;  this  is  shown  by  platinum  black  and  spongy 
platinimi,  both  of  which  are  capable  of  converting  alcohol  immediately  into  acetic 
acid.  We  may  therefore  conclude  that,  by  the  presence  of  Mycoderma  aeeti  as  well 
as  of  spongy  platinum,  the  oxygen  of  the  air  is  rendered  active— ozonised — and  that 
only  ozonised  oxygen  is  capable  of  converting  alcohol  into  vinegar.  Acetic  add  is, 
therefore,  an  oxidation  product,  not  one  of  the  Mycoderttia.  A  more  accurate  inves- 
tigation of  the  behaviour  of  peroxide  of  hydrogen  and  other  ozone-containing  or 
producing  materials  with  mixtures  of  alcohol  and  water,  will  no  doubt  lead  to  a 
better  knowledge  of  the  theory  of  acetification,  and  may  lead  also  to  a  more  rational 
and  improved  mode  of  vinegar  making. 

piMnooMuiof  vinafarFonDAtioii.  Acetiflcatiou  cxhibits  phenomena  which  are  important 
for  observation  because  they  indicate  the  progress  of  the  conversion  of  the  alcohol 
into  acetic  acid ;  these  phenomena  are  partly  of  a  chemical,  partly  of  a  physical 
kind.  In  proportion  as  the  formation  of  vinegar  advances,  the  alcoholic  fluid  loses 
its  peculiar  flavour  and  odour,  and  acquires  the  refreshing  sour  taste  of  vinegar.  To 
the  physical  phenomena  belong : — i.  An  increase  in  the  specific  gravity  of  the  fluid  ; 
and  (2)  an  increase  of  the  temperature.  The  increase  of  temperature  is  due  to  the 
conversion  of  the  oxygen  from  a  gas  to  a  fluid.  The  more  active  the  absorption  of 
oxygen  the  higher  the  temperature. 

*jOMerMjt^of  Accordiug  to  the  substance  frcm  w^hich  vinegar  is  prepared  the 
following  kinds  are  distinguished: — i.  Wine  vinegar,  prepared  from  wine,  and 
containing  in  addition  to  acetic  acid  many  of  the  other  constituents  of  wine,  namely, 
tartaric  acid,  succinic  acid,  and  certain  kinds  of  ethers,  the  latter  imparting  to  wine 
vinegar  its  peculiarly  agreeable  flavour  and  odour.  2.  Brandy  vinegar,  spirit 
vinegar,  or  artificial  wine  vinegar,  generally  only  a  mixture  of  acetic  acid  and  water 
with  a  small  quantity  of  acetic  ether.  3.  Fruit  vinegar,  prepared  from  cider  and 
perry  and  containing  acetic  and  malic  acids.  4.  Beer,  malt,  or  grain  vinegar, 
prepared  from  non-hopped  beer  wort,  and  containing,  besides  acetic  acid,  also 
extractive  matters,  such  as,  for  instance,  dextrin,  nitrogenous  constituents  and 
phosphates.    5.  Vinegar  from  the  sugar  beet-root.    The  roots  axe  converted  into 
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a  palp  and  then  pressed ;  the  joice  is  next  diluted  with  water  and  afterwards  boiled. 
When  sufficiently  cooled,  yeast  is  added  and  alcoholic  fermentation  set  up;  this 
having  been  finished  the  alcohol  contained  in  the  liquid  is  converted  into  vinegar. 
The  vessel  in  which  tlie  acetification  takes  place  is  connected  with  a  blowing  fan ;  by 
the  aid  of  a  plentiful  supply  of  air  and  the  keeping  up  of  a  uniform  temperature  the 
alcoholic  liquid  to  which  some  vinegar  has  been  added  is  rapidly  converted  into 
acetic  acid.  6.  Vinegar  prepared  from  the  so-called  wood  yinegar  or  acetic  acid 
obtained  by  the  dry  distillation  of  wood. 

As  regards  the  so-called  old  metliod  of  vinegar  making  it  is  without  doubt  an 
imitation  of  the  spontaneous  soiiring  of  beer,  wine,  and  fermented  liquors  generally 
and  on  conditions  which  are  conducive  to  the  improvement  of  the  product: 
such  conditions  are — a  suitable  temperature,  intimate  contact  of  the  souring 
liquor  with  air,  and  a  so-called  acetihcation-inducing  ferment.  This  method  is 
very  generally  employed  for  making  wine  vinegar,  French  vinegar  as  it  is  termed  in 
England,  but  may  of  course  be  used  for  malt  or  fruit  vinegar  making  as  well. 
Generally  a  **  souring"  vessel  or  "  mother"  vessel  made  of  oak  wood  is  employed; 
this  vat  is  first,  when  newly  made,  thoroughly  scalded  with  boiling  hot  water,  and 
when  thereby  tlie  extractive  matter  of  the  wood  is  exhausted  the  vessel  is  filled  with 
boiling  hot  vinegar ;  when  the  wood  is  soaked  with  vinegar  there  is  poured  into  the 
vessel  I  hectolitre  of  wine,  and  after  eight  days  again  10  litres  of  wine  are  added, 
and  this  operation  continued  weekly  until  the  vessel  is  filled  for  two-thirds  of  its 
cubic  capacity.  About  fourteen  days  after  the  last  addition  of  the  wine  the  whole  of 
the  contents  will  have  become  converted  into  vinegar.  Half  this  quantity  is  with- 
drawn from  the  souring  vessel  and  carried  to  the  store :  to  the  remainder  more  wine 
is  added,  and  the  preparation  of  vinegar  proceeded  with  uninterruptedly  by  the  opera- 
tion described.  A  souring  vessel  may  continue  to  serve  its  purpose  for  six  years, 
and  often  longer,  but  generally  at  the  end  of  this  time  there  is  collected  in  the  vessel 
80  large  a  quantity  of  yeast  sediment,  argol,  stone,  and  other  matter  as  to 
render  the  thorough  cleansing  of  the  vessel  necessary ;  after  this  operation  it  is 
again  fit  for  further  use.  Although  it  might  appear  that  in  this  process  of 
acetification  there  is  no  great  contact  of  air,  and  the  fluid  is  apparently  quite  at  rest, 
there  is  a  constant  change  of  the  particles  of  the  surface  of  the  fluid,  owing  to  the 
fjftct  that  every  drop  of  vinegar  formed  sinks  to  the  bottom  of  the  vessel,  or  at  least 
below  the  surface,  owing  to  its  increased  specific  gravity ;  while  as  regards  the  air, 
that  portion  of  it  from  wliich  the  oxygen  has  been  absorbed  by  becoming  specifically 
lighter  (0*9  sp.  gr.)  has  a  tendency  to  rise  upwards,  and  to  be  replaced  by  heavier 
air  (I'o  sp.  gr.) ;  thus  a  constant  circulation  of  air  is  provided. 

Qtdck  Vinegar  Makinc.  The  so-called  quick  vinegar  process,  founded  on  an  older 
method  of  vinegar  preparation  suggested  by  Boerhaave  in  1720,  was  first  introduced 
by  Schiitzenbach  in  1823.  The  chief  principle  of  this  method  consists  in  bringing 
the  fluid,  generally  brandy,  to  be  converted  into  vinegar  into  ultimate  contact  with 
the  atmosphere  at  the  requisite  temperature,  or,  in  other  words,  the  oxidation  of  the 
alcohol  to  acetic  acid  is  effected  in  the  shortest  time  and  with  the  least  possible  loss. 
The  intimate  contact  of  the  fluid  with  the  air  is  effected  by: — i.  Increasing  the 
quantity  of  air  admitted  by  means  of  a  continual  current  of  air  being  made  to  meet 
the  drops  of  the  fluid  intended  to  be  converted  into  vinegar  in  opposite  direction  to 
that  in  which  these  drops  fall  downwards.  2.  By  causing  the  liquid  to  be  operated 
upon  to  trickle  down  drop  by  drop.    A  peculiarly  constructed  vessel  is  required  for 
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this  op«rtitton :  Aoenrding  to  the  strenRth  of  vinngar  desired  to  be  mftde  two  to  fottr 
of  these  vessels  nre  eiiiployeil,  Ihese  coastitutiug  a  firoup  or  battery  as  it  is  termed. 
A  sectional  view  of  euch  it  vessel  is  exhibited  iii  Fig.  246  :  it  is  made  of  stunt  oaken 
liljtves.  the  VBt  being  from   3  to  4 
^''-  *46>  iiictrea  in  height,  and  from  j  to  1-3  in 

ividtli ;  at  a  lieight  of  from  20  to  30 
cenlimetres  from  tJie  bottom  of  the 
vpssel  nre  bored  at  ^nal  distanoe 
from  encli  oilier  si^c  boles  —  air 
lioles — of  about  3  centimetres  in 
diameter,  so  cut  that  the  inner 
mouth  of  the  hole  is  sitnated  a  little 
dueper  thim  tlie  outei-.  that  is  to 
sny,  the  holes  are  bored  towards 
tlie  bottom  in  n  slightly  sloping 
direction.  About  one-third  of  a 
metre  above  the  real  lower  bottom 
a  falKe  bottom  is  placed,  similar  in 
conatnictiou  to  a  sieve,  and  at  « 
height  of  a  centimetre  above  the 
air-haleB ;  upon  tlic  false  bottom  ia 
a  layer  of  beech-wood  shavings 
extending  np wards  to  about  from  15 
to  20  centimetres  below  the  upper  edge  of  the  vat.  Tlie  false  bottom  is  sometimes 
constructed  of  laths  of  wood,  fonniug  a  kind  of  gridiron-like  network.  Before  tlieir 
application  the  wood  shavings  are  thoroughly  washed  with  hot  water  and  nest 
dried.  The  tub  is  then  nearly  filled  witli  tlie  dry  wood  sliavings,  which  are  next 
■■soured."  For  tl)is  purpose  warm  vinegar  is  poured  over  them,  and  allowed  to 
remain  in  contact  n-ith  the  wood  for  twenty-four  hours  bo  as  to  cause  tlie  acetic 
acid  to  soak  into  the  wood.  At  from  18  to  24  ceutimetres  below  the  upper  edge 
of  the  vat  is  fixed  a  perforated  wooden  disc,  the  holes  of  whidi  are  as  large 
aa  a  goose-quill,  and  are  bored  from  3  to  5  centimetres  apart  from  each  other. 
In  order  that  tlie  liquid  intended  to  be  converted  into  acetic  acid  may  trickle  slowly, 
and  in  fine  spray,  as  it  were,  over  the  wood  sliavings,  or  thin  chips  of  wood, 
through  the  holes,  strings  of  twine  or  loosely  spun  cotton  yam  are  passed  so 
■s  to  peuetrate  downwards  for  a  lengtli  of  3  cenlimetres,  while  at  the  top  a  knot 
is  tied  which  prevents  the  strings  slipping  tlirough  Uie  holes ;  by  tlie  action  of 
the  liquid,  dilute  spirits  of  wine  miiuilly,  which  is  poured  into  the  vessel,  the 
twine  becomes  more  or  less  swoUeti,  and  thereby  obstructs  the  passage  of  the 
fiuid  so  as  to  divide  it  into  constantly  trickling  drops.  Tlie  sieve  bottom  is  fitted 
with  from  five  to  eight  larger  holes,  each  about  3  to  6  centimetres  wide,  which  by 
means  of  glass  tubes,  each  of  from  10  to  15  centimetres  in  Iciigtii.  inserted  and 
firmly  &stened  therein  act  as  drnught  tubes,  so  placed  that  no  hquid  can  pass 
through  them.  The  vat  is  covered  at  tlie  top  n-ith  a  tightly -fitting  wooden  lid, 
in  the  centre  of  which  a  circular  bole  is  cut,  which  serves  oa  well  for  the 
parpoae  of  pouring  the  liquid  into  tlie  vessel  as  for  the  outlet  of  the  air  which 
enters  the  vessel  from  helow.    In  consequence  of  the  absorptiou  of  the  oxygen  m 
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mach  heat  u  generated  id  the  interior  of  the  veseel  that  the  air  streama  stronglj' 
apwards,  eanaiug  fresh  air  b>  enter  bj  the  lower  air-holes. 

After  the  vinegar  tab  has  been  soared  the  flnid  to  be  converted  into  vinegai^— 
generallj  brandj,  more  rarelj  malt  liquors  or  wine — is  ponied  in;  the  floid  flowing 
off  from  the  first  veeael  is  ponred  into  the  second,  and  if  the  original  liqnid  did 
not  contain  more  than  from  3  to  4  per  cent  of  alcohol  the  fluid  which  mns  off  from 
the  second  vessel  will  be  completely  converted  into  good  vinegar.  The  vinegar 
oollecls  between  the  true  and  false  bottoms.  Ab  will  be  seen  from  the  woodcut  the 
vinegar  cannot  How  out  ontil  its  level  is  equal  to  that  of  the  mouth  of  the  glaaa 
tube.  In  consequence  of  this  arrangement  a  layer  of  about  16  to  zo  centimetrea 
in  depth  of  warm  vinegar  assists  in  the  acetifieation  by  the  evolution  of  acid 
vapooTB  which  ascend  into  the  flnid  above.  The  tube  must  dip  into  the  lower  part 
of  the  fluid  in  the  interior  of  the  tub,  as  it  is  there  that  the  specifically  heavier 
vinegar  collecte.  The  arrangement  will  be  readily  understood  &om  Fig.  247 ; 
ep  ie  the  perforated  bottom,  just  below  which  is  situated  the  wooden  tap,  ft,  fastened 
to  the  bent  glass  tube,  m  m,  the  free  open  end  of  which  touches  the  bottom  of 
the  tub. 
'  Recently  (1868)  Singer's  vinegar  generator  has  heen  introduced.  It  consiats  of  a 
number  of  vessels,  one  placed  above  the  other,  and  bo  connected  together  bj  wooden 


tnhesthat  the  liqnid  intended  to  be  converted  into  vinegar  trickles  drop  by  drop 
from  the  one  vessel  into  the  other;  in  each  tube  is  cut  a  longitudinal  slit,  through 
which  air  freely  circulates ;  the  apparatus  is  placed  in  a  snitahly  constructed  shed, 
wherein  a  convenient  temperatnre  is  kept  up  and  from  which  draught  is  excluded. 
By  the  use  of  this  apparatus  the  loss' of  alcohol  experienced  in  the  use  of  the 
vats  above  mentioned  is  prevented.  Singer's  appamtus  is  fully  described  in  the 
"  Jahresbericht  der  Chem.  Teclaologie,"  1868,  p.  580. 

The  composition  of  the  fluid  to  be  acetified  varies  very  much ;  one  of  the  mixtures 
very  generally  nsed  is  made  np  of  20  litres  of  brandy  of  50  per  cent  Tralles,  40 
litrw  of  vincpir.  and  120  Utres  of  water,  to  which  is  first  added  a  liquid,  made  by 
soaking  a  mixture  of  bran  and  rye  meal  in  water  in  order  to  promote  the  formation 
of  the  vinegar  fungus  (Myeoderma  aetii).  The  room  in  which  the  vats  are  placed 
should  be  healed  to  zo°  to  24° ;  the  temperatnre  in  the  vats  rises  to  36°  aid  more, 
consequently  the  alcohol,  aldehyde,  and  acetic  acid  ore  volatiUsed,  and  this  loss 
may  amount  to  abont  one-tenth;  taking  this  loss  into  account  we  may  assume 
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that  I  hectolitre  of  brandy  at  50  per  cent  Trallcs  (=  42  per  cent  according  to  weight) 
yields  by  weight — 

13  o  hectolitres  of  vinegar  of  3  per  cent  acetic  acid  contents. 
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When  required  for  transport  it  is,  of  coarse,  most  advantageous  to  prepare  very 
strong  vinegar,  which  at  the  place  where  it  is  to  be  consumed  can  be  diluted  with 
the  requisite  quantity  of  water. 

viiMffar  from  the  8ng«r-Beet.  Vinegar  from  the  BugaT-beet  is  prepared  from  the  expressed 
juice,  having  a  sp.  gr.  of  1*035  to  i'045,  diluted  with  water  to  1*025  "P*  S^*>  fermented 
with  yeast,  the  flnid  being  next  mixed  with  an  equal  volume  of  prepared  vinegar.  This 
mixture  being  weU  exposed  to  the  influence  of  the  oxygen  of  the  atmosphere,  acetifioation 
soon  sets  in. 

^*°*'MySdJimI  Aol?L**  "**  Pastcur,  who  refers  acetification,  as  Dr.  Wagner  thinks 
erroneously,  to  a  physiological  process,  has  in  1862  described  a  new  method  of  pre- 
paring vinegar  with  the  help  of  the  vinegar  fungus,  the  Mycoderma  aceti.  This 
fungus  is  first  propagated  in  a  fluid,  consisting  of  water  and  2  per  cent  of  alcohol 
with  I  per  cent  of  vinegar  and  a  small  quantity  of  phosphate  of  potash  lime  and 
magnesia.  The  small  plant  soon  spreads  itself  over  the  entire  surface  of  the  fluid, 
without  leaving  the  smallest  space  uncovered.  At  the  same  time  the  alcohol  is  aceti- 
fied. As  soon  as  half  of  the  alcohol  is  converted  into  vinegar,  small  quantities  of 
wine  or  alcohol  mixed  with  beer  are  added  daily.  When  tlie  acetification  becomes 
weaker,  the  complete  conversion  of  the  free  alcohol  still  present  in  the  fluid  is  allowed 
to  take  place.  Tlie  vinegar  is  then  drawn  ofi*  and  the  plant  again  employed  in 
the  same  apparatus.  Vinegar  prepared  by  this  method  possesses  much  of  the  aroma 
characteristic  of  wine  vinegar.  An  essential  condition  to  the  rapid  formation  of 
vinegar  by  Uiis  method  is  a  strong  development  of  the  plant.  A  vessel  with  i  square 
metre  of  surface,  and  capable  of  containing  50  to  100  litres  of  fluid,  yields  daily 
5  to  6  litres  of  vinegar.  The  vessels  are  circular  or  rectangular  wooden  tanks, 
with  but  a  slight  depth,  and  covered  with  lids.  At  the  ends  are  bored  two 
small  openings  for  the  entrance  of  the  air.  Two  tubes  of  gutta-percha,  pierced 
laterally  with  small  holes,  are  carried  down  to  Uie  bottom  of  the  tank  and  used 
to  pour  alcohol  into  the  tank  udthout  .opening  the  lid.  The  tank  which 
Pasteur  employed  had  a  surface  of  i  square  metre  and  a  depth  of  20  centims. 
He  found  phosphates  and  ammonia  necessary  for  the  growth  of  the  plant.  ^Vhen 
wine  or  malt  liquor,  &c.,  is  employed,  these  substances  are  present  therein  in  suffi- 
cient quantity ;  but  when  only  alcohol  is  used,  sulphate  of  ammonia,  phosphate  of 
potash  and  magnesia  are  added  in  such  quantity  that  the  flnid  contains  iD^^vth 
of  this  saline  mixture,  to  which  also  some  vinegar  is  added.  It  has  been  long 
known  that  the  addition  of  bread,  flour,  malt,  and  raisins  to  alcoholic  fluids  about  to 
be  acetified  greatly  promotes  the  fonnation  of  vinegar,  as  these  substances  contain 
the  requisite  organic  and  inorganic  food  suited  for  the  propagation  of  the  vinegar 
fungus. 
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'STCto?™^!*!*  Dobareiner  was  the  first  who  pointed  out  that,  with  the  tud  of 
platinum  black,  atcoholio  Tapours  could  be  acetified  in  a  very  short  time ;  and  to  Ous 
procesB  the  follovring  apparatus  is  especially  adapted.  Fig.  248  sliowa  a  amall  ^aas 
house,  in  the  interior  of  which  are  seen  a  number  of  compartmeats.  The  shdves 
fonuing  these  compartmenta  support  a  number  of  porcelain  capsules.  The  alcohol  to 
be  acetified  is  poured  into  these  capsules,  in  each  of  which  is  placed  a  tripod,  also  of 
porcelain,  supporting  a  watch-glass  containing  platinum  black  or  spongjr  platinom. 
In  tlie  roof  and  at  tho  bottom  of  the  apparatus  are  ventilators,  so  constructed  as  to 
admit  of  regulating  access  of  air. 
Fio.  343.  By  means  of  a,  small  steam  pipe 

the  interior  of  the  house  is  heatad 
to  33°.  By  this  means  the  alcohol 
is  gently  evaporated,  and  coming 
into  contact  with  the  platinum  black 
or  sponge,  is  acetified.  So  long  as 
the  ventilation  is  maintained,  the 
platinum  black  retains  its  proper^ 
of  oxidising  the  alcohol.  With  an 
apparatus  of  40  cubic  metres  capa- 
city and  with  17  kilos,  of  platinum 
black,  150  litres  of  alcohol  can  daily 
be  converted  into  pure  vinegar. 
If  it  be  desired  to  prepare  tha 
vinegar  without  any  loss  of  alcohid, 
it  becomes  neceaaaty  to  pass  the 
outgoing  air  through  a  condenser  in 
order  to  collect  the  vapours  of  alcohol  and  acetic  acid  which  otherwise  would  be 
carried  off. 

THUnvbHoi.  The  valae  of  a  vinegar  is  dependent  upon  its  flavonr  and  upon 
its  strength,  or  upon  the  quantity  of  acetic  acid  it  contains.  According  to  its  con- 
taining more  or  less  acetic  acid  the  vinegar  tastes  more  or  less  sour.  The  ooloar 
varies  with  the  fluid  from  which  the  vinegar  has  been  prepared ;  wine  vinegar  is 
of  a  yellow  or  red-yellow  colour,  fruit  vinegar  exhibits  a  golden  colour,  biondy 
vinegar  is  colourless ;  but  as  a  rule  the  latter  is  coloured  with  caramel  in  imitation 
of  wine  vinegar.  Freshly  made  vinegar  contains  besides  small  quantities  of  uncon- 
verted alcohol,  some  aldehyde,  which  always  occurs  largely  in  vinegar  not  properly 
prepared.  Recently  it  has  become  customary  to  add  a  small  quantify  of  glycerine 
to  the  prepared  vinegar. 

The  quantity  of  acetic  acid  contained  in  a  vinegar  depends  upon  tbe  alcoholic  con- 
tents of  the  fluid  to  be  acellfied.  and  also  upon  the  more  or  less  perfect  conversion  of 
the  alcohol  into  acetic  acid.  Malt  vinegar  contains  from  z  to  5  per  cent,  brandy 
vinegar  from  3  to  6  per  cent,  wine  vinegar  from  6  to  S  per  cent,  of  acetic  acid.  The 
Spedflc  gravity  of  various  kinds  of  vinegars  differs  from  I'oio  to  i'03o  ;  the  more 
alcohol  a  vinegar  contains  the  lighter  is  it,  the  more  extractive  matter  the 
heavier.  The  densities  of  mixtures  of  acetic  acid  (CiH^Oi)  and  water  are,  at 
15°  C,  according  to  Oudemans,  the  following : — 
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Aeetometry.  Commercial  vinegar  varies  greatly  as  regards  the  qnantity  of  acetic  acid 
it  contains.  The  specific  gravity  of  a  commercial  vinegar  is  no  certain  indication  of 
the  quantity  of  acetic  acid»  owing  to  the  fact  tliat  the  vinegar  nearly  always  con- 
tains foreign  matters.  The  testing  of  the  strength  can  therefore  only  be  accurately 
effected  by  means  of  saturating  it  with  an  alkali.  According  to  the  ordinary  method 
first  introduced  for  this  purpose  by  Otto,  ammonia  is  added  to  the  vinegar  to  be 
tested  until  the  previously  added  tincture  of  litmus  becomes  again  blue ;  although 
this  method  is  not  absolutely  correct — owing  to  the  fact  that  the  neutral  alkaline 
acetates  exhibit  an  alkaline  reaction — tliis  does  not  much  impair  the  correctness 
of  this  process.  Otto's  acetometer  is  a  glass  tube  sealed  at  one  end,  36  centims. 
long  by  15  T^'ide,  whereon  is  engraved  a  double  scale  of  divisions,  one  of  these 
towards  the  bottom  of  the  tube  serving  for  measuring  the  vinegar  coloured  by 
litmus,  while  the  otlier  upper  scale  is  intended  for  measuring  the  test  liquor.  "When 
it  is  intended  to  apply  the  test  with  this  measuring  tube,  a  certain  quantity  (indicated 
by  tlie  divided  scale)  of  litmus  tincture  is  first  poured  into  the  tube,  next  vinegar  is 
added  in  sufficient  quantity  to  fill  the  tube  up  to  the  second  division ;  afterwards  so 
much  of  the  test-liquor  is  added  as  to  restore  again  the  blue  colour  of  the  litmus. 

The  quantity  of  test-liquor  employed  indicates  the  percentage  of  acetic  acid  con- 
tained in  the  vinegar.  The  test-fiuid  should  contain  1*369  per  cent  of  ammonia. 
According  to  Mohr's  metliod  there  are  taken  of  ilie  vinegar  to  be  tested 

(  2C,H,0,  -  HaO  =  12?  =  51); 

and  usually  having  a  sp.  gr.  varying  between  I'oio  and  1*011,  5*04  c.c, 

(for  -^  =504  I 
roil     ^   ^/ 


or  siiDplj  5  C.C.,  to  which  is  added  tincture  of  litmns,  the  whole  being  titrated  with  & 
narnml  alkali  blue  {a.  titrated  caoBtic  potasra  Bolntion  rendered  blue  with  littniu).  It 
ia  better  to  talie  lo  c.o.  of  the  vinegar  and  halve  the  nomber  of  c.o.  of  potassa 
employed. 

Ezamplea; — i.  lo'o  a.c.  of  a  Wurtiborg  table  Tinegar  required 

ii-S  o.c.  of  potash  Bolntion,  and  the  vinetjai  therefore  oontainod 
5*9  per  cent  of  Bo-oalled  anhydrODB  acid,  or  67  per  oent  of  aoetio 
acid  (GjH^O,). 
a.  lo'o  o.c,  of  a  vmegar  prepared  tram  wood  vinegar  regniied 
ia-5  CO.  of  potash  solution,  corresponding  to 
6-13  per  oeat  of  anhydrona  aoid,  or  j'j  per  cent  (CjH^Oa). 

ff.  Preparation  of  Vinajar/rom  iVood  Viruffar. 
Wood  viuRii.  From  the  dry  diBtillatiou  of  wood  a  portion  of  the  carbonised  matter 
temains  in  the  retorts  aa  charcoal,  while  the  remainder  of  the  conaUtuents  of  the 
wood  ore  eliminated  partly  in  the  state  of  gases  and  vapours,  snch  as  carbonic  oxide, 
carbonic  acid,  hydrogen,  light  and  heavy  carbnretted  hydrogens — portlyin  the  sliape 
of  a  condensed  matter,  cooHisting  of  a  thick,  brown,  oily  fluid  floating  upon  a  Etratnm 
of  a  watery  liqnor.  The  latter,  wood  vinegar,  consists  essentially  of  impure  acutio 
■aid,  some  propionic  and  butyric  adds,  small  quantities  of  oxyphenic  add,  oreoaote, 


■nd  an  alcoholic  wood  spirit,  a  mixture  of  methylio  alcohol,  aceton,  and  acetate  of 
methyl,  the  brown,  tluckish  fluid  substance  known  as  wood  tor,  consiBting  of  a 
number  of  both  fluid  and  solid  bodies,  poroSn.naphthalin.  oreoaote.  benzol,  toluol,  Ac. 
A  well-conducted  distillation  will  yield  as  much  as  &om  7  to  8  per  oeut  of  tlie  wei^t 
of  the  wood  acetic  acid.  According  to  the  rceeaichea  of  H.Vohl.  peat  can  be  employed 
in  the  preparation  of  wood  vinegar  and  of  wood  spirit.  10  cwts.  of  peat  yield  3  kilos. 
of  acetic  acid  and  145  kilos,  of  wood  spirit  The  Table  on  the  next  page  shows  the 
principal  products  of  the  destructive  distillation  of  wood. 

Raw  wood  vinegar  contains  in  solution  a  not  inconsiderable  qnanti^  of  resin,  and 
also  small  quantities  of  phenol  and  guaiacol ;  all  these  bodies  impart  a  more  or 
lew  brawn  colour  and  empyrenmatic  odour  and  flavour,  but  they  also  render  it  ■ 
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(a.  Wood 
Wood  J  6.  Hygroscopic ' 
Water 


a.  Ulnininatixig' 
Gas 


Xylol,  CsHio 
Naphthalin,  CioHg 
Carbonic  oxide,  GO 
Carbonic  acid,  CO2 
Hydride  of  Methyl,  CH4 
Hydrogen,  Ha 


j3.  Tar 


• 


Acetylen,  CaHa 
Elayl,  CaH4 
Trityl,  C3H6 
Ditretyl,  C4H8 
Benzol,  CeHe 
^Toluol,  C7H8 

Benzol,  CeHe 

Toluol,  C7H8 

Styrolen,  CgHs 

Naphthalin,  CiqHs 

Betene,  CisHis 

Paraffin,  C2oH4a,  or  C22H46 

I  Carbolic  acid,  CeHeO 
Phenol  •  Cresylic  acid,  C7H8O 
Phlorylic  acid,  CgHioO 


Guaicol 


Besin 


Oxyphenio  acid,  CeH^Oa 

^  Combinationi      of 


Creosote 


fCyHsOa 

CsHxoOa 

.C6H13O2 


oxyphenio  acid 
and  homologous 
acids  with  methyl* 


Wood  Vine- 
gar 


^.  Charcoal 


^Acetic  acid,  C2H4O2 
Propionic  acid,  C^HeOa 
Butyric  acid,  C4H8O2 
Valerianic  acid,  CgHioOa 
\  Caproic  acid,  C10H12O2 
Aceton,  C^HeO 
Acetate  of  methyl,  C3H6O2 
Wood  spirit,  CH4O 

,  Phenol,  Guaicol,  and  Besin 

{Carbon        . .     . .  85  per  cent. 
Hygroscopic  water  is 
Ash       3 


it 


valuable  antiseptic.  Where  the  principal  aim  is  to  obtain  wood  vinegar,  an 
iron  retort,  somewhat  similar  to  a  gas  retort,  is  employed  for  the  distillation 
of  the  wood :  but  in  France,  a  yertical  retort  of  boiler  plate,  exhibited  at  a. 
Fig.  249,  is  employed,  fitted  at  the  upper  part  with  a  tube,  o,  to  which  is  fastened 
the  projecting  part,  b.  When  the  iron  cylinder  is  filled  with  wood,  a  lid  is  tightly 
screwed  on  to  it,  it  being  next  lifted  up  and  placed  into  the  cylindrical  furnace,  b, 
by  means  of  the  crane,  d,  after  which  the  furnace  is  closed  at  the  top  with 
the  firebrick  lid,  e.  The  products  eliminated  from  the  wood  contained  in  the 
retort  pass  into  the  tube  6,  Fig.  250,  and  thence  into  the  condensing  apparatus,  c, 
placed  in  a  framework,  J,  which  condensing  apparatus  is  kept  continually  supplied 
with  cold  water  by  the  tube/,  while  the  warm  water  flows  off  at  h.  Vinegar,  tar, 
and  wood  spirit  are  condensed  and  flow  into  the  vessel  ^,  in  which  the  tar  separates, 
the  lighter  fluids  flowing  into  h  through  the  tube  m.  The  non-condensed  gases 
pass  through  the  tube  i  into  the  fireplace,  where  they  assist  in  heating  the  retort, 
so  that  but  very  little  fuel  is  required.  In  large  factories,  instead  of  the  wooden 
receivers,  large  stone  or  brickwork  cisterns  are  employed,  generally  several  of  such 
tanks  being  used,  the  largest  quantity  of  tar  being  condensed  in  the  first  cistern, 
while  the  wood  vinegar,  mechanically  freed  from  the  tar  and  floating  on  its  surface, 

*  According  to  S.  Marasse  (x868),  Bhenish  beech-wood  tar  creosote  is  a  mixture  of  equal 
parts  of — 

Cresylic  acid,  C7H8O,  boiling  at  203*, 
andGuaiacol         C7H8O2        „        200'. 

The  latter  is  methylic  ether  with  oxyphenio  acid,  ^^^  I  Oa. 
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finds  its  way  mto  a  second  cistern.      Pettenkofer's  patent  wood-gas  generalon 
produce  e.  not  inconsiderable  qnontity  of  wood  vinegar. 

PiiiiiTiwwooaviimir.       Raw  wood  Tinegar  is  a  dear  dark  brown  flnid,  having  a  tarry 
taste  and  smoky  odour.     It  is  employed  in  small  qnantitieB  in  the  preservation 


meat,  abo  for  the  preserva^o 
of  wood,  ropes,  Ac. ;  but  by  far 
tlie  largeGt  quantity  is  employed  in 
the  preparation  of  the  various 
acetates  used  in  dyeing  and  calico 
printing,  chiefly  as  crude  acetate  of 
iron  and  crude  acetate  of  alumina. 
It  IB  also  used  in  the  preparation  of 
concentrated  acetic  acid  for  indus- 
trial purposes,  that  is,  for  the  pre- 
paration of  aniline  from  nitro-ben- 
zol,  and  of  sugar  lacetate)  of  lead. 
Lastly,  it  is  largely  used  in  the 
preparation  of  table  vinegar,  an 
operation  economical  only  where, 
as  in  England,  there  is  a  high 
duty  on  alcohohc  flnids. 

Among  the  means  of  purifying 
crude  wood  vinegar,  the  most 
simple — leaving  out  of  the  qaestion  the  filtration  of  the  crude  liquor  over 
coarsely  granulated  wood  charcoal  as  recommended  by  E.  Assmus — is  distillation, 
an  operation  usually  carried  on  in  a  still  made  of  copper  fitted  with  a  copper 
condensing  apparatus.  At  first  a  yellow  fluid  comes  over — raw  wood  spirit  from 
which  the  wood  spirit  of  commerce  is  prepared — and  next  the  distillate  becomes 
richer  in  acetic  add. 

The  principal  methods  at  present  employed  for  the  purification  of  wood  vinegar 
may  be  considered  as  falling  under  either  of  two  classes : — 

a.  The  first  includes  the  purifying  of  wood  vinegar  without  saturation  with  a 
hose;  while  , 

0.  The  second  includes  those  methods  in  which  the  wood  vinegar  is  purified  by 
conversion  into  an  acetate,  the  acetic  acid  being  next  separated  by  distillation 
with  an  acid  possessing  greater  affinity  for  tlte  base. 

To  the  first  class  belongs  StoUze's  method,  consisting  in  first  obtaining  by  dis- 
tillation 10  per  cent  of  a  liquid  wliich  is  employed  for  the  preparation  of  wood 
spirit :  So  per  cent  of  the  liquid  is  next  distilled  off  and  the  empyreuraalic 
substances  contained  are  destroyed  by  the  action  of  either  ozone  or  chlorine. 
The  purification  of  the  crude  wood  vinegar  by  the  second  method  is  more 
generally  in  use  among  mannfoctnrers,  the  inventor  of  the  system  being  Mollerat 
The  crude  wood  vinegar  is  first  saturated  with  lime  and  the  solution  next 
precipitated  with  Glauber's  salt  to  obtain  acetate  of  soda;  this  salt  is  purified  by 
crystallisation,  and  when  in  a  dry  state  is  so  for  heated  that  the  empyreumatio 
matter  it  is  mixed  with  becomes  carbonised  and  is  thus  rendered  insoluble;  the 
acetate  of  soda  is  then  extracted  witli  water,  and  the  acetic  acid  separated  from  it 
by  distilling  the  previously  crystalliacd  and  dried  salt  nilli  sulphuric  acid.    Instead 
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of  acetate  of  soda  the  acetate  of  lime  is  frequently  employed  in  the  preparation  of 
acetic  acid  from  crude  wood  vinegar,  the  latter  heing  saturated  with  lime,  and  the 
salt  formed  evaporated  to  dryness.  The  dry  salt  is  roasted  and  treated  similarly  to 
the  acetate  of  soda  to  calcine  any  empyreumatic  products.  The  acid  employed  in 
the  distillation  is,  according  to  the  method  invented  by  C.  Volckel,  hydrochlorie 
acid.  The  distillation  can  be  effected  in  a  retort  with  a  helm  of  copper  and  a 
condenser  of  lead,  tin,  or  silver.  Upon  loo  parts  of  acetate  of  lime  90  to  95  parts  of 
hydrochloric  acid  at  i'i6  sp.  gr.  are  used.  When  hydrochloric  acid  is  used  in  this 
preparation  instead  of  sulphuric  acid,  any  contamination  of  the  crude  acetate  of  lime 
with  empyreumatic  or  tarry  matter  does  not  affect  the  purity  of  the  acetic  add 
which  is  obtained,  provided  the  crude  acetate  be  first  so  weU  dried  as  to  be  free 
from  all  other  volatile  substances;  when  sulphuric  acid  is  used  for  this  purpose 
the  result  is  that  an  acetic  acid  is  obtained,  which  contaLns  not  only  a  large  quantity 
of  sulphurous  acid,  but  also  other  offensive  volatile  compounds  due  to  the  decompo- 
sition (by  the  sulphuric  acid)  of  empyreumatic  resins  and  tarry  matter  present  in 
the  crude  acetate  of  lime. 

woodspiiit.  When  the  acid  liquid  obtained  by  the  diy  distillation  of  wood  is 
distilled  on  the  large  scale,  there  comes  over  at  first  a  certain  quantity  of  a 
yeUow  fluid,  lighter  than  water,  and  exhibiting  an  ethereo-empyreumatic  odour. 

This  fluid  (wood  spirit)  consists  chiefly  of  methylic  alcohol,  GH4O,  or    tt^[0, 

aceton,  acetate  of  methyl,  and  other  substances  to  which  no  reference  need  be 
made.  Wood  spirit  was  first  discovered  by  Taylor  in  181 2,  and  was  for  a  long 
time  only  employed  for  burning  in  spirit-lamps ;  it  was  not  until  1822  that  Taylor  found 
this  body  was  a  new  substance.  Wood  spirit  is  in  a  pure  state  a  colourless  fluid  of 
0*814  sp.  gr.,  boiling  at  66°  C.  It  is  in  all  respects  very  similar  to  alcohol,  and  can 
be  employed  as  a  source  of  heat  in  spirit-lamps;  it  evaporates,  however,  more 
rapidly  and  gives  a  less  intense  heat,  for  whereas  i  part  by  weight  of  alcohol  yields 
by  its  complete  combustion  to  carbonic  acid  and  water  7189  units  of  heat,  an  equal 
quantity  of  wood  spirit  only  yields  5307  units  of  heat.  It  is  employed  in  the 
preparation  of  furniture  polish  and  in  varnish  making;  for  these  purposes,  how- 
ever, it  requires  to  be  well  purified,  and  its  rapid  evaporation  is  a  drawback  to  its 
extensive  use;  confirmed  spirit  drinkers  have  now  and  then  used  it  instead  of 
whiskey  and  the  like,  and,  it  appears,  without  bad  effects.  Its  most  recent  use  is  in 
the  preparation  of  iodide  and  bromide  of  methyl,  which  substances  are  employed 
in  the  manufacture  of  violet  and  blue  coal-tar  colours. 


The  Prebebvation  op  Wood. 

^SdEU^jL"*  The  durability  of  wood,  viz.,  its  power  of  resisting  the  destructive 
influences  of  wind  and  weather,  varies  greatly,  and  depends  as  much  upon  the 
particular  kind  of  wood  and  the  influences  to  which  it  is  exposed  as  upon  the  origin 
of  the  wood  (timber),  its  age  at  the  time  of  felling,  and  other  conditions.  Beech- 
wood  and  oak  placed  permanently  under  water  may  last  for  centuries.  Alder  wood 
lasts  only  a  short  time  when  in  a  dry  situation,  but  when  kept  under  water  it  is  a 
very  lasting  and  substantial  wood.  Taking  into  consideration  the  different  kinds 
and  varying  properties  of  wood  and  the  different  uses  to  which  it  is  applied,  we  have 
to  consider  as  regards  its  durability  the  following  particulars : — 
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1.  Whether  it  is  more  liable  to  decay  by  expoaore  to  open  air  or  when  placed  in 
damp  situations ; 

2.  Whether  it  is  when  left  dry  more  or  less  attacked  by  the  ravages  of  insects  which, 
while  in  a  state  of  larvsB,  live  and  thrive  in  and  on  wood. 

Pure  woody  fibre  by  itself  is  only  very  slightly  affected  by  the  destructive 
influences  of  wind  and  weather.  When  we  observe  that  wood  decays,  that  decay 
arises  from  the  presence  of  substances  in  the  wood  which  are  foreign  to  the  woody 
fibre,  but  are  present  in  the  juices  of  the  wood  while  growing,  and  consist  chiefly 
of  albuminous  matter,  which,  when  beginning  to  decay,  also  causes  the  destruction 
of  the  other  constituents  of  the  wood;  but  these  changes  occur  in  various  kinds 
of  wood  only  after  a  shorter  or  longer  lapse  of  time ;  indeed*,  wood  may  in  some 
instances  last  for  several  centuries  and  remain  thoroughly  sound;  thus  the  roof  of 
Westminster  Hall  was  built  about  1090.  Since  resinous  woods  resist  the  action  of 
damp  and  moisture  for  a  long  time,  they  generally  last  a  considerable  time ;  next 
in  respect  of  durability  follow  such  kinds  of  wood  as  are  very  hard  and  com- 
pact, and  contain  at  the  same  time  some  substance  which — like  tannic  acid — ^to 
some  extent  counteracts  decay.  The  behaviour  of  the  several  woods  under  water 
differs  greatly.  Some  woods  are  after  a  time  converted  into  a  pulpy  mass.  Other 
kinds  of  wood,  again,  undergo  no  change  at  all  while  under  water,  as,  for  instance, 
oak,  alder,  and  fir. 

Insects  chiefly  attack  dry  wood  only.  Splint  wood  is  more  liable  to  such  attack  than 
hard  wood ;  while  splint  of  oak  wood  is  rather  readily  attacked  by  insects,  the  hard 
wood  (inner  or  fiilly  developed  wood)  is  seldom  so  affected.  Elm,  aspen,  and  all 
resinous  woods  are  very  seldom  attacked  by  insects.  Young  wood,  which  is  full  of 
sap  and  left  with  the  bark  on,  soon  becomes  quite  worm-eaten,  especially  so  the  alder, 
birch,  willow,  and  beech.  The  longer  or  shorter  duration  of  wood  depends  more  or 
less  upon  the  following  conditions : — 

a.  The  conditions  of  growth.  Wood  from  cold  climates  is  generally  more  durable 
than  that  grown  in  warm  climes.  A  poor  soil  produces  as  a  rule  a  more  durable 
and  compact  wood  than  does  a  soil  rich  in  humus,  and  therefore  containing  also 
much  moisture. 

h.  The  conditions  in  which  the  wood  is  placed  greatly  influence  its  duration.  The 
warmer  and  moister  the  climate  the  more  rapidly  decomposition  sets  in ;  while  a  dry, 
cold  climate  materially  aids  the  preservation  of  wood. 

e.  The  time  of  felling  is  of  importance :  wood  cut  down  in  winter  is  considered 
more  durable  than  that  feUed  in  summer.  In  many  countries  the  forest  laws  enjoin 
the  felliug  of  trees  only  between  November  15  and  February  15. 

Wood  employed  for  building  purposes  in  the  country,  and  not  exposed  to  either 
heat  or  moisture,  is  only  likely  to  suffer  from  the  ravages  of  insects  ;  but  if  it  is  placed 
80  that  no  draught  of  fresh  air  can  reach  it  to  prevent  accumulation  of  products  of 
decomposition,  decay  soon  sets  in,  and  the  decaying  albuminous  substances  acting  upon 
the  fibre  cause  it  to  lose  its  tenacity  and  become  a  friable  mass.  Under  the 
influence  of  moisture  fungi  are  developed  upon  the  surface  of  the  wood.  These  fungi 
are  severally  known  as  the  "house  fungi"  (Thetephora  domestica  and  Boletus 
destructor)  f  the  clinging  fungus  (Cerulius  vastator).  They  spread  over  the  wood  in  a 
manner  very  similar  to  the  growth  of  common  ftmgi  on  soil.  Their  growth  is  greatly 
aided  by  moisture  and  by  exclusion  of  light  and  fresh  air.  A  chemical  means  of 
preventing  sacb  growths  is  found  in  the  application  to  the  wood  of  acetate  of  oxide  of 
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iron,  the  acetate  being  prepared  from  wood  vinegar.  Wood  is  often  more 
ii^nriously  affected  when  exposed  to  sea  water,  when  it  is  attacked  by  a  peculiar 
kind  of  insect  known  as  the  bore-worm,  Teredo  navalis.  This  insect  is  armed  with 
a  homed  beak  capable  of  piercing  the  hardest  wood  to  a  depth  of  36  centimetres^ 
These  insects  originally  belonged  to  and  abound  in  great  number  in  the  seaa 
under  the  tropical  clime:  but  the  Teredo  navalis  is  met  with  on  the  coasts  of 
Holland  and  England. 

'"topilSSTSLr**^  The  means  usually  adopted  to  prevent  the  destruction  of  wood  by 
decay  are  the  following : — 

1.  The  elimination,  as  much  as  possible,  of  the  water  from  the  wood  previously 
to  its  being  employed ; 

2.  The  elimination  of  the  constituents  of  the  sap ; 

3.  By  keeping  up  a  good  circulation  of  air  near  the  wood  so  as  to  prevent  ita 
suffocation,  as  it  is  termed ; 

4.  By  chemical  alteration  of  the  constituents  of  the  sap ; 

5.  By  the  gradual  mineralisation  of  the  wood  and  thus  the  elimination  of  the  organie 
matter. 

Dryincwood.  I.  Thoroughly  dried  wood  remains  for  a  long  time  unaltered  while  in 
a  dry  situation,  more  especially  so  when  dried  by  so  strong  a  heat  that  it 
becomes  broT^ned.  When  timber  has  to  be  put  into  a  damp  situation,  it  should, 
after  having  been  well  dried,  be  first  coated  with  a  suitable  substance  to  prevent 
the  moisture  penetrating  into  the  wood.  This  purpose  is  attained  by  coating 
the  wood  with  linseed  oil,  so-called  Stockholm  tar,  coal  tar,  creosote,  and  other 
hydrocarbons.  Hutin  and  Boutigny  adopt  tlie  following  method  to  prevent  the 
absorption  of  moisture  by  wood  that  is  put  into  the  ground.  The  portion  of 
the  post  or  wood  to  bo  buried  is  first  immersed  in  a  vessel  containing  benzol, 
petroleum,  photogen,  &c.,  and  when  taken  out  is  ignited  and  thus  charred. 
When  extinguished  the  wood  is  put  to  a  depth  of  from  3  to  6  centimetres  into  a 
mixture  of  pitch,  tar,  and  asphalte,  and  next  the  entire  piece  of  wood  is  thoroughly 
painted  over  with  tar. 

Bimtaaaon  oftoe^constituenu  2.  The  constitueuts  of  the  sap  are  the  chief  cause  of  the 
decomposition  of  wood,  and  they  should  consequently  be  removed :  many  plans  are 
adopted.  In  order  that  the  wood  may  contain  the  smallest  quantity  of  sap,  it  should 
be  felled  during  the  winter  months.  The  constituents  of  the  sap  can  be  eliminated 
from  the  felled  tree  by  three  methods  : — 

a.  By  treatment  with  cold  water,  with,  which  the  wood  must  be  thoroughly  saturated 
to  dissolve  the  constitnents  of  the  sap,  which  are  removed  when  the  wood  is  exposed  to  a 
stream  of  water.  It  is  evident  that  with  large  timber  a  long  time  is  necessary  to  ensure 
perfect  saturation. 

6.  By  employing  boiling  water  the  sap  is  removed  much  more  quickly  and  efficiently. 
The  pieces  of  wood  are  placed  in  an  iron  vessel  with  water  and  boUed.  Large  pieces  of 
timber  cannot  be  treated  in  this  manner,  but  are  immersed  in  a  cistern  in  which  the  fluid 
is  heated  by  means  of  steam.  According  to  the  thickness  of  the  wood,  the  boiling 
occupies  some  6  to  12  hours. 

c.  By  treatment  with  steam  (steaming  of  wood) — the  most  effectual  method  of  removing 
the  constituents  of  the  sap,  the  hjgroscopicity  of  the  wood  thus  treated  being  rendered 
much  less,  while  the  wood  is  far  more  fitted  to  resist  the  effects  of  weather.  ^  The 
apparatus  employed  in  carrying  out  the  method  consists  of  a  boiler  for  the  generation  of 
steam,  and  a  cistern  or  steam  chamber,  for  the  reception  of  the  wood,  this  chamber  being 
constructed  of  masonry  and  cement,  of  boiler  plate,  or  being  simply  a  large  and  vexy 
wide  iron  pipe.  In  most  cases  a  jet  of  steam  is  conveyed  from  the  boiler  to  the  steam- 
ehamber,  where  it  penetrates  the  wood,  and  dissolves  out  the  constituents  of  the  sap, 
which  on  being  condensed  is  allowed  to  run  off.    In  the  case  of  oak,  this  fluid  is  of  a 
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blaok-brown  colonr ;  with  mahogany,  a  brown-red ;  with  linden  wood,  a  red-yellow ;  and 
with  cherry  tree  wood,  a  red,  &q.  The  operation  is  finished  when  the  outflowing  water  is 
no  more  coloured.  The  steamed  wood  is  dried  in  the  air  or  in  a  drying  room ;  it  loses 
5  to  lo  per  cent  in  weight  by  the  process,  and  becomes  of  a  much  darker  colour. 
The  steam  is  sometimes  worked  at  a  temperature  of  above  loo^,  but  generally  the  con- 
tents of  the  steam  chamber  are  maintained  at  60°  to  70°.  Towards  the  end  of  the 
operation  some  oil  of  coal-tar  is  introduced  into  the  boiler,  and  is  consequently  carried 
over  with  the  steam,  impregnating  the  wood. 

The  removal  of  the  sap  can  also  be  effected  to  some  extent  by  means  of  mechanical 
pressure  between  a  pair  of  iron  rollers,  which  are  gradually  brought  more  closely 
together.  Another  method  is  by  means  of  air  pressure.  Barlow  employs  for  this 
purpose  a  metal  case  in  which  the  wood  is  enclosed,  and  to  one  end  of  which  an  air 
pump  is  attached.  Air  being  forced  into  the  tube  or  case,  the  sap  flows  away  at  the  end 
opposite  to  which  the  pump  is  attached.  But  both  these  methods  are  costly  and  not  in 
all  cases  applicable. 

AirDnins.  3.  The  coustruction  of  air  drains  or  passages  around  woodwork  to  be 
preserved  is,  where  tho  method  is  applicable,  a  great  aid  to  the  preservation  of  the  wood« 
The  consideration  of  the  best  means  of  effecting  ventilation  in  this  respect,  is  not  a 
matter  with  which  we  can  deal  in  this  work.  It  is  sufficient  to  say,  that  in  many 
instances,  the  air  channels  are  connected  on  the  one  hand  with  the  open  air,  and  on  the 
other  with  the  chimney. 

^MUtoilluJVSe  8a5?  4*  ^^^  ^^  ^®  ™^^*  usual  and  most  effective  means  of  pre- 
venting the  decomposition  of  wood  is  by  effecting  a  chemical  change  in  the 
constituents  of  the  sap,  so  that  fermentation  can  no  longer  be  set  up.  To  this  class 
belongs  the  weU-known  plan  of  protecting  woodwork  that  is  to  be  exposed  to 
the  action  of  the  moisture  of  the  earth  by  charring  the  wood,  either  by  fire  or 
by  treatment  with  concentrated  sulphuric  acid,  so  that  the  wood  is  coated  to  a  certain 
depth  with  a  layer  of  charcoal,  the  charcoal  acting  as  an  antiseptic.  The  charring 
or  carbonisation  of  the  wood  can  be  effected  either  with  the  help  of  a  gas  flame  or 
the  flame  from  a  coal  fire.  The  apparatus  of  De  Lapparent,  invented  for  this  purpose, 
became  very  generally  employed  in  1866  at  the  dockyards  of  Cherbourg,  Pola,  and 
Dantzic.  According  to  another  method  the  wood  is  impregnated  throughout  its 
whole  mass  with  some  substance  that  either  enters  into  combination  with  the  con- 
stituents of  the  sap,  or  so  alters  their  properties  as  to  prevent  the  setting  up  of 
decomposition.  To  this  class  belong  the  four  following  methods,  these  being  the 
o(nly  ones  that  have  met  with  any  more  extensive  use. 

I.  Kyan's  preserving  fluid  is  a  solution  of  bichloride  of  mercury  of  variable 
degree  of  concentration.  In  England  a  solution  of  i  kHo.  of  corrosive  sublimate  in 
80  to  icx)  litres  of  water  is  generally  employed  for  railway  sleepers.  The  timber  is 
laid  in  a  watertight  wooden  trough,  containing  the  solution,  where,  according  to  its 
size,  it  remains  a  longer  or  shorter  time.  In  Baden  the  wood  remains  in  the 
kyanising  solution,  when  it  is  to  be  impregnated  to  a  depth  of — 

82  m.m.  for  4  days. 

85  to  150       „        7    „ 

150  to  180       „      10    „ 

180  to  240       „      14    „ 

240  to  300       „      18    „ 

the  solution  consisting  of  1  kilo,  of  sublimate  to  200  litres  of  water.  The  prepared 
wood  is  washed  with  water,  rubbed  dry,  and  then  placed  in  sheds  free  from  exposure 
to  rain  and  strong  sunlight.  The  principal  action  of  the  bichloride  of  mercury  is  to 
convert  the  albumen  of  the  sap  into  an  insoluble  combination,  capable  of  with- 
standing decomposition,  while  the  bichloride  becomes  gradually  reduced  to  proto- 
chloride  of  mercury  (calomel).    A  great  objection  to  this  method  ia  the  danger  to 
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which  the  carpenter  or  joiner  who  may  afterwards  shape  the  wood  is  exposed,  the 
free  chemicals  acting  upon  his  system  through  his  hands,  nostrils,  and  mouth.  In 
England  wood  to  he  varnished  is  seldom  kyanised. 

Erdmann  remarks  upon  this  plan  of  preserving  wood  that  the  interior  of  the  log  is 
still  left  in  its  original  condition.  To  answer  the  objection  the  kyanising  haa  been 
made  more  effective  by  placing  the  wood  into  a  water-tight  trough,  with  the  solution 
of  sublimate,  and  by  a  great  pressure  of  air  thoroughly  impregnating  the  wood. 
Kyanising  by  this  method  becomes,  however,  as  expensive  as  any  other  impregnatioa 
method.  Becently  there  has  been  substituted  for  the  pure  bichloride  of  mercuzy  a 
double  salt  of  the  formula  Hgplx+KCl,  obtained  by  decomposing  a  eolation  of 
camallite  with  oxide  of  mercury. 

2.  Burnett's  patent  (1840)  fluid  consists  of  i  kilo,  of  chloride  of  zinc  dissolved  in 
90  litres  of  water.  Wood  treated  with  Burnett's  fluid  has  been  buried  in  earth  for 
five  years  without  undergoing  any  change,  while  unprepared  wood  buried  for  the 
same  length  of  time  has  been  totally  destroyed.  Chloride  of  zinc  has  been  much 
used  in  Germany  as  an  impregnating  material.  Besides  this  salt  sulphate  of  copper 
and  acetate  of  oxide  of  zinc — ^p3rrolignite  of  zinc  (Scheden's  methodj,  have  been 
employed.  The  action  of  the  copper  and  zinc  salts  may  be  explained  by  considering 
that  the  metallic  oxides  of  the  basic  salt  formed  during  seasoning,  separates  and 
combines  with  the  colouring  matter,  tannic  acid,  resin,  &c.  of  the  wood,  to  fonn  an 
insoluble  compound. 

3.  Bethell's  (1838)  patented  metliod  consists  in  treatment  under  strong  pressure 
with  a  mixture  of  tar,  oil  of  tar,  and  carbolic  acid,  this  mixture  being  known  com- 
mercially by  the  name  of  gallotin.  In  and  near  London  wood  thus  treated  hae 
remained  eleven  years  in  tlie  earth  without  undergoing  change;  otlier  piec^  of 
timber  so  treated  were  subjected  to  the  action  of  tlie  sea  for  four  years  and  still  were 
in  good  condition.  Vohl  employs  for  preservation  peat  and  brown  coal  creosote ; 
Leuchs  uses  paraffin.  Such  agents,  however,  render  wood  treated  with  them  hi^y 
inflammable. 

4.  Payne's  method.  This  includes  two  patents,  the  first  having  been  taken  out  in 
1 84 1.  Both  are  based  on  the  impregnation  of  the  wood — ^first  with  one  salt,  and 
next  \iith  another  salt,  wliich  is  capable  of  forming  a  precipitate  insoluble  in  water 
and  sap  of  the  wood  with  the  first.  The  first  solution  is  usually  one  of  sulphate  of 
iron  or  of  alum,  then  follows  a  solution  of  chloride  of  calcium  or  of  soda.  The  wood 
to  be  impregnated  is  placed  in  a  vessel  from  which  the  air  is  exhausted,  the 
first  solution  beiog  then  admitted,  and  subsequently  pressure  is  applied.  The  first 
solution  being  removed,  the  second  is  admitted,  and  pressure  again  applied.  It  ie 
necessary  to  dry  the  wood  partially  between  the  two  impregnations.  Payne*8 
method,  much  used  in  England,  possesses,  moreover,  the  advantage  of  rendering  the 
wood  somewhat  uninflammable.  The  same  effect  results  with  the  metliods  of  Buchner 
and  Von  Eichthal,  who  impregnate  the  wood  with  a  solution  of  sulphate  of  iron, 
and  then  with  a  water-glass  solution,  whereby  the  pores  of  the  wood  are  filled  with 
ferro-silicate.  Kansome  attains  the  same  end  by  an  impregnation  with  a  water-glass 
solution  and  subsequent  treatment  with  an  acid.  It  is  found  that  the  treatment  of  wood 
according  to  the  above  methods  is  generally  attended  with  good  results.  A  method 
of  impregnation  with  materials  forming  an  insoluble  soap,  oleate  of  alumina,  oleate  of 
copper,  &c.,  patented  in  1862,  has  given  some  moderate  results  on  the  small  scale. 

MiiMniidiiK  Wood.      5.  When  the  terms  mineralised,  petrified,  metallised,  or  incrusted 
are  applied  to  wood,  they  include  the  meaning  that  the  wood  hi|^  undergone  impreg- 
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nation  with  an  inorganic  snbstance,  which  has  so  filled  the  pores  of  the  wood  that  it 
may  be  said  to  partake  of  the  characteristics  of  a  mineral  substance.  Suppose  that 
the  wood  has  become  impregnated  with  sulphate  of  iron,  when  exposed  to  the  rain 
the  sulphate  will  be  gradually  dissolved  out,  in  time  leaving  only  a  basic  sulphate. 
By  the  researches  of  Striitzki  (1834),  of  Apelt  in  Jena,  and  of  Kuhlmann  (1859),  the 
influence  of  oxide  of  iron  upon  wood  fibre  has  been  rendered  very  clear.  Wood 
impregnated  with  basic  sulphate  of  iron  ceases  to  be  wood  after  some  time. 

^"toSSiSiSi'!*'*'  ^-  '^^'^  method  consists  in  the  impregnation  of  the  wood  with 
the  necessary  substance,  in  a  manner  similar  to  the  natural  filling  of  the  pores  with 
sap ;  that  is  to  say,  the  solution  is  introduced  into  the  tree  from  its  roots,  and  is  thus 
made  to  take  the  place  of  the  sap  in  all  parts  of  the  timber.  When  the  tree  is  felled 
the  root  end  is  placed  in  a  solution  of  the  salt  (sulphate  of  copper,  acetate  of  iron), 
and  allowed  to  remain  for  some  days ;  at  the  end  of  the  required  time  the  wood  will 
have  become  completely  impregnated  with  the  salt.  Occasionally  this  method  is 
employed  in  colouring  woods,  colouring  matter  being  used  instead  of,  or  as  well 
as,  the  salt.  The  linden,  beech,  willow,  elm,  alder,  and  pear  tree  can  be  treated  in 
this  manner.  The  fir,  oak,  ash,  poplar,  and  cherry  tree  do  not,  however,  absorb  the 
impregnating  fluid  sufficiently. 

Tobacco. 

Toteeeo.  Tobacco,  as  employed  for  snuff  and  for  smoking  and  chewing,  is  the 
product  of  various  kinds  of  annual  plants  belonging  to  the  genus  Nicotiana,  of  the 
family  of  Solanea,  generally  cultivated  in  warmer  parts  of  the  globe,  but  capable  of 
growing  in  countries  situated  under  52°  N.  lat.  The  best  tobaccos  are  grown  in 
America,  and  are  chiefly  exported  from  the  southern  states  of  North  America,  viz., 
Maiyland,  Virginia,  &c.,  from  Orinoko,  Havanna,  and  Cuba,  &c.  The  European 
tobaccos  are  those  of  Holland,  Hungary,  Turkey,  and  France.  In  Europe  three 
separate  botanic  varieties  are  cultivated.    They  are : — 

X.  Common  or  Virginian  tobacco  {Nicotiana  tabeicum),  with  a  large  lancet-shaped 

ribbed  leaf. 
a.  Maryland  tobacco  {Nicotiana  macrophylla)^  with  broad  and  not  so  strongly  pointed 

leaves  as  those  of  the  common  tobacco  plant. 
3.  The  farm  or  violet  skin  tobacco  {Nicotiana  nutica),  with  an  oval  leaf  and  long  stalk. 

The  quality  of  the  tobacco  is  dependent  upon  the  climate,  upon  the  soil,  and  upon 
the  seed  it  is  obtained  from.  Next  to  the  vine,  the  tobacco  plant  is  that  requiring  the 
most  care  in  its  cultivation.  The  influence  of  careful  culture  is  so  great,  that  plants 
grown  in  some  parts  of  Germany  yield  tobacco  unequalled  by  some  of  the  richest 
tropical  produce. 

According  to  the  most  recent  researches,  tobacco  contains  the  following  sub- 
stances : — 

!  Potash 
Magnesia  ^^^  {  Nicotine 

Oxides  of  iron  and  manganese  ^ 

Ammonia 


Bfineral  acids 


'Malic  acid  (Tobacco  add  7) 

Nitric  acid 

Citric  acid 

Hydrochloric  acid 

Organic , 

Acetic  acid 

Sulphuric  acid 

acids 

Oxalic  acid 

Phosphoric  acid 

Pcctic  acid 
^Ulmicadd 
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/Nicotianin 


Other  mineral 
substances 


f  Silica  Other  organic  I  ^J"^""  and  yeUow 

Sand  substiiices    ^Xf  ^  ^'  ^^^       ^ 

Nitrogenous  snbstaiices 

VCellulose 


**'^'toSS?*w° '''  *^  The  chief  characteristic  constituents  of  the  tobacco  leaf  an 
the  three  following : — namely,  nicotianin,  nicotine,  and  malic  acid.  Nicotianin,  or 
tobacco  camphor,  is  a  fatty  substance,  possessing  sti'ongly  the  odour  of  tobacco,  and 
a  bitter,  aromatic  flavour.  Experience  has  shown  that  the  varieties  of  tobacco  con- 
taining the  most  nicotianin  are  those  most  preferred.  It  is  generally  considered  *h«t 
nicotianin  is  identical  with  cumarin  (CglisOa),  found  in  the  tonka  bean  {Dipterix 
odoratn),  in  the  Asperula  odoratti,  in  tlie  Melilotus  officinalUf  and  AnthroxoHthum 
odoratum,  as  well  as  in  tlie  leaves  of  the  Amjraecum  frayrans,  and  the  LiastrU  odora- 
tissima.  Nicotine  (C10H14N2)  is  an  organic  base,  and  exists  in  a  pure  condition  as  a 
colourless  oil,  possessing  tlie  odour  of  tobacco  and  a  caustic  flavour ;  it  is  soluble  in 
water,  alcohol,  ether,  and  some  oils.  It  is  even  in  very  small  doses  a  deadly  poiacm; 
and  in  the  very  smallest  quantities  it  will  cause  convulsions  and  paralysis,  llie  pro- 
portion of  nicotine  met  witli  in  tlie  various  kinds  of  tobacco  leaves  varies  greatly. 
From  the  experiments  of  Schlcesing,  made  witli  mauy  kinds  of  French  and  American 
tobaccos,  the  following  quantity  per  cent  of  nicotine  is  found  in  the  dry  leaves  of 

tobacco  jfrom : — 

Nicotine. 

Dcpartement  Lot  ...        ...        ...        ..•        ...  7*96 

Lot-et- Garonne  •••        ...        ...        ...  7*34 

Nord,         ...        ...         ...        ...        ..•  0*50 

Ille-ct-Villaine 6*29 

Pas  de  Calais      ...         ...        ...         ...         ...        ...  4*94 

^\isac6       ...         ...         ...         ...         ...         .••         ...  3*21 

Virginia  ...         ...        ...         ...        ...        ...         ...  6*87 

j\6niucKy...         ...         ...         ...         ...         ...         ...  0*00 

Maryland  ...         ...         ...         ...         ...         ...  2*29 

Havanna  ...        ...         less  than  2*00 


it 


Dried  snuff-tobacco  contains  about  2  per  cent  of  nicotine,  and  contains  on 
average  in  its  undried  (usual)  condition  33  per  cent  of  water,  the  nicotine  then 
amounting  to  136  per  cent.  The  nicotine  is  contained  in  tlie  tobacco  in  the  form  of 
a  salt.  The  characteristic  acid  is  nicotic  or  tobacco  acid,  C3H4O4,  which  recent 
numerous  researches  have  proved  to  be  identical  with  malic  acid.  The  tobacco  leaf 
also  contains  albumen,  woody  fibre,  gums,  and  resin.  The  leaves  are  also  very  rich 
in  mineral  constituents,  tliese  amounting  to  19  to  27  per  cent  of  tlie  weight  of  the 
dried  leaf.  Merz  obtained  about  23*33  P^'^  cent  ash  with  several  varieties  of 
tobacco  leaf.  100  parts  of  tliis  asli  contained  potasli.  26*96 ;  80<ia,  276 ;  lime,  39*53 ; 
magnesia,  9*61 ;  chloride  of  sodium,  965 ;  sulphuric  acid,  278 ;  silica,  4*51  ;  and 
phosphate  of  iron,  420  parts.  There  is  found,  also,  nitrate  of  potash,  the  quantity  of 
wliich  does  not,  however,  influence  the  combustibility  of  the  tobacco. 

M anofacton  of  ToiMcco.  Good  smokiug  tobacco  should  give  off  an  agreeable  odour, 
should  not  deflagrate  while  burning,  and  not  bite  the  tongue.  Taste  differs  consider- 
ably in  the  respect  of  strength  in  this  country  from  abroad ;  nowhere  but  in  the 
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United  Kingdom  are  sach  strong  smoking  tobaccos  met  with.  The  freshly  dried 
tobacco  leaves  are  not  suited  for  smoking,  because  they  contain  a  very  considerable 
amount  of  albuminous  matter,  and  on  burning  give  off  an  odour  of  burnt  horn,  while 
they  contain  too  large  a  quantity  of  nicotine.  The  preparation  or  manufacture  of 
tobacco  aims  at  the  more  or  less  complete  destruction  of  tlie  albuminous  matters,  the 
partial  elimination  of  the  nicotine,  and  the  development  of  a  peculiar  aroma,  while 
the  leaves  are  formed  by  mechanical  means  into  a  suitable  shape  for  smoking  and 
snuffing.  The  leaves  are  moistened  with  water  and  placed  together  in  heaps  so  as  to 
cause  a  kind  of  fermentation,  the  temperature  increasing  to  about  35%  the  effect  of 
which  is  that  the  albuminous  matter  of  the  tobacco  is  destroyed,  while  aromatio 
substances  are  developed.  This  process  is  assisted  by  the  addition  of  what  the  trade 
terms  "  sauce,'*  but  notliing  is  known  of  the  reactions  and  changes  which  take  place. 
When  the  tobacco  leaves  are  gathered  from  the  plants  they  are  laid  one  upon  the  other  to 
the  number  of  ten  or  twelve  and  placed  in  heaps  inadiyshed,  care  being  taken  to  cover 
the  heaps  with  canvas.  As  soon  as  the  sweating  sets  in,  the  leaves  are  suspended 
one  by  one  on  ropes  stretched  through  the  shed,  and  dried  by  exposure  to  a  current 
of  air ;  when  dry  the  leaves  are  packed  together  to  the  number  of  thirty,  so  as  to 
form  a  bundle,  several  hundreds  of  which  are  put  together  into  casks.  The  weight 
of  tlie  casks  filled  with  tobacco  averages  from  19  to  26  cwts.  In  some,  but  by  no 
means  in  all  instances,  the  cultivators  of  tobacco  prepare  the  leaves  to  some  extent  by 
first  moistening  them  with  brine  and  causing  them  to  undergo  a  partial  fermentation. 
The  leaves  are  then  dried  and  packed  in  casks.  By  this  means  the  tobacco  may  be 
preserved  for  a  great  many  years,  improving  with  age. 

smokinc  TobMco.  The  tobacco  leaves  are  first  sorted ;  that  is,  those  of  the  same  colour 
and  thickness  are  put  together.  They  are  next  stripped,  the  thicker  parts  (stem  or 
nerve)  being  cut  out,  because  as  these  consist  chiefly  of  woody  fibre  they  would  on 
burning  impart  an  unpleasant  odour  to  the  tobacco.  The  leaves  are  next  sauced  or 
moistened  with  a  liquor  containing  chiefly  salts  (common  salt,  saltpetre,  sal-ammo- 
niac, nitrate  of  ammonia),  saccharine  matter,  spirits,  and  some  organic  acids,  such  as 
tartaric  and  oxalic  acid;  the  salts  assist  in  the  preservation  as  well  as  in  the 
retardation  of  the  combustion  of  the  tobacco.  The  «ther  substances  impart,  under 
the  influence  of  fermentation,  a  peculiar  aroma  to  the  tobacco,  which  aroma  is  some- 
times compared  to  the  bouquet  of  wine.  The  sauced  leaves  are  next  submitted  to 
fermentation,  dried  at  a  gentle  heat,  and  finally  cut  into  shreds  by  means  of 
machinery.  Tobacco  leaves  are  also  twisted  or  spun  together ;  for  instance,  in  the 
kind  known  as  t^ist.  Cigars  are  tobacco  enveloped  in  a  smooth  leaf.  The  fact 
that  cigars  are  improved  by  keeping  is  due  to  a  kind  of  slow  fermentation,  during 
which  the  aroma  is  more  fully  developed,  while  noxious  substances  are  eliminated. 

Tobacco  smoke  contains,  in  addition  to  carbonic  acid,  water,  and  some  anmionia, 
the  products  of  the  dry  distillation  of  tobacco,  to  which  the  peculiar  flavour  is  due — 
among  these  substances  are  nicotine  and  nicotiauin.  Zeise  found  in  tobacco  smoke  a 
peculiar  empyrematical  oil,  butyric  acid,  ammonia,  carbonic  acid,  paraffin,  empyreu- 
matic  resin,  traces  of  acetic  acid,  oxide  of  carbon,  and  carburetted  hydrogen. 

Curiously  enough,  burning  tobacco  does  not  form  carbolic  acid  nor  creosote;  hence 
tobacco  smoke  affects  the  eyes  less  than  does  the  smoke  of  smouldering  wood.  Zeise 
experimented  on  Porto  Rico  tobacco :  but  his  researches  fail  to  convey  any  informa- 
tion as  to  the  constitution  of  the  essential  aroma  of  tobacco  smoke ;  in  this  respect  it 
is  with  tobacco  as  with  the  bouquet  of  fine  brands  of  wine,  oh^^mj^^;!  reagents  cannot 
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detect  the  difference.  But  it  is  certain  that  tobacco  smoke  contains  OQiQiigKted 
ammonias,  and  as  aniline  has,  in  very  dilute  state,  a  similarity  in  odour  with  the 
smoke  of  good  tobacco,  it  may  be  present.  Carbolic  acid  may  also  be  prodnoed  by 
the  dry  distillation  of  tobacco.  The  combustibility  of  tobacco  is  not  proportional  to  the 
quantity  of  nitric  acid  (nitrates)  it  contains,  because  while  Kentucky  tobacco,  rich  in 
nitrates  bums  badly,  the  Java,  Maryland,  Brazilian,  and  Hungarian  tobaocoe,  poor 
in  nitrates,  bum  readily.  Schloesing  has  recently  investigated  the  cause  of  the 
varying  degree  of  the  combustibility  of  tobacco.  He  found  that  the  portion  of 
tobacco  ash  soluble  in  water  always  contains  carbonate  of  potash  in  proportion  to  the 
combustibility  of  the  weed.  When  tobacco  was  carbonised  by  smoking,  the  soluble 
portion  of  the  ash  was  found  to  contain  only  chloride  of  potassium  and  sulphate  of 
potash.  A  badly  burning  tobacco  is  improved  by  saucing  it  with  the  solution  of  a 
potash  salt  of  some  organic  acid  (malic,  citric,  tartaric,  or  oxalic  acid),  and  then 
drying  the  tobacco ;  on  the  other  hand,  a  good  burning  tobacco  is  deteriorated  by 
treatinfT  it  with  solutions  of  either  sulphate  of  lime,  chloride  of  calcium,  or  the 
corresponding  magnesia  and  ammonia  compounds.  The  cause  of  this  phenomenon 
appears  to  be  due  to  the  fact  tliat  the  potash  salts  of  the  organic  acids  yield  on  being 
carbonised  a  bulky,  light,  and  very  porous  charcoal,  which  readily  bums  ofi^  leaving 
only  ash,  while  the  charcoal  formed  by  the  combustion,  under  the  same  conditions, 
of  the  organic  lime  salts  is  very  compact,  hard,  and  burning  off  with  difficulty. 

Bnns.  For  the  making  of  snuff  the  tobacco  leaves  are  sorted  as  for  smoking 
tobacco,  but  the  sauce  is  cliiefly  composed  of  ammoniacal  salts  and  aromatie 
substances.  The  fermented  leaves  are  formed  into  carottes,  thick  beet-root  shaped 
masses  tapering  from  the  centre  to  both  ends,  but  not  drawn  out  into  a  thin  spindle; 
these  carottes  are  rasped  (rappe)  by  means  of  machinery,  and  thus  converted  into 
powder.  After  having  been  sifted,  this  powder  is  again  moistened  and  submitted  to 
another  fermentation.  Snuff  contains  nicotine,  partly  free,  partly  as  a  neutral  or 
basic  (probably  acetate)  salt  to  an  amount  of  about  2  per  cent.  Snuff  also  contains 
ammonia  combined  with  an  acid.  It  is  to  the  presence  of  these  substances  that  snuff 
owes  its  irritating  action  on  the  mucous  membrane.  In  order  to  prevent  snuff 
from  becoming  dry  glycerine  is  frequently  added . 

The  aim  of  the  fermentation  of  the  tobacco  for  the  purpose  of  snuff  making  appeals 
to  be : — I.  The  formation  of  a  peculiar  oil  or  ether  which  imparts  aroma.  2.  The 
partial  destruction  of  the  nicotine  of  the  tobacco  so  as  to  render  it  better  fitted  for 
use  as  snuff.  3.  The  production  of  all<alinity  by  the  partial  destruction  of  the 
organic  acids  of  tlie  tobacco.  4.  Evolution  of  a  specific  flavour  by  the  formation  of 
vapours  of  carbonate  of  ammonia  (probably  also  of  ammonia  bases,  such  as  ethyl- 
amin),  and  nicotine.  5.  The  conversion  of  the  albuminous  matters  and  other 
nitrogenous  substances  into  ammonia,  whereby  the  loss  of  ammonia  by  volatilisation 
is  made  up  and  a  black  substance  (humus),  to  which  snuff  owes  its  dark  colour,  at 
the  same  time  formed. 

Technoloot  of  Essential  Oils  and  Resins. 

ElMntuioiiiftBdBMiiu.  These  substances  almost  all  occur  naturally.  To  the  essen- 
tial oils  most  plants  owe  their  odour  and  flowers  their  perfume.  The  essential  oil  in 
plants  is  met  with  enclosed  in  cells;  hence,  after  bruising  a  plant,  or  the  parts 
containing  the  essential  oil,  the  peculiar  odour  is  more  perceptible ;  for  instance,  by 
gently  rubbing  between  the  fingers  the  leaves  of  some  kinds  of  geraniums,  melissa, 
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lemon-plant,  &o.  Essential  oils  do  not  impart  to  the  fingers  a  fatty,  but  a  rather  rough, 
harsh  feeling.  A  large  number  of  essential  oils  possess  the  property  of  precipitating 
silver  from  its  ammoniacal  solution  in  a  metallic  state ;  hence  the  use  of  essential 
oils  in  silvering  glass  (See  p.  281). 

pNi>arRUoiiof  EiMnUaioito.  Theso  oils  are  chiefly  obtained  by  submitting  parts  of 
plants,  previously  ground  to  a  coarse  powder,  to  distillation  with  water.  Although 
the  boiling-point  of  these  oils  is  generally  much  liigher  than  that  of  water,  the  oils 
are  mechanically  carried  over  in  a  minute  state  of  division  with  the  aqueous  vapour. 
When  oils,  the  boiling-point  of  which  is  very  high,  have  to  be  extracted,  some  common 
salt  is  added  to  the  water  to  heighten  its  boiling-point.  In  order  to  separate  the  oil 
from  the  water  there  is  employed  a  peculiarly  shaped  vessel  called  a  Florentine 
flask.  In  this  way  the  esfsential  oils  of  aniseed,  chamomile,  lavender,  peppermint, 
cloves,  cinnamon,  &c.,  are  obtained,  while  the  most  common  essential  oil,  viz.,  that  of 
turpentine,  is  obtained  by  the  distillation  of  Venice  turpentine  with  water. 

^^SS^jv^L^^  The  essential  oils  largely  met  with  enclosed  in  the  cells  of  the 
skin  of  lemons,  oranges,  bergamots,  and,  in  fact,  all  the  fruits  belonging  to  the  Citrus 
species,  are  obtained  by  pressing  the  rind  of  these  fruits.  Although  the  greater 
number  of  the  essential  oils  occur  ready  formed  in  various  parts  of  tiie  plants,  some 
of  these  oils  are  the  result  of  the  action  of  water,  as,  for  instance,  the  essential  oil 
of  bitter  almonds,  which  is  formed  by  the  action  of  water  upon  amygdalin  under  the 
influence  of  a  pecular  albuminous  compound  called  synaptase  or  emulsin ;  the 
essential  oil  of  mustard  seed  is  formed  in  a  similar  manner,  but  may  be  artificially 
prepared  by  distilling  a  mixture  of  iodide  of  propyl  and  cyanide  of  potassium,  &c. 

*bSr^^  rf  Fmy*1wi2"*  ^Toie  of  the  essential  oils,  more  especially  those  present  in 
flowers,  are  so  sparingly  distributed  that  they  can  only  be  obtained  by  digesting  the 
fresh  flowers  with  pure  olive  oil  or  with  cotton-wool  soaked  in  sweet  olive  oil,  the 
fresh  flowers  being  placed  in  alternate  layers  between  the  cotton  saturated  with  oil ; 
in  some  cases  pure  lard  is  employed.  The  essential  oils  may  be  recovered  from  the 
sweet  oil  by  agitation  with  strong  and  highly  rectified  alcohol.  The  essential  oils  of 
jasmine,  sweet  violets,  hyacinths,  &c.,  are  obtained  in  this  manner. 

^^SSStSioiiI."**'  These  oils  are  more  or  less  soluble  in  water,  and  the  solutions 
are  known  in  pharmacy  as  distilled  waters.  The  essential  oils  are  soluble  in  alcohol 
in  proportion  to  tlie  amount  of  oxygen  they  contain.  Upon  this  property  is  based 
the  use  of  these  oils  in  perfumery  and  for  the  preparation  of  liqueurs  (cordials). 

pwfniDCTj.  This  branch  of  industry  provides  us  with  scented  waters  {esprits  eaux  de 
SMteur),  odoriferous  extracts  (ext raits  ^  odeurs),  perfumed  fats,  pomatums,  oils,  &c. 
Scented  waters  are  really  alcoholic  solutions  of  one  or  more  essential  oils.  The 
alcohol  used  fortius  purpose  requires  to  be  very  pure  and  perfectiy  free  from  fusel  oil 
or  other  impurity.  The  oils  are  dissolved  in  the  alcohol,  and  in  order  to  blend  the 
mixture  and  render  it  mellow,  it  is  kept  for  several  months  in  a  bottie  before  being 
sold.  The  old  process  of  distillation  is  very  properly  discarded,  because,  owing  to 
the  high  boiling-point  of  the  oils,  a  portion  was  left  in  the  still,  wliile  the  scented 
waters  thus  prepared  were  inferior  in  quality.  Eau  de  MiUs  Fleurs  is  prepared  by 
dissolving  in  9  litres  of  alcohol,  60  grms.  of  balsam  of  Peru,  120  grms.  of  oil  of 
bergamot,  60  grms.  of  oil  of  cloves,  15  grms.  of  neroli  oil  (oil  of  orange 
flowers,  a  very  expensive  oil),  15  grms.  of  oil  of  thyme,  adding  to  the  mixture 
4  litres  of  orange-blossom  water,  120  grms.  of  tincture  of  musk,  obtained  by 
digesting  15  grms.  of  civet  and  75  grms.  of  musk  with  2  litres  of  alcohol.    Eau 
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de  Cologne  is  obtwned  by  dissolving  in  6  litres  of  alcohol  32  grms.  'of  essentiiil 
oil  of  orange-peel  and  equal  qnantities  of  oil  of  bergamot,  lemon,  enenee  d€ 
UmetU,  essence  de  petit  grninn,  16  gnns.  essence  de  cedro,  and  equal  quantities  of 
essence  de  cedraty  essence  de  PorUigal ;  further,  8  grms.  of  neroli  oil  and  4  gnns.  of 

rosemary. 

The  perfumed  extracts  are  generally  obtained  by  the  exhaustion,  by  means  of 
alcohol,  of  the  scented  fats  and  oils  prepared  from  flowers  as  before  described. 
Doebereiner  first  suggested  the  use  of  artificial  perfumes;  among  these  are  an 
dwmieai  perfnmm.  alcoholic  solutiou  of  acetatc  of  amyl  as  pear  oil,  valerate  of  amyl  as 
apple  oil,  buterate  of  nmyl  as  pine-apple  oil,  pelargonate  of  ethyl  as  oil  of  quinces, 
suberate  of  ethyl  as  essence  of  mulberries,  while  nitrobenzol  mixed  with  nitrotoluol 
(commercial  nitrobenzol)  is  termed  artificial  oil  of  almonds,  and,  when  very  coarse,  is 
sold  as  essence  de  Mirhane,  chiefly  used  for  the  preparation  of  aniline.  The  perfumed 
fats  (pomatimis)  of  better  quality  are  generally  prepared  from  an  infusion  of  the 
flowers  with  oil  or  fat  at  a  temperature  of  65°,  or  by  a  process  of  digestion  in  the 
cold  by  placing  the  flowers  in  layers  between  pure  lard  or  cotton-wool  soaked  in 
very  pure  olive  oil ;  entieurage  is  the  name  given  to  this  operation.  The  ordinary 
pomatums  are  made  simply  of  lard  or  marrow-fat  coloured  with  turmeric,  annatto,  or 
alkanet  root,  and  perfumed  with  a  few  drops  of  some  essential  oil. 

PNPftntion  of  cordiAia.  The  aim  of  the  preparation  of  liqueurs  (cordials)  is  to  render 
brandy  a  more  agreeable  beverage  by  the  addition  of  sugar,  glycerine,  and  aromatic 
substances.  A  distinction  is  made  between  finer  liqueurs  (rosoglio)  land  ordinaiy 
cordials  {aqua  vitte)  according  to  the  quality  of  the  materials  employed  for  the  purpose. 
When  a  sufficiently  large  quantity  of  sugar  is  used  to  render  the  liqueurs  thickly  fluid 
they  are  designated  crimes,  while  those  made  witli  the  juices  of  fruit  obtained  by 
pressure,  sugar,  and  alcohol,  are  called  ratafia.  These  liqueurs  are  not  prepared  to 
any  great  extent  in  this  country ;  but  in  France,  Italy,  Austria,  and  especially  Holland, 
the  preparation  is  on  a  large  scale. 

The  basis  of  all  liqueurs  is  a  very  highly  rectified  and  pure  alcohol.  The 
vegetable  materials  used  in  the  liqueurs  may  be  classified  under  three  heads : — ^In 
the  first  place,  such  vegetable  substances  as  contain  essential  oils  and  are  used 
for  that  reason  only,  carraway,  aniseed,  juniper-berries,  mint,  lemon-peel,  orange- 
blossom,  and  bitter  almonds.  These  substances,  previously  bruised  or  cut  up,  are 
digested  witli  alcohol,  the  mixture  being  next  distilled,  or,  as  is  more  generally  the 
case,  alcoholic  solutions  of  tlie  essential  oils  are  employed  and  tlie  preparation 
performed  in  tlie  cold.  To  the  second  class  belong  such  vegetable  substances  as  are 
used  for  the  sake  of  their  essential  oil  and  for  their  aromatic  bitter  substances, 
chiefly  roots,  such  as  sweet  calamus,  gentian,  ginger,  orange-peel,  unripe  bitter 
Cura9oa  apples  (a  peculiar  kind  of  orange),  wormwood,  cloves,  cinnamon,  vanilla  (the 
pod  of  an  orchidaceous  plant  originally  brought  from  Mexico).  These  substances 
having  been  bruised  are  digested  with  alcohol  either  at  tlie  ordinary  temperature  of 
the  air  or  at  50°  to  60°,  the  result  being  the  foimation  of  what  is  termed  a  tincture. 
To  the  third  class  belong  fruits,  such  as  cherries,  pine-apples,  strawberries,  rasp- 
berries, tlie  juice  of  which  is  obtained  by  pressure,  passed  through  a  sieve,  and 
mixed  with,  alcohol  and  sugar  or  syrup,  viz.,  a  solution  of  4  lbs.  of  refined  loaf-sugar 
in  4  litres  of  water.  The  liqueurs  generally  contain  fi'om  46  to  50  per  cent  of  alcohol. 
It  is  customary  to  colour  the  liqueurs  red  with  santal-wood,  cochinealy^^^aniline  red, 
or  with  the  Coccus  polonicus,  as  is  tlie  case  \rith  the  celebrated  Alkermes  de  Firense, 
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a  liqnenr  made  at  Florence ;  yellow  with  safiron,  turmeric,  or  marigold  flowers 
{Calendula)  ;  green  by  mixing  yellow  and  blue ;  blue  with  tincture  of  indigo ;  violet 
with  aniline  violet;  while  in  many  cases  caramel  is  used  to  impart  a  brown  colour. 
The  so-called  crimes  contain  for  every  litre  of  liquid  about  i  lb.  of  sugar  or  a  corre- 
sponding quantity  of  glycerine.    As  an  instance  of  the  composition  of  a  liqueur. 
Maraschino  consists  of  4  litres  of  raspberry  water,  1}  Htres  orange-blossom  water, 
I  k  litres  kirschwasser  (a  Swiss  preparation — ^from  cherries  fermented  and  distilled — a 
strong  spirituous  liquid  which  contains  hydrocyanic  acid) ,  18  lbs.  of  sugar,  and  9  litres  of 
alcohol  at  89  to  90  per  cent.    Liqueurs  are  very  similar  to  crimes,  but  contains  less 
sugar.    English  bitter  contains  5  parts  of  fluvedo  corticum  aurantiorum  (outer  rind 
of  dried  orange  peel),  6  parts  of  cinchona  bark,  6  parts  of  gentian,  8  parts  of  Carduus 
benedict,  8  parts  of  centaury,  8  parts  of  wormwood,  4  of  orris  root  digested  with 
54  litres  of  alcohol  at  50  per  cent,  while  after  filtration  12  lbs.  of  sugar  are  added. 
Cherry  ratafia : — 20  litres  of  cherry  juice,  20  litres  of  alcohol  at  85  per  cent,  30  lbs. 
sugar,  and  usually  4  to  8  litres  of  bitter  almond  water.    Peppermint : — 2k  litres  of 
essential  oil  of  peppermint  dissolved  in  i  Utre  of  alcohol  at  80  per  cent ;  this  solution 
is  poured  into  54  litres  of  alcohol  at  72  per  cent  sweetened  with  60  lbs.  of  sugar 
previously  dissolved  in  26  litres  of  water,  and  coloured  with  either  tincture  of  indigo 
or  turmeric. 

Beiiini.  By  the  action  of  the  oxygen  of  the  air  most  of  the  essential  oils  are 
gradually  thickened,  and  at  length  converted  into  a  substance  termed  resin.  Eesins 
are  frequently  met  with  in  the  vegetable  kingdom ;  in  some  instances,  as  with 
coniferous  trees,  resin  flows  spontaneously  from  the  wood  in  combination  with  an 
essential  oil,  so-called  Venice  turpentine,  which  hardens  by  exposure  to  air.  Some 
resins  are  extracted  from  vegetable  matter  by  means  of  alcohol,  tliis  solution  being 
either  precipitated  with  water  or  evaporated  to  dryness.  Resins  are  either  soft,  and 
are  then  termed  balsams,  chiefly  solutions  of  resin  in  essential  oils,  or  hard.  To  the 
former  belong  Venice  turpentine,  Canada  balsam,  balsam  of  Peru,  Copaiva  balsam, 
&c. ;  to  the  latter,  amber  (a  fossil  resin),  anime,  copal,  gum  dammar,  mastic,  shellac, 
asphalte.  The  gum  resins  are  obtained  from  incisions  made  in  certain  kinds 
of  plants,  the  milky  juice  of  which  hardens  by  exposure  to  air;  these  substances 
are  partly  soluble  in  water,  and  yield  with  it  in  many  instances  an  emulsion ;  for 
instance,  assafoetida,  gum  gutti,  &c.  Many  gum  resins  possess  a  very  strong  odour 
and  contain  essential  oils.  Although  it  is  customary  to  treat  of  caoutchouc  and 
gutta-percha  under  the  head  of  resins,  these  substances  are  not  related  to  resins  at 
all,  but  belong  to  a  separate  class  of  bodies,  among  which,  according  to  Dr.  G.  J. 
Mulder  s  researches,  the  so-called  drying  oils  must  be  enumerated. 

^S^^wS "  Sealing-wax  of  modem  time  (for  mediaeval  sealing-wax  was  really 
a  mixture  of  wax  with  Venice  turpentine  and  colouring  matter)  is  prepared  from 
shellac,  to  which  some  turpentine  is  added  in  order  to  promote  fusibility  and 
prevent  brittleness.  lied  sealing-wax  and  bright  coloured  wax  are  made  of  a 
very  pale,  sometimes  even  purposely  bleached,  shellac,  while  black  and  dark 
coloured  sealing-wax  are  made  of  more  deeply  coloured  shellac.  In  addition  to 
shellac  and  turpentine,  sealing-wax  contains  earthy  matter,  added  not  only  for  the 
purpose  of  increasing  the  weight,  but  also  for  preventing  the  too  rapid  fusion 
of  the  mass;  chalk,  magnesia,  plaster  of  Paris,  zinc-white,  sulphate  of  baryta, 
kaolin,^  finely-divided  silica,  are  employed  for  this  purpose.  Red  sealing-wax  ia 
prepared  by  melting  together  in  an  iron  pan  placed  on  a  charcoal  fire  4  parts  of 
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shellac,  i  part  of  Venice  turpentine,  and  3  parts  of  cinnabar  (vennillion),  earo 

being  taken  to  stir  the  mixture  constantly.  Ordinary  red  sealing-wax  is  often 
composed  of: — 

I.  a.          3.  4*           5. 

Shellac 550  620        550  700        600 

Turpentine 740  680        600  540        600 

Chalk  or  magnesia     300  200        —  —         — 

Gypsum  or  zinc-white       200  —         —  —         — 

Baryta  white       —  100       380  300       300 

Vermillion    130  220       340  300        300 

Oil  of  turpentine —  —         —  20          25 

The  cooled  but  still  soft  mass  is  either  rolled  on  a  slab  of  marble  and  shaped  into 
sticks,  or  the  fluid  mass  is  run  into  brass  moulds.  Perfumed  sealing-waX  contains 
either  benzoin  resin,  storax,  or  balsam  of  Peru.  The  various  colours  are  imparted  by 
cobalt  ultramarine  (cobalt  blue),  chromate  of  lead,  bone-black,  &c.  Marbled  sealing- 
wax  is  made  by  mixing  variously  coloured  sealing-wax  together.  Inferior  kinds  of 
sealing-wax — ^parcel-wax — are  coloured  with  red  oxide  of  iron,  while  instead  of 
shellac  ordinary  resin  is  used  with  g3rpsum  or  chalk.  New  Zealand  resin,  the 
produce  of  the  Xanthorrhcea  hastilii,  is  now  frequently  used  instead  of  shellac. 

Aipkikiu.  This  material  sometimes  known  as  bitumen,  is  a  black,  glossy,  brittle 
resin,  probably  formed  by  the  gradual  oxidation  of  petroleum  oil ;  it  occurs  very 
largely  on  the  island  of  Trinidad,  on  the  northern  coast  of  S.  America,  at  the  month 
of  the  Orinoco,  on  the  water  of  the  Dead  Sea  (anciently  Locus  A$phaltite9),  and 
in  some  other  localties,  viz.  France,  Seyssel,  Departement  de  TAin,  a  limestone  con- 
taining 18  per  cent  of  asphalt.  By  boiling  this  limestone,  preWously  broken  np 
into  small  lumps,  with  water,  there  is  obtained  an  asphalte,  7  parts  of  which  are 
mixed  with  90  parts  of  native  asphalte  limestone.  The  materials  are  ground  np^ 
together  and  are  employed  for  paving  purposes,  being  compressed  with  heavy  and 
highly  heated  irons.  Asphalte  also  occurs  at  Val  de  Travers,  Switzerland ;  limmer, 
Hanover;  Lobsann,  Lower  Alsace;  and  in  tlie  Northern  Tyrol.  Asphalte,  or 
bitumen,  is  somewhat  soluble  in  alcohol,  readily  so  in  Persian  naphtha,  oil  of  turpen- 
tine, benzol,  and  benzoline.  It  is  used  in  varnish  making  (iron  varnish),  in  engra- 
ving copper  and  steel,  as  an  etcliing  ground,  and  as  an  oil  paint  Asphalte  mixed 
with  sand,  lime,  or  limestone,  is  largely  used  for  paving  purposes,  being  durable  and 
somewhat  elastic ;  it  is  employed  for  this  purpose  either  in  a  pasty  or  semi-fused 
state,  or  in  powder.  Instead  of  native  asphalte,  Busse's  terresin,  a  mixture  of  coal- 
tar,  lime,  and  sulphur  is  sometimes  used,  as  well  as  coal-tar  asphalte,  obtained  from 
gas  works.  The  residue  of  the  distillation  of  coal-tar  is  often  employed  instead  of 
asphalte,  and  pebbles  mingled  with  coal-tar  are  now  used  to  form  excellent  footpaths 
in  some  parts  of  the  metropolis. 

GMatehoue.  Elastic  gum  or  india-rubber,  is  derived  from  the  the  milky  juice  of  a 
series  of  plants,  occurring  also  in  opium ;  but  the  commercial  article  is  obtained 
from  the  milky  juice  of  various  trees  belonging  to  the  natural  orders  of  the  Urtice^, 
Euphorh%€tcea,  Apocyrure.  Among  the  trees  which  yield  caoutchouc  in  large  qoantity 
are  the  Siphonia  cahucu,  in  South  America,  and  the  East  Indian,  Ureeola  elasUoa. 
FieuM  dastioa,  F.  reUgio$af  F,  indioa,  also  yield  caoutchouc.  It  is  obtained  by 
making  incisions  in  the  tree  and  collecting  the  exuding  juice  in  vessels  of  dried  clay. 
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Tlie  juice  is  solidified  by  the  application  of  fire  or  by  exposure  to  the  8im*s  rays ;  the 
variety  known  as  lard  gum  is  usually  dried  by  exposure  to  the  sun.  Perfectly  pure 
caoutchouc  is  a  white,  and  in  thin  sheets  semi-transparent,  substance ;  its  texture  is 
not  fibrous ;  it  is  perfectly  elastic,  becoming  turbid  and  fibrous  when  strongly 
stretched.  Excessive  cold  renders  it  hard  but  not  brittle.  The  specific  gravity  of 
caoutchouc  is  0*925.  Although  hot  water  and  steam  render  caoutchouc  soft,  it  is  not 
further  acted  upon  by  them.  It  is  insoluble  in  alcohol,  not  acted  upon  by  dilate 
acids  or  strong  alkalies,  while  for  a  very  long  time  it  resists  the  action  of  chlorine. 
Strong  sulphuric  and  nitric  acids  decompose  india-rubber,  and  when  red  fuming 
nitric  acid  is  employed  a  violent  combustion  ensues.  If  when  strongly  stretched 
india-rubber  is  placed  in  cold  water  for  a  few  minutes  it  temporarily  loses  its 
elasticity,  which  it  regains  by  being  immersed  for  a  few  minutes  in  water  at  45°.  By 
exposure  to  a  genUe  heat  caoutchouc  becomes  supple,  and  finally  melts  at  200  ,  with 
partial  decomposition,  forming  a  viscous  mass  which  does  not  again  become  solid  on 
cooling.  When  caoutphouc  is  ignited  in  contact  with  air  it  bums  with  a  sooty  flame. 
Of  all  substances  with  which  we  are  acquainted  none  would  be  better  suited  to  gas 
manufacture  than  caoutchouc,  which,  according  to  experiments  made  many  years  ago 
at  Utrecht,  yields  at  red  heat  rather  more  than  30,000  cubic  feet  of  gas  to  the  ton,  the 
gas  being  quite  free  from  sulphur  and  ammonia  compounds,  and  its  illuminating 
power  very  superior  to  that  of  the  best  oil  gas.  Unfortunately  caoutchouc  is  much 
too  high  priced  for  this  application.  Caoutchouc  may  be  kneaded  with  sulphur 
and  other  substances  by  the  aid  of  heat,  becoming  converted  into  what  is  known  as 
vulcanised  india-rubber,  vulcanite,  ebonite,  &c.  When  caoutchouc  is  submitted  to 
dry  distillation,  at  much  below  red  heat,  it  yields  only  oily  fluids,  consisting  of 
carbon  and  hydrogen  (caoutchen,  heveen,  &c.),  which  axe  par  excelUnoe  solvents  for 
caoutchouc.  Caoutchouc  itself  contains  only  carbon  and  hydrogen,  its  formula  being 
C4U7  (in  100 parts:  875  carbon  and  125  hydrogen) ;  probably,  however,  caoutchouc 
is  a  more  complex  mixture  of  various  hydrocarbons, 
sotrenu  of  OMutehoiM.  India-rubbsr  is  soluble  in  alcohol-free  ether,  in  the  oils 
(empyreumatic)  of  caoutchouc,  in  Persian  naphtha,  oil  of  turpentine,  sulphide  of 
carbon,  and  in  chloroform.  Industrially  the  ethereal  solution  of  caoutchouc  is 
useless,  because  it  contains  hardly  more  than  a  trace  of  that  substance.  As  regards 
oil  of  turpentine,  it  dissolves  caoutchouc  only  when  the  oil  is  very  pure  and  with  the 
application  of  heat ;  the  ordinary  oil  of  turpentine  of  commerce  causes  india-rubber 
to  swell  rather  than  to  become  dissolved.  In  order  to  prevent  the  viscosity  of  the 
india-rubber  when  evaporated  from  this  solution,  i  part  of  caoutchouc  is  worked  up 
with  1 1  parts  of  turpentine  into  a  thin  paste,  to  which  is  added  k  part  of  a  hot  and 
concentrated  solution  of  sulphuret  of  potassium  (K2S5)  in  water ;  the  yellow  liquid 
formed  leaves  the  caoutchouc  perfectly  elastic  and  without  any  viscosity.  The  solu- 
tions of  caoutchouc  in  coal-tar  naphtha  and  benzoline  are  most  suited  to  unite  pieces 
of  caoutchouc,  but  the  odour  of  the  solvents  is  perceptible  for  a  long  time.  As 
chloroform  is  too  expensive  for  common  use,  sulphide  of  carbon  is  the  most  usual 
and  also  the  best  solvent  for  caoutchouc.  This  solution,  owing  to  the  volatility  of  the 
menstruum,  soon  dries,  leaving  the  caoutchouc  in  its  natural  state.  When  alcohol  is 
mixed  with  sulphide  of  carbon  the  latter  does  not  any  longer  dissolve  the  caoutchouc, 
but  simply  softens  it  and  renders  it  capable  of  being  more  readily  vulcanised. 
Alcohol  precipitates  solutions  of  caoutchouc  and  gutta-percha. 
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''"'SlSSSiSbiS'*^      India-rubber  is  used  to  clean  paper,  rub  out  black-lead  penoO 
marks,  for  making  waterproof  fabrics  (macintosh),  rubber  sponge,  tubing,  elastic  webs, 

lutes,  &c. 

YQiflwiiMd  caontehone.  When  caoutchouc  is  immersed  for  some  time  in  molten  sulphur 
it  absorbs  the  latter,  and  becomes  converted  into  a  yellow,  veiy  elastic  mass.  The 
properties  of  yulcanised  india-rubber  are :  elasticity  even  at  low  temperatures,  while 
ordinary  india-rubber  hardens  at  3°.  Vulcanised  india-rubber  is  insoluble  in  the  sol- 
vents of  caoutchouc.  It  resists  compression  to  a  very  great  extent ;  hence  its  use 
instead  of  steel  springs  on  the  tramway  cars.  According  to  the  old  method 
caoutchouc  was  vulcanised  by  being  placed  for  some  ten  to  fifteen  minutes  in 
thin  plates  in  molten  sulphur  heated  to  120°,  the  weight  of  the  caoutchouc  increasing 
ID  to  15  per  cent.  The  material  was  subsequently  mechanically  treated  by  pressure, 
and  then  heated  to  150°.  In  order  to  prevent  efflorescence  of  the  sulphur, 
caoutchouc  is  sometimes  heated  to  120°,  and  then  kneaded,  by  the  aid  of  powerful 
machinery,  with  either  kermes  (Sb2S3),  or  a  mixture  of  sulphur  and  sulphuret  of 
arsenic.  At  the  present  day  Parkes's  method  is  generally  adopted ;  the  caoutchouc  is 
simply  immersed  in  a  mixture  of  40  parts  of  sulphide  of  carbon  and  i  part  of 
chloride  of  sulphur ;  it  is  next  placed  in  a  room  heated  to  21%  and  when  all  the  sul- 
phide of  carbon  has  been  volatilised,  the  process  is  in  so  far  complete  that  it  is  only 
requisite  to  boil  the  material  in  a  solution  of  500  grms.  of  caustic  potassa  to  10  litres 
of  water,  the  vulcanised  caoutchouc  being  next  washed  to  remove  excess  of  alkali. 
Becently  (1870)  Humphrey  has  introduced  the  use  of  petroleum  ether  (benzoline) 
'  instead  of  sulphide  of  carbon,  as  the  former  fluid  dissolves  chloride  of  sulphur 
readily.  H.  Graultier  de  Claubry  (i860)  vulcanises  caoutchouc  by  the  aid  of 
bleaching-powder  and  flowers  of  sulphur.  This  mixture  produces  chloride  of 
sulphur,  and  the  caoutchouc  treated  by  it  contains  some  chloride  of  calcium. 
Neither  this  process  nor  that  of  Gerard — the  use  of  a  solution  of  pentasulphide  of 
potassium  of  25^*  to  30°  B.,  aided  by  a  temperature  of  I5o^  and  a  pressure  of 
5  atmospheres  or  75  lbs.  to  the  square  inch — are  practically  available  on  the 
large  scale.  Articles  of  vulcanised  india-rubber  are  made  of  ordinary  caoutchouo 
and  then  vulcanised.  The  uses  of  vulcanised  india-rubber  are  so  many  and  so 
generally  known  that  it  is  hardly  necessary  to  enumerate  them. 

In  the  year  1852  Goodyear  discovered  a  process  by  which  caoutchouc  is  rendered 
hard  and  woodlike,  being  then  termed  vulcanite  or  ebonite.  This  substance  exhibits 
a  black  or  brown  colour,  and  is  largely  used  for  making  combs,  imitation  jet 
ornaments,  stethescopes,  and  a  variety  of  articles.  The  preparation  of  ebonite  differs 
from  that  of  vulcanite  only  in  the  introduction  of  a  larger  amount  of  sulphur 
(30  to  60  per  cent),  at  a  higher  temperature,  with  the  addition  of  other  substances, 
shellac,  gutta-percha,  asphalte,  chalk,  sulphate  of  baryta,  pipe-clay,  sulphurets  of 
zinc,  antimony,  or  copper,  &c.  Ebonite  is  capable  of  taking  a  high  polish ;  does 
not,  as  is  the  case  with  horn,  become  rough  when  cleaned  with  hot  water,  and  is  to 
some  extent  elastic.  Vulcanised  caoutchouc  mixed  with  sand,  emery,  and  quartz, 
is  used  for  sharpening  agricultural  implements,  scythes,  sickles,  &c. 

Ptodnetion  and  coniraiiiptioii  The  total  quantity  of  caoutohouc  produced  in  1870  amounted  to 
of  caoutchonc  120,000  cwts.,  of  which  the  island  of  Java  yielded  60,000  owts. 

The  oonsumption  is  fully  equal  to  the  supply,  the  largest  qxumtity  being  used  in  North 
America,  35,000  cwts. 

oiittikp«reha.  Plastic  gum,  gutta  or  getah-percha,  gettannia  gum,  tuban  gum,  is  a 
substance  iu  many  respects  similar  to  caoutchouc ;  it  is  the  inspissated  juioe  of  the 


GUTTA-PERCHA.  487 

Itonandra  gutta^  a  tree  growing  in  Malacca,  Borneo,  Singapore,  Java,  Madura,  and 
adjacent  conntries. 

Gutta-percha  was  at  first  obtained  by  felling  the  trees  and  collecting  the  exuding 
juice,  either  in  suitable  vessels  or  in  shallow  pits  dug  in  tlie  soil,  or  in  baskets  made 
from  banyan  leaves,  the  juice  being  left  to  coagulate  under  the  action  of  the  sun. 
More  recently  deep  incisions  are  made  in  the  trees  and  the  exuding  juice  collected. 
The  lumps  of  solid  gutta-percha  thus  obtained  are  united  by  softening  in  hot  water 
and  by  pressure.  The  raw  gutta-percha  of  commerce  is  a  dry,  red,  or  marbled  mass, 
not  unlike  leather  cuttings  which  have  been  pressed  together ;  the  raw  material  con- 
tains as  impurities  some  sand,  small  pieces  of  wood  and  bark,  and  sometimes  other 
inspissated  vegetable  juices  of  less  value  than  gutta-percha.  The  name  gutta- 
percha really  means  Sumatra  gum,  this  island  being  known  in  Malay  language  as 
Pulo-percha.  When  perfectly  pure  gutta-percha  is  quite  wliite,  its  ordinary  brown 
colour  being  due  to  an  acid  insoluble  in  water,  which  is  present,  partly  free,  partly  as 
insoluble  salts  (of  magnesia,  ammonia,  potasli,  and  protoxide  of  manganese), 
of  apocrenic  acid ;  but  in  addition  there  is  a  small  quantity  of  organic  colouring 
matter.  Gutta-percha  is  a  mixture  of  several  ox^'geu-coutainiug  resins,  which 
appear  to  be  the  products  of  the  oxidation  of  a  hydrocarbon,  the  formula  of  which  is 
CaoHfio-  IVyen  found  in  gutta-percha  tlie  following  substances : — 75  to  80  per  cent 
of  pure  gutta-percha ;  14  to  16  per  cent  of  a  white  ciystolline  resin  termed  alban ; 
and  from  4  to  6  per  cent  of  an  amorphous  yellow  resin  named  iiuavil.  Previously  to 
being  used  gutta-percha  is  cleansed  from  dirt  by  a  mechanical  process  of  kneading 
in  warm  water,  being  then  usually  rolled  into  thick  plates  or  sheets.  The  purified 
material  exhibits  a  chocolate-brown  colour,  is  not  transparent  unless  first  reduced  to 
sheets  as  tliin  as  paper,  when  the  gutta-percha  is  in  transparency  equal  to  horn.  At 
the  ordinary  temperature  of  the  air  gutta-percha  is  very  tough,  stiff,  not  very  elastic 
nor  ductile.  Every  square  inch  of  a  strap  of  gutta-percha,  if  of  good  quality  and  as 
homogeneous  as  possible,  can  sustain  a  strain  of  1872  kilos,  witliout  breaking.  Its 
sp.  gr.  =  0*979.  At  50°  it  becomes  soft,  and  at  70°  to  80°  it  is  so  soft  as  to  be  very 
readily  moulded,  wliile  two  pieces  pressed  togetlier  at  tliis  temperature  become 
perfectly  joined.  By  the  aid  of  heat  gutta-percha  can  be  rolled  into  sheets,  drawn 
into  wire,  and  kneaded  into  a  homogeneous  mass  witli  caoutchouc. 

Solvent*  of  oatu-Percbiu  Gutta-pcrcha  is  insolublc  in  water,  alcohol,  dilute  acids,  and 
alkalies ;  it  is  soluble  in  warm  oil  of  turpentine,  sulphide  of  carbon,  chloroform,  coal- 
tar  oil,  caoutchouc  oil,  and  in  the  somewhat  similar  oil  obtained  by  the  dry  distilla- 
tion of  gutta-percha.  Etlier  and  some  of  the  essential  oils  render  gutta-percha  pasty. 
As  already  stated  this  substance  becomes  soft  in  hot  water,  absorbing  a  small  quantity, 
which  is  only  very  slowly  driven  ofif.  Dry  gutta-percha  is  a  very  good  insulating 
material  for  electricity. 

umi of  ootuPvehA.  The  natural  properties  of  this  substance  indicate  its  use  as  a  sub- 
stitute for  leather,  papier  mach6,  cardboard,  wood,  millboard,  paper,  metal,  (&c.,  in  cdl 
oases  not  exposed  to  the  action  of  Ueat,  and  where  a  substance  is  desired  resisting  water, 
alcohol,  dilute  acids,  and  alkalies.  The  raw  material,  previously  to  being  moulded  into 
shape,  is  purified  and  kneaded  by  means  of  powerful  machinery  and  with  the  assistance 
of  hot  water  (some  soda  or  bleaching -powder  solution  being  added),  the  aim  being 
the  removal  of  such  impurities  as  are  only  mechanically  mixed  with  the  gutta-percha  as 
well  as  the  removal  of  some  of  the  colouring  matter,  while  a  more  homogeneous  mass  is 
produced.  The  purified  substance  is  next  submitted  to  the  action  of  kneading  machinery 
similar  to  that  in  use  for  working  up  caoutchouc,  while  it  is  rolled  out  into  plates  of  some 
3  centimetres  in  thickness.  Gutta-percha  is  moulded  into  tubes  by  the  aid  of  machinery 
similar  to  that  employed  for  making  lead  and  block-tin  tubing.  Many  objects  are  made 
from  gutta-percha  by  pressing  it  while  soft  iuto  wooden  or  metal  moulds.    By  the  use  of 


488  CHEMICAL  TECHNOLOGY. 

a  solution  of  gntta-peroha  in  benzol,  it  may  be  glued  to  leather  and  eimilflr  snbBtaiiMe. 
It  is  almost  impossible  to  enumerate  the  various  uses  of  gutta-percha.  It  is  employed 
for  straps  for  machinery  instead  of  leather,  tubes  for  conveying  water,  pumps,  pails,  sor- 
•gical  instruments,  ornamental  objects  of  various  kinds,  for  covering  telegraph  wires,  Ac. 
Unlike  pure  caoutchouc  gutta-percha  becomes  gradually  deteriorated  by  exposure  to  the 
atmosphere,  so  that  it  can  be  even  readily  ground  to  powder. 
MUtun of  oatupenha  Frequently  a  mixture  of  x  part  of  gutta-percha  and  a  parts 
and  «»outflhone.  of  caoutchouc  is  employed.  Articles  made  of  this  oomponnd 
possess  the  properties  of  both  substances,  and  may  be  vulcanised  equally  as  well  as 
gutta-percha  alone.  A  mixture  of  equal  parts  of  caoutchouc,  gutta-percha,  and  sulphur, 
heated  for  several  hours  to  120°,  obtains  properties  similar  to  those  of  bone  and  nom. 
Sometimes  gypsum,  resin,  and  lead  compounds  are  added  to  this  mixture,  which  is  then 
used  for  making  knife  hafts,  buttons,  <&c. 

vaniiahw.  By  vamish  we  understand  a  liquid  of  an  oily  or  resinous  nature 
employed  for  coating  various  objects,  the  tliin  film  becoming  dry  and  hard,  thus 
protecting  the  object  on  which  it  is  laid  from  the  action  of  air  and  water,  .and 
at  the  same  time  imparting  a  glossy  and  shining  surface.    We  distinguish  oil  and 

ofl  vunithM.  spirit  varnishes.  Oil  varnishes  are  usually  prepared  from  linseed  oil, 
but  sometimes,  especially  for  artist's  purposes,  poppy  seed  and  walnut  oil  (so-called 
drying  oils)  are  used.  Linseed  oil  (raw)  becomes  slowly  converted  by  the  action  of 
the  air  into  a  tough,  elastic,  semi-transparent  mass ;  but  this  property  is  x>os8es8ed  in 
a  far  higher  degree  by  tiie  so-called  boiled  oil,  that  is  to  say — an  oil  which  has  been 
brought  by  the  action  of  heat  and  of  oxidising  materials  into  a  state  of  greater 
activity,  in  fact — into  a  state  of  incipient  slow  oxidation,  the  result  of  which  is  the 
formation  of  the  substance  termed  by  Dr.  G.  J.  Mulder  *  linoxine,  which  in  many  of 
its  properties  corresponds  to  caoutchouc.  The  drying  of  oil  varnishes  is  not  there- 
fore due  to  evaporation  (leaving,  as  is  the  case  with  alcohol  varnishes,  a  coherent  film 
of  resin),  but  to  the  oxidising  action  of  the  oxygen  of  the  air,  whereby  a  coherent 
film  of  linoxine  is  formed.  Linseed  oil  (raw)  is  converted  into  what  is  termed 
vamish  by  heating  Uie  oil  with  certain  substances  which  more  or  less  readily  give  off 
oxygen,  while  these  substances  also  act  upon  the  elaine,  palmitine,  and  myristine  of 
the  linseed  oiL  The  greater  part  of  the  linseed  and  other  drying  oils  is  linoleine, 
3(C32H2703),C6H503,  which  by  slow  oxidation  becomes  linoxine  =  C3aHa70ii,  by 
the  action  of  alkalies  converted  into  linoxic  acid,  1x0,032112509.  The  substances 
witii  which  raw  linseed  oil  is  boiled  are  litharge,  oxide  of  zinc,  and  peroxide  of  man- 
ganese. It  is  certainly  preferable  to  carry  this  operation  into  effect  upon  the  water 
bath,  or  at  least  with  vessels  provided  with  steam  jackets.  The  oxides  are  employed 
in  coarse  powders,  which  are  suspended  in  a  linen  bag  in  the  oil.  In  practice  i  part 
of  oxide  of  zinc  or  litharge  is  taken  to  16  parts  of  raw  oil ;  and  of  the  manganese 
I  part  to  10  of  oil ;  the  oxides  become  partially  dissolved  in  the  oil,  while  they  aid 
in  converting  the  palmitine,  &c.  (not  linoleine),  into  plaster  (lead  or  zinc  soap). 
Boiled  linseed  oil  usually  contains  from  25  to  3  per  cent  of  litharge  dissolved. 
Neither  the  addition  of  sulphate  of  zinc  nor  such  absurdly  added  substances  as 
onions,  bread  crust,  or  beet-root  have  any  result  whatever.  Linseed  oil  intended  to 
be  mixed  with  zinc-white  should  not  be  boiled  with  litharge,  but  with  peroxide 
of  manganese.  The  lower  the  temperature  at  which  linseed  oil  is  boiled  the  brighter 
its  colour.  Mulder  found  Uiat  when  raw  linseed  oil,  especially  if  old,  was  kept  for 
12  to  18  hours  at  a  temperature  of  100°,  it  acquired  the  property  of  boiled  oiL 
Sometimes  after  boiling  linseed  oil  is  bleached  by  exposing  it  in  shallow  trays 

*  This  author  published  some  years  ago  in  the  Dutch  language  a  highly  interesting  and 
valuable  work— practically  as  well  as  scientifically— on  the  drying-oils. 


VARNISHES.  489 

10  centims.  deep,  best  made  of  sheet  lead,  covered  with  sheets  of  glass,  to  the  action 

of  strong  summer  sunlight.     Ldebig's  recipe  for  maJdng  a  bright  varnish  is  the 

following : — To  10  kilos,  of  raw  linseed  oil  are  added  300  grms.  of  finely  pulverised 

htharge,  after  which  there  is  added  a  solution  of  600  grms.  of  acetate  of  lead ;  the 

mixture  is  vigorously  stirred,  and  after  the  subsidence  of  the  materials  the  clear 

varnish  is  ready  for  use.    Borate  of  manganese  is,  according  to  Barruel  and  Jean, 

an  excellent  so-called  siccative  (dryerj  when  added  to  raw  linseed  oil,  i  part  to  1000 

of  oil.    Mulder's  experiments  confirm  thrs  statement  in  every  respect. 

Gold  8ix«.  This  is  used  in  gilding  for  fixing  gold  leaf  on  wood,  paper,  dMS.,  and  consists 
of  a  solution  of  hnseed  oil  and  lead  plaster  in  oil  of  turpentine,  prepared  by  first 
saponifying  linseed  oil  with  caustic  soda  or  potassa,  and  precipitating  the  aqueous 
solution  of  the  soap  with  a  solution  of  acetate  of  lead,  the  lead  soap  thus  formed  being 
next  dissolved  in  oil  of  turpentine.  « 

Prinunff  Ink.  This  is,  whcu  genuine  and  prepared  from  good  linseed  or  walnut  oil, 
anhydride  of  linoleic  acid,  C32H27OS,  mixed  with  very  finely  divided  lamp-black,  and 
obtained  by  heating  raw  linseed  oil  for  several  hours,  at  a  high  temperature 
(315**  to  360**),  whereby  the  fatty  constituents — glycerine,  palmitine,  Ac. — are 
volatilised.  Usually  the  oil  is  heated  in  vessels  direcUy  exposed  to  the  action 
of  fire,  and  as  the  colour  of  the  ink  is  black,  a  deep  colour  of  the  residue  of  the 
heating  of  the  oil  is  not  of  much  consequence.  In  order  to  render  printing  ink  more 
rapidly  drying,  some  borate  of  manganese  may  be  heated  with  it  at  315**  for  some 
hours.  The  quantity  of  fine  lamp-black  (best  re-ignited  in  close  vessels,  or  exhausted 
with  boiling  alcohol)  usually  added  to  printing  ink,  amounts  to  about  16  per  cent. 
Soap  is  added  in  order  to  prevent  smearing  and  assist  in  obtaining  sharpness 
of  impression.  Coloured  printing  inks  are  obtained  by  adding  to  boiled  oil  red  or 
blue  or  other  pigments ;  for  red  vermiUion  is  used.  The  ink  used  in  lithography 
and  copper-plate  printing  is  made  thicker,  a  better  black  being  added. 

ou  vwniihM.  The  so-called  fat  or  oil  varnishes  are  solutions  of  resins  in  boiled  lin- 
seed oil  mixed  with  oil  of  turpentine,  benzol,  or  benzoline.  Amber,  copal,  anime, 
gum  dammar,  and  asphalte,  are  among  the  more  ordinary  resins  employed  for  this  pur- 
pose, the  varnishes  being  made  by  melting,  with  the  aid  of  gentle  heat,  the  amber, 
copal,  &c.,  to  which,  while  liquid,  boiling  linseed  oil  is  added.  The  cauldron  in 
which  this  operation  takes  place  should  only  be  two-thirds  filled ;  and  the  mixture  of 
oil  and  resin  kept  boiling  for  ten  minutes.  The  cauldron  having  been  removed  from 
the  fire  its  contents  are  allowed  to  cool  down  to  140°,  when  tlie  oil  of  turpentine  is 
added.  The  quantities  by  weight  are  10  parts  copal  or  amber,  20  to  30  boiled 
linseed  oil,  25  to  30  oil  of  turpentine.  Black  asphalte  varnish  is  obtained  in  a 
similar  manner  by  treating  3  parts  of  asphalte,  4  of  boiled  linseed  oil,  and  15  to  18 
parts  of  oil  of  turpentine.  Dark  coloured  amber  varnish  is  not  prepared  from 
amber  but  from  the  residue  (amber  oolophonium)  of  the  distillation  of  the  empy- 
reumatic  oil  of  amber  and  succinic  acid  left  in  the  still  from  the  preparation  of 
succinic  acid.  These  varnishes  are  the  most  durable,  but  they  dry  slowly  and 
are  more  or  less  coloured. 

Spirit  vanxiih.  The  so-callcd  spirit  varnishes  are  solutions  of  certain  resins, 
viz.  sandarac,  mastic,  gumlac  (shellac),  anime  in  sicohol,  aceton,  wood  spirit, 
benzoline,  or  sulphide  of  carbon.  Good  spirit  varnish  ought  to  dry  rapidly,  give  a 
glossy  surface,  adhere  strongly,  and  be  neither  brittle  nor  viscous.  As  sheUac  is 
frequently  employed,  the  name  of  lac  varnish  is  sometimes  given  to  these  varnishes. 
The  spirit,  usually  methylated  spirit,  ought  to  be  strong,  about  92  per  cent    The 
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solution  of  the  resins  is  promoted  by  the  addition  of  one-third  of  their 
of  coarsely  powdered  glass  for  the  purpose  of  preventing  the  resinoiis  matter  caking 
together,  and  being  thus  to  some  extent  withdrawn  from  the  solvent  action  of 
the  alcohol.  In  order  to  render  tlie  coating  remaining  from  the  evaporation  of 
the  spirit  less  brittle,  Venice  turpentine  is  usually  added.  Sandazae  Tamish 
is  obtained  by  dissolving  lo  parts  of  sandarac  and  i  of  Venice  turpentine  in  30  of 
spirit.  Shellac  varnish,  more  durable  tlian  the  former,  is  obtained  by  diasolviiig 
I  part  of  shellac  in  3  to  5  of  spirits.  French  polish  is  a  solution  of  ahellae  in 
a  large  quantity  of  spirits,  and  when  this  polish  is  to  be  applied  to  white  wood,  the 
varnish  is  bleached  by  filtration  over  animal  charcoal.  Copal  varnish,  £Eur  superior 
to  the  foregoing,  is  made  by  first  melting  the  resin  at  as  gentle  a  heat  as  possible 
BO  as  to  prevent  the  colouration  of  "the  substance,  wliich  is  next  pulverised*  mixed 
with  sand,  treated  with  strong  alcohol  on  a  water  bath,  and  filtered.  A  solntioa 
of  turpentine  or  clemi  resin  is  added  to  render  the  varnish  softer.  Colourless  copal 
varnish  is  obtained  by  pouring  over  6  Idlos.  of  previously  pulverised  and  molten 
copal,  contained  in  a  vessel  which  may  be  closed,  6  kilos,  of  alcohol  at  98  per  cent, 
4  kilos,  of  oil  of  turpentine,  and  i  kilo,  of  ether ;  the  vessel  containing  this  mixtoze 
having  been  closed  is  gently  heated.    The  solution  is  clarified  by  decantation. 

ooiooxvd  Spirit  vuniihet.  Thcse  are  used  chiefly  for  the  purpose  of  coating  instruments, 
and  other  objects  of  brass  and  coloured  metallic  alloys,  so  as  to  prevent  the  action 
of  the  atmosphere.  Such  varnishes  are  used  for  imparting  a  gold-colour  to 
base  metals ;  for  tliis  purpose  alcoholic  tinctures  of  gummi-gutta  and  dragon's  blood* 
or  fuchsin,  picric  acid,  Martins  yellow,  and  corallin,  are  separately  prepared  and 
added,  in  quantities  found  by  trial,  to  a  varnish  consisting  of  2  parts  of  seed  lac,  4  of 
sandarac,  4  of  elemi,  and  40  of  alcohol. 

Torptntine  ou  varnithM.  Theso  sro  prepared  in  the  same  manner  as  the  preceding. 
They  dry  more  slowly,  but  are  less  brittle  and  more  durable.  Common  turpentioe 
oil  varnish  is  obtained  by  dissolving  ordinary  resin  in  oil  of  turpentine ;  but  this 
varnish  is  liable  to  crack.  Copal  is  either  dissolved  in  oil  of  turpentine,  without  or 
after  having  been  melted ;  in  the  latter  case  the  varnish  being  coloured.  When  non- 
melted  copal  is  used  it  is  broken  into  small  lumps,  and  is  suspended  in  a  stout  canvas 
bag  over  the  surface  of  the  oil  of  turpentine  contained  in  a  glass  flask  and  placed  on 
a  sand  bath,  the  vapours  arising  from  tlie  oil  of  turpentine  gradually  dissolving  the 
copal.  Dammar  gum  resin  varnish  made  with  oil  of  turpentine  is  prepared  by 
drying  the  resin  at  a  gentle  heat  and  dissolving  it  in  three  to  four  times  its  weight  of 
oil  of  tupentine.  This  varnish,  though  colourless,  is  not  veiy  durable.  Green 
turpentine  oil  varnish  is  prepared  by  dissolving  sandarac  or  mastic  in  concentrated 
caustic  potash  solution,  diluting  with  water,  and  precipitating  with  acetate  of  copper, 
the  dried  precipitate  being  dissolved  in  oil  of  turpentine. 

PoUdiinff  the  Dried  Turniflb.  In  Order  to  increase  the  gloss  of  varnished  surfaces,  espeoiany 
on  metallic  objects  and  coaches,  carriages  and  woodwork  in  theatres,  concert-rooms, 
halls,  (ftc,  the  dry  surface  is  first  nibbed  over  with  soft  felt,  on  which  some  very  fine  pumice- 
powder  is  laid,  and  is  nozt  polished  with  very  soft  woollen  tissue  on  which  some  oil  and 
rotten-stone  is  placed,  the  oil  being  rubbed  off  with  starch-powder.  Instead  of  varnishes, 
solutions  of  collodion  (fulminating  cotton  in  alcohol  and  ether)  and  solutions  of  water- 
glass  are  sometimes  used;  while  Puscher  recommends  a  solution  of  shellac  in  ammonia, 
largely  used  by  hatters. 

Petunkofei'e  Pn>ceu  for      ^  Order  to  lemovc  the  cracks  often  observed  in  old  pictures,  Von 

BeetorinR  pictnreii.      Pottenkofer  hss  Suggested  exposure  to  the  vapour  of  alcohol  at  the 

ordinarv  temperature  of  the  air,  the  picture  being  placed  in  an  air-tight  box,  at  the  bottom 

•of  which  is  a  tray  containing  alcohoL    This  meUiod  has  been  tried,  but  not  only  has  it 
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failed  in  many  eases,  bnt  some  pictures  have  been  actually  spoiled.  Aooording  to 
Dr.  G.  J.  Mulder's  researches,  the  only  effective  preservative  of  pictures  is  complete 
exclusion  of  air.  He  suggests  that  pictures  should  be  well  varnished  on  the  painted  side 
as  well  as  on  the  back,  and  next  hermetically  covered  with  well-fitting  sheets  of  polished 
glass  on  the  front,  and  some  substance  on  the  back  impermeable  to  air.  The  real  cause 
of  the  ultimate  destruction  of  pictures  as  well  as  of  paint  is  the  gradual  but  continuous, 
yet  slow,  oxidation  of  the  linoxine,  resulting  in  the  crumbling  to  powder  of  the  pulverulent 
matters — pigments,  used  as  colours.  It  may  not  here  be  out  of  place  to  state  that  one  of 
the  best  solvents  of  linoxine  (dried  paint)  is  a  mixture  of  alcohol  and  chloroform,  whidi 
may  be  advantageously  used  to  remove  stains  of  paint,  and  also  of  waggon  and  carriage 
grease  from  silk  and  woollen  tissues. 

Cements,  Lutes,  and  Putty. 

oaiiMBta.  In  a  general  sense  we  understand  by  cement,  sabstances  or  mixtures 
which,  when  placed  in  a  pasty  state  between  the  surfaces  of  bodies  in  close  contact, 
cause  them  to  adhere  solidly  after  the  drying  or  solidification  of  the  pasty  material. 
According  to  this  definition,  glue  and  paste  are  cements,  but  solder  is  noi  As  a 
aniyersally  applicable  cement  cannot  be  met  with,  it  is  clear  that  as  regards  any 
specific  cement  it  should  completely  answer  the  purpose  for  which  it  is  employed. 
The  substances  used  for  cement  are  very  various,  and  are  of  course  adapted  to  the 
particular  objects  they  are  intended  to  unite.  There  are  numberless  receipts  for  the 
preparation  of  cements,  which  may  be  best  classified  by  stating  the  name  of  the  most 
essential  constituent  Thus  we  have: — i.  Lime  cements.  2.  Oil  cements.  3.  Besia 
and  sulphur  cement.  4.  Iron  cements.  5.  Starch,  or  paste.  6.  Cements  of  less 
consequence,  as,  for  instance,  water-glass  cement,  chloride  of  zinc  cement,  &c. 

ubm  OMMnu.  Slaked-lime  forms  with  casein,  white  of  eggs,  gum-arabic,  and  glue, 
mixtures  which  after  some  time  become  very  solid,  and  are  used  to  unite  wood, 
stone,  metal,  glass,  porcelain,  &c. 

Casein  cement  may  be  made  in  various  ways,  but  is  most  usually  prepared  by 
mixing  freshly-precipitated  casein,  obtained  by  acidifying  milk,  previously  freed  from 
whey  and  separately  reduced  to  powder,  with  freshly  slaked  lime.  As  this  mass 
hardens  very  rapidly,  it  should  be  used  immediately,  and  not  prepared  in  larger 
quantitiy  than  may  be  required.  Casein  dissolved  in  bicarbonate  of  potash  or  soda 
solution,  and  gently  evaporated  to  a  thick  consistency,  also  yields  a  good  cement 
A  solution  of  casein  in  a  concentrated  aqueous  solation  of  borax  made  with  cold 
water  yields  a  clear  thick  solution,  which,  as  regards  adhesive  property,  far  surpasses 
a  solution  of  gum-arabic.  A  solution  of  casein  in  silicate  of  soda  or  potash  is  aa 
excellent  cement  for  glass  and  porcelain.  When  stone,  metal,  wood,  &c.,  are  to  be 
united,  or  when  the  cement  is  to  be  used  for  filling  up  small  cavities,  there  is  usually 
added  to  the  mixture  of  casein  and  lime  a  powder  made  of  i  kilo,  of  fresh  casein, 
I  kilo,  of  quick-lime,  and  3  kilos,  of  hydraulic  mortar  or  lime.  According  to  Hannon 
partly  decayed  and  liquefied  gluten  yields  with  lime  a  cement  similar  to  thai 
obtained  from  casein. 

onoMBants.  The  main  and  essential  constituent  of  these  cements  is  a  drying  oil  in 
the  shape  of  an  oil  varnish  (boiled  linseed  oil).  Most  of  these  cements  resist  the 
action  of  water. 

Boiled  linseed  oil  and  fiat  copal  varnish  may  be  used  as  cements  to  unite  glass  and 
porcelain,  but  are  seldom  so  employed  on  account  of  requiring  some  weeks  to  become 
dry.  Mixed  with  white-lead,  litharge,  or  minium  (red  lead),  the  cement  dries  more 
quickly,  but  does  not  become  quite  hard  until  after  some  weeks.    "When  a  larger 
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quantity  of  this  cement,  or  rather  putty,  is  required,  it  is  frequently  made  of  boiled 
linseed  oil  with  a  mixture  of  lo  per  cent  of  litharge  and  90  per  cent  of  either  washed 
chalk  or  slaked  lime.  Zinc-white  is  sometimes  used  instead  of  litharge.  This  putty 
is  frequently  wanned  before  use  in  order  to  render  it  softer ;  it  is  used  for  uniting 
stone,  brick,  &c.  A  mixture  of  2  parts  of  litharge,  i  of  slaked  Kme,  and  i  of  dry  sand, 
made  into  a  uniform  paste  with  hot  and  boiled  linseed  oil,  has  been  used  by  Stephenson 
as  a  putty  to  be  placed  into  the  sockets  of  steam-pipes.  By  precipitating  a 
solution  of  soda-soap  with  alum  solution  an  alumina  soap  inscduble  in  water  is 
obtained,  wliich,  having  been  dissolved  in  warm  linseed  oil  varnish,  yields,  according 
to  V&rrentrap,  an  excellent  cement  for  uniting  stone.  Glaziers'  putty  is  a  mixture  ci 
chalk  and  boiled  linseed  oil,  well  beaten  up  together.  When  this  putty  is  made  with 
raw  linseed  oil  it  hardens  very  slowly ;  prepared  with  boiled  linseed  oil  it  may  be 
kept  soft  for  a  considerable  time  by  cither  being  placed  under  water,  or  kept  in 
bladders  like  lard,  or  tied  up  in  canvas  bags  previously  soaked  with  oil.  According 
to  Hirzel,  a  mixture  of  litharge  and  glyceriae  forms  an  excellent  cement  and  readily 
hardening  lute,  which,  according  to  Pollack,  may  even  be  used  to  unite  iron  and  iron, 
as  well  as  iron  and  stone. 
BMinCMMnu.  Cemcnts  made  with  resin  as  the  main  constituent  are  often  used, 
because,  on  becoming  cold,  they  harden  at  once  and  possess  the  property  of  being 
waterproof;  on  the  other  hand,  these  resin  cements  will  not  endure  a  high  tempera- 
ture without  becoming  soft,  and  by  exposure  to  air  and  sunlight  they  become  so 
brittle  as  to  be  easily  pulverised. 

As  a  cement  for  glass  and  porcelain,  sandarac  and  mastic  are  sometimes  used, 
because  tliese  resins  are  readily  fusible  and  are  colourless.  They  are  applied ^to  the 
surfaces  to  be  united  in  the  form  of  a  powder  put  on  with  a  small  hair-brush,  after 
which  the  object  is  heated  so  as  to  melt  the  resins,  the  pieces  to  be  joined  being 
pressed  together.  As  far  back  as  the  year  1828,  Lampadins  suggested  as  an  excel- 
lent cement  a  solution  of  i  part  of  amber  in  1*5  parts  of  sulphide  of  carbon. 
When  this  solution  is  painted  over  the  surfuces  to  be  united  and  immediately 
pressed  together,  the  joint  is  at  once  efifected  owing  to  the  rapid  evaporation  of  the 
sulphide  of  carbon.  A  solution  of  mastic  in  sulphide  of  carbon  may  be  similarly 
used.  Shellac  alone  does  not  form  a  good  cement,  being  too  brittle  when  cold,  and 
coutra(^ting  too  much  after  having  been  melted :  the  addition  of  some  Venice  tuipen- 
tine  and  earthy  powders  (see  Sealing-wax)  compensates  these  defects.  While  wood 
cannot  be  joined  together  with  shellac,  it  is  firmly  and  readily  glued  by  coating  the 
pieces  to  be  joined  with  thick  shellac-varnish,  and  tlien  placing  between  the  two 
pieces  a  slip  of  muslin.  Resins  are  frequently  used  for  lining  water-cisterns,  and  for 
rendering  terraces,  &c.,  waterproof.  Pitch,  colophoniimi,  asphalte,  mixed  with  lime* 
sulphur,  or  turpentine,  are  used  for  this  purpose,  the  object  of  tlie  various  additions 
being  to  obtain  a  greater  or  less  degree  of  hardness.  Jeffery's  marine  glue  is 
prepared  by  dissolving  caoutchouc  in  twelve  times  its  weight  of  coal-tar  naphtha  and 
adding  twice  the  weight  of  cither  asphalte  or  shellac.  The  mixture  is  gently  heated 
to  render  it  uniform.  There  is  a  solid  and  a  fluid  marine  glue  in  the  trade ;  the 
former  is  used  for  glueing  wood  and  for  caulking,  the  latter,  obtained  simply  by  the 
use  of  a  larger  quantity  of  solvent,  is  used  as  a  varnish ;  both  kinds  are  insoluble  in 
water,  are  not  acted,  upon  by  change  of  temperature,  and  do  not  become  brittle.  By 
the  name  of  zeiodelite  is  understood  a  mixture  consisting  of  19  parts  of  sulphur  and 
42  of  powdered  glass  or  earthenware;    this  mixture  having  been  heated  to  the 
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melting-point  of  sulphur,  maybe  used,  instead  of  hydraulic  cement,  for  uniting  stones 
and  bricks.  K.  Bottger  prepares  this  cement  by  mixing  with  molten  sulphur  an 
equal  weight  of  infusoria  earth  to  which  some  graphite  is  added.  Under  the  name 
of  diatite  Merrick  prepares  a  mixture  of  shellac  and  iinely  divided  silica. 

in»  Cement  Amoug  the  Ycry  many  recipes  given  for  the  preparation  of  this  cement, 
used  for  luting  the  sockets  and  spigots  or  flanges  of  cast-iron  pipes,  and  for  caulking 
the  seams  of  the  plates  of  steam-boilers,  we  quote  the  following  as  one  of  the  best: — 
A  mixture  of  2  parts  of  sal-ammoniac,  i  of  sulphur,  and  60  of  finely-pulverised  cast- 
iron  borings  or  filings.  When  required  for  use,  this  mixture  is  made  into  a  paste 
with  water,  to  which  some  vinegar  or  dilute  sulphuric  acid  is  added.  The  parts  to 
be  joined  by  this  cement  should  be  free  from  fat,  oil,  or  rust.  The  cement  is  forced 
in  with  the  cauUdng-chisel  and  soon  becomes  very  hard.  A  lute  for  small  leaks  in 
iron  and  fire-clay  gas-retorts  can  be  made  with  4  parts  of  iron-filings,  2  of  clay,  and 
I  of  pulverised  porcelain  saggers.  This  mixture  is  made  into  a  paste  with  a  solution 
of  common  salt. 

Psito.  The  material  used  by  bookbinders,  and,  in  fact,  wherever  paper  is  to  be 
glued  to  paper,  is  obtained  by  boiling  flour  with  water  or  by  treating  starch  with  hot 
water. 

Starch  paste  is  best  made  by  rubbing  the  dry  starch  up  with  cold  water,  so  as  to 
form  a  uniform  magma,  to  which,  while  being  constantly  stirred,  boiling  water  is 
▼«ry  rapidly  added ;  this  paste  should  not  be  boiled  if  required  for  cementing  paper 
together.  Rye-meal  boiled  with  water  yields  an  excellent  paste,  which  may  be 
improved  by  the  addition  of  some  glue  solution  and  preserved  by  alum.  Partly 
decayed  and  liquefied  gluten  forms  an  excellent  paste.  Starch-paste  to  which,  while 
hot,  half  its  weight  of  turpentine  is  added  is  greatly  improved  and  rendered  water- 
proof by  the  addition. 
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ANI^rAI,   Bl'BaTANCFS   ASD  IHBIR  ISDUKTBIAI.  APPLICATIOK. 


WOOLLKS   IsDL'STBT. 

(Mita  ind  PnpMW  iJ  WcxM  Wool  is  distu^iiished  from  hair  ohiefly  by  the  three  fol- 
lowing properties: — wool  is  finer;  is  not  Btrtught,  but  curled:  wjiile  it  genenUj- 
contains  lew  pigment,  an<l  hence  ia  white  in  colour.  ITie  quality  of  wool  ii 
irith  the  increase  of  these  tliree  characterialicH.  Wool,  like  hair,  exhibits  w 
strueture,  consiating  histologically  of  an  epithelium,  of  arindand  of  apithormarrow. 
The  epithelium  of  wool  consists  of  small  thin  plates  which  overlap  each  other  like 
Fio.  J51.  Fio.  ii32. 


the  tiles  on  a  roof ;  in  tliis  numncr  tho  coticnlar  plates  give  to  the  BV&ce  ft  Bqaamoso 
appearance,  which  may  be  coarsely  rtprest'itteil  as  tlie  Hppfanuice  exhibited  by 
a  fir-cone.  Fig.  251  exhibits  a  piece  of  ivoul  gt  an  ordinary  sheep;  while  Fig.  252, 
magnified  to  the  same  niunber  of  diameters,  exhibits  a  piece  of  the  tstj  fineat 
Saxony  wool,   thus  showing  the  great  difference  of  fineness  of  these  two  sorts 
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of  wool.  The  grooves  on  the  snrfiEkce  of  the  wool  are  the  cause  of  its  rawness  to  the 
touch,  and  from  the  existence  of  these  grooves  wool  admits  of  being  felted.  When 
the  fibre  which  exliibits  this  texture  is  pressed  together  with  a  kind  of  kneading 
motion,  while  the  fibre  is  at  the  same  time  softened  by  the  action  of  steam,  the  result 
is  that  the  fibres  are  joined  to  each  other  in  the  direction  of  the  scales  on  their 
surface  and,  becoming  entangled,  form  a  firm,  dense  texture,  which  is  termed  felt. 

We  obtain  wool  chiefly  from  sheep ;  the  quality  of  the  wool  very  much  depends 
upon  the  peculiar  breed,  the  climate,  fodder,  and  care  taken  of  the  animals.  We 
distinguish  ti^'o  chief  breeds  of  sheep — viz. : — i.  The  mountain  sheep,  having  short, 
fine,  and  more  or  less  curly  wool.  2.  The  sheep  of  the  lowlands,  having  coarse, 
sleek,  long,  hair-like  wool.  To  the  first  breed  of  sheep  belongs  the  sheep  met  with  in 
the  interior  and  more  elevated  parts  of  Germany,  also  the  Spanish  merino  sheep,  of 
which  there  are  several  varieties,  the  most  remarkable  being  the  infantado  and 
electoral  races.  By  the  latter  is  understood  tlie  variety  which  in  1765  was  imported 
into  Saxony,  being  made  a  present  to  the  Elector,  and  was  the  cause  of  the  exist- 
ence in  that  country  of  a  breed  of  sheep  yielding  excellent  wool.  Till  comparativdy 
recently  the  exportation  of  the  living  merino  sheep  from  Spain  was  proliibited  under 
pain  of  capital  punishment.  The  variety  of  slieep  designated  Escurial  is  not 
a  peculiar  race  or  breed,  but  an  electoral  sheep  with  fijier  and  fuller  fleece.  Sheep, 
like  goats,  are  undoubtedly  animals  preferring  a  mountain  plateau,  and  are  very  sen- 
sitive to  a  damp  or  moist  soiL  There  are  many  varieties  of  the  lowland  sheep, 
among  tliem  the  heath  sheep  (lowlands  of  Germany) ;  the  so-called  Cretan  goat 
{OvUaries  strepticeros)  of  Southern  Europe  and  Western  Asia ;  the  various  breeds  of 
English  sheep,  Southdown,  Leicester,  Cotswold,  Lincoln,  &c.,  and  the  Scottish 
varieties,  Shetland  and  Hebrides. 

The  varieties  of  wool  obtained  from  other  animals  than  sheep  are : — 
a.  Cashmere  wool ;  the  fine  downy  hair  of  the  Cashmere  goats  inhabiting  the  eastern 
slopes  of  the  Himalaya,  14,000  to  18,000  feet  above  sea  level.  The  colour  is  white-grey 
or  brown.  In  the  state  in  which  it  is  sent  to  Europe  it  is  largely  mixed  with  coarse  hair, 
so  that  100  kilos,  of  the  raw  material  yield  after  sorting  and  cleansiug  only  20  kilos,  of 
fine  hair. 

6.  The  "N^cuna  wool ;  the  very  slightly  curly  hair  of  the  Llama  or  Yiouna  goat 
{Auehenia  Vicuna),  a  native  of  the  high  mountains  of  Peru,  Chili,  and  Mexico.  This  kind 
of  wool,  or  rather  wooUy  hair,  was  formerly  more  so  than  now  employed  for  weaving  fine 
tissues.  Sometimes  there  is  substituted  for  this  wool  a  mixture  of  ordinary  wool  and  the 
finest*  hair  of  hares  and  rabbits.  What  is  now  termed  Yiguna  or  Vicuna  wool  in 
the  trade  is  a  tissue  made  of  a  mixture  of  wool  and  cotton. 

c.  Alpaca  wool,  or  pacos  hair;  the  long,  sleek,  white,  black,  or  brown  hair  of  the 
Alpagua  or  Alpaoo  (Pako),  a  kind  of  goat  which  dw^s  in  Peru.  This  kind  of  woolly  hair 
has  great  similarity  with  the  Vicuna  wool,  but  is  not  quite  so  fine.* 

d.  Mohair,  or  so-called  eamePs  wool ;  the  long,  slightly  curly,  silky  hair  of  J  the  Angora 
goat  {Capra  angorerms),  a  native  of  Asia  Minor.  This  substance  is  spun  and  woven  into 
non-fulled  tissues  (camlet  or  plush),  and  is  also  mixed  up  with  the  half -silk  tissuei 
ot  which  it  forms  the  woof  or  weft. 

chsmiMi  CMDpoaittoB  of  wooL  Purified  and  cleansed  wool  consists  chiefly  of  an  albumi- 
noid sulphur-containing  substance  termed  keratin  (homy  matter), but,  as  met  with  on 
the  animals,  wool  contains  much  dirt,  dust,  and  suint.  The  labours  of  Faist,  Reich, 
Ulbricht,  Hartmann,  Marcher,  and  E.  Schulze  liave  greatly  increased  our  know- 
ledge of  this  substance. 

*  The  microscopical  texture  and  properties  of  this  kind  of  hair  have  been  investigated 
and  are  described  in  Wiesner's  work,  *'£inleituug  in  die  Technische  Mikroskopia.*' 
Vienna,  1867,  p.  172  et  teq. 
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The  foIlowiDg  results  are  those  obtained  by  Faist  when  analysing  Tariovis  kinds  of 
merino  wool : — 


I. 

• 

2. 

Mineral  matter 

Suint  and  fatty  matter 

Pure  wool 

Moisture    ••• 

a. 

6-3 

44*3 
380 

11-4 
1000 

49'4 

h. 
168 

447 
285 

70 
1000 

35*5 

r 

C. 

094 
2100 
72*00 

606 

d. 

1*3 
40*0 

560 
27 

1000 
587 

e. 

I'D 
27*0 
648 

72 

loo'e 
72*0 

/. 

I'2 
166 

777 
3*5 

Percentage  of  pure  air- 
diy  wool 

lOO'OO 

7806 

1000 
822 

z.  Baw  wool,  air-dried. — a,  Hohenheim  wool,  with  a  small  quantity  of  readily  soluble 
suint.  6.  Hohenheim  wool  (the  name  of  a  largo  agricultural  establishment  and  agrono- 
mioflJ  school  near  Stuttgardt,  Wnrtemburg),  containing  a  large  quantity  of  glutinous  suint 
2.  Washed  wool,  air-dry.* — c.  Hohenheim  wool.  d.  Same  variety,  with dildoultly  soluble 
Buint.    «.  Hungarian  wool,  very  soft.    /.  Wurtemburg  wool,  less  soft. 

While  making  researches  on  wool,  Eisner  of  Gronow  estimated  the  loss  which 
wool  experiences  when  treated  with  sulphide  of  carbon  for  the  elimination  of 
the  suint.    The  results  were : — 

Washed  merino  wool     15  to  70  per  cent. 

Unwashed  wool  {laine  en  suint,  tq,w  wool)  ...     50  to  80 
Long  carded  wool 18 

Suint  is  a  mixture  of  secreted  and  accidental  substances,  dust,  &c.  When  raw 
wool  is  macerated  for  some  time  in  warm  water,  there  results  a  turbid  liquid  which 
contains  suspended  as  well  as  dissolved  matters.  The  dry  substance  of  Uie  aqueous 
extract  of  suint  consists,  according  to  Marcker  and  Schulze  (1869),  of: — 


tf 


If 


Organic  matter  ... 
Mineral  matter  ... 


I.  2.  3.  4. 

58*92  61 '86  5912  6o*47 

4108  3814  40-88  39*53 

I  and  2  relates  to  wool  of  mountain  sheep.    3  and  4  to  full-bred  Rambouillet  sheep. 

The  soluble  portion  contains  the  potash  salt  of  a  fatty  acid  (suintate  de  potaue). 
The  fatty  acids  contained  in  suint  are,  according  to  Reich  and  Ulbricht,  mixtures  of 
oleic  and  stearic  acids,  probably  also  palmitinic  acid  and  a  small  quantity  of 
valerianic  acid,  with  potash  in  such  quantity,  that  more  recently  this  material  has 
been  employed  to  obtain  therefrom  carbonate  of  potash  and  cldoride  of  potassium. 
100  kilos,  of  raw  wool  may  yield  from  7  to  9  kilos,  of  potash  (See  p.  132). 
Potash  from  suint  consists,  according  to  Marcker  and  Schulze,  of: — 

Carbonate  of  potash    

Cldoride  of  potassium 

Sulphate  of  potash 

Silica,  alumina,  lime,  magnesia,  oxide  of  iron, 
phosphoric  acid,  &c.    .., 


.*•     .*• 


...     ... 


...     ... 


86*78 
6-18 
283 


...     ... 


4*21 
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*  Washed  on  the  sheep  while  alive,  an  operation  performed  by  the  fanners,  and  to  be 
distinguished  from  the  washing  wool  undergoes  during  manufacture. 
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P.  Havrez  (1870)  states  tiiat  it  is  more  advantageous  to  extract  chloride  of  potas- 
sium and  prepare  ferrocyanide  of  potassium  from  suint  than  to  employ  it  in 
preparing  carbonate  of  potash.  Saint  is  a  valuable  material  in  gas  manufeu^ture 
and  the  potash  salts  may  sifterwards  be  extracted  from  the  coke. 

proputiM  of  Wool  The  valuc  and  applicability  of  wool  for  the  purposes  of  being  spun 
and  woven  depend  upon  a  number  of  properties,  of  which  the  following  are  the  most 
important. 

Colour  and  oioM.  Wool  is  generally  white,  but  that  of  some  of  the  common  kinds 
of  sheep  and  also  of  the  alpaca  and  mohair  are  either  brown,  grey,  or  black; 
The  gloss  of  some  varieties  of  wool  is  a  highly  prized  property.  The  gloss  is  not 
exactly  related  to  the  fineness  of  the  wool,  but  more  to  the  softness  and  suppleness  of 
the  fibre,  which  on  being  touched  by  the  hand  imparts  a  feeling  similar  to  that 
of  cotton-wool  or  silk.  The  curl  or  waviness  of  tlie  wool  is  due  to  the  fact  that  the 
hair  or  fibre  is  bent  and  more  or  less  curved.  Wlien  there  are  many  and  small 
curves  the  wool  is  termed  small  curled,  while  if  the  curves  are  large  it  is  termed 
coarsely  curled.  There  is  also  a  difference  between  wool  which  exhibits  high 
curves  (strongly  waved  and  curled)  and  wool  exhibiting  low  curves  (weakly  waved 
and  curled).  The  fineness  of  wool  depends  upon  the  smallness  of  diameter  of  the 
fibre;  generally  the  finer  the  fibre  the  better  the  wool  is  suited  for  the  uses 
conmionly  made  of  it.  There  are,  however,  some  varieties  of  wool  met  with  which, 
though  very  fine,  are  rather  tough  and  straight,  and  therefore  less  suited  for  manu- 
facturing purposes.  It  should  be  observed  that  the  diameter  of  the  woollen 
fibre  does  not  constantly  vaiy  with  the  fineness;  while  neither  the  wool-meter 
(eriometer)  nor  the  micrometer  can  sufficiently  determine  the  fineness  of  the  wool  for 
technical  purposes,  that  property  being  best  estimated  by  practical  experience  by  the 
sense  of  touch.  What  is  termed  quality  or  uniformity  in  wool  is  that  the  fibre  has 
through  its  entire  length  the  same  diameter.  By  softness,  suppleness  of  the  wool* 
it  is  understood  that  the  fibre  readily  admits  of  being  bent  in  all  directions ;  this 
property  is  usually  accompanied  by  extensibility  and  elasticity.  A  fibre  of  wool  may 
therefore  be  somewhat  more  strongly  stretched  before  breaking,  after  it  has  been  first 
straightened  so  as  to  remove  the  curls.  The  elasticity  of  the  fibre  is  shown,  when  a 
hair  is  broken,  by  the  two  ends  becoming  more  or  less  rapidly  contracted  and  curled 
up.  By  strength  we  mean  that  property  of  wool  whereby  it  bears  without  breaking 
a  certain  weight,  which,  according  to  the  quality  and  fineness  of  the  fibre,  varies  from 
2*6  to  44  grms.  By  height  is  understood  the  length  of  the  curled  hair  in  its 
natural  position ;  while  by  length  we  designate  the  measure  (in  centimetres)  of 
a  single  fibre  when  so  stretched  that  its  curls  are  no  longer  perceptible.  The  length 
of  the  fibre  is  of  great  importance  in  the  selection  of  wool,  and  constitutes  one  of  the 
main  distinctions  between  carded  wool  and  short  wool.  The  teasled  wool  is 
used  more  especially  for  the  weaving  of  cloth — milled  or  fulled  doth.  Generally 
this  kind  of  wool  is  strongly  curled,  and  the  length  of  the  stretched  hair  is  less  than 
15  centims.  The  combed  wool  (long  wool)  is  used  for  smooth  woollen  tissues  which 
require  a  middling  length,  9  to  12  centime.,  some  strength,  and  not  too  much  curL 

Pnpftmtion  of  wooL  Before  wool  is  a  marketable  article  it  has  to  be  washed,  shaved 
or  sheared  off,  and  sorted. 

I.  Just  before  shearing  the  wool  is  washed— or  as  the  term  more  usually  runs,  the 
sheep  are  washed — for  the  purpose  of  cleansing  the  fleece  and  of  eliminating  a  por- 
tion of  the  suint.    By  this  washing  wool  loses  from  20  to  70  per  cent  in  weight 

2K 


498  CHEMICAL  TECHNOLOGY. 

II.  The  Shearing  of  the  Sheep, — Usoally  in  our  climate  sheep  are  shorn  only  otaee 
a-year,  about  the  middle  of  May  or  begimiing  of  June,  but  with  long-woolled  sheef 
this  operation  is  performed  in  September  (summer  wool),  and  about  the  end  of  Iftaroh 
(winter  wool).  Lamb's  wool  is  distinguished  by  its  great  fineness.  Besidee  the 
wool  shorn  from  the  live  sheep  we  distinguish  skinner*s  wool,  from  the  skins  of  sheep 
slaughtered  for  food,  and  pelt  wool  from  sheep  which  have  died  from  disease ;  while 
the  former  kind  is  sliorter  than  ordinary  wool,  the  latter  is  deficient  in  strength  and 
elasticity,  and  is  therefore  of  less  value. 

m.  Sorting  the  Wool. — The  difierent  parts  of  the  skin  of  the  sheep  yield  wool  of 
difierent  quality ;  among  the  parts  wliich  yield  better  kinds  of  wool  are  the  shonldezs, 
the  flanks,  and  tlie  thighs.  The  wool  of  the  following  parts  is  of  inferior  quality, 
viz.,  neck,  withers,  back,  throat,  breast,  feet.  The  peculiar  mode  of  sorting  wool 
and  the  denominations  given  to  the  several  varieties  difier  in  difierent  ooontries; 
generally  the  terms  firsts^  seconds^  thirds,  &c.,  are  employed.  While  the  fineness  of 
the  wool  is  the  main  character  which  distinguishes  the  various  kinds,  the  sorter  also 
looks  to  the  length,  curl,  strength,  &c.  As  met  with  in  commerce,  wool  contains  a 
larger  or  smaller  quantity  of  hygroscopic  water,  varying  from  14  to  16  per  cent;  and 
even  when  wool  is  exposed  to  dry  air  for  a  long  time,  the  water  amounts  to  7  or  10 
per  cent. 

.  Wool  spinninc.  The  Operations  of  spinning  do  not  in  strictness  pertain  to  ofaemiesl 
technology,  because  the  material  operated  upon  is  not  chemically  treated,  and  only 
mechanicaUy  undergoes  a  change  of  form.  The  machinery  employed  is  very  oompliealed, 
but  has  been  brought  to  great  perfection. 

Before  being  made  into  cloth,  the  wool,  as  is  the  case  with  cotton,  silk,  flax,  and  hsmp, 
has  to  be  made  into  yam.  Before  this  operation  can  be  proceeded  with,  the  sorted  wool 
is : — I.  Carded  for  the  purpose  of  weaving.  2.  Or  the  wool  is  combed  for  the  making  of 
smooth  woollen  goods.  Carded  wool  is  ultimately  made  up  into  cloth,  while  combed  wool 
is  made  up  into  such  materials  as  thibet,  mousseUne  de  lame,  merino,  Ac.  The  following 
eight  operations  are  those  to  which  carded  wool  is  submitted : — 

I.  Washing. — The  aim  of  this  operation  is  to  eliminate  the  suint  from  the  wool,  end  lor 
this  purpose  the  fibre  is  submitted  to  the  action  of  very  weakly  alkaline  liquids.  These 
even  in  the  carbonated  state  should  be  weak,  because,  when  concentrated,  the  wool 
either  is  dissolved  or  its  strength  and  elasticity  impaired.  The  alkaline  Uquids  chiofly 
used  for  this  purpose  are  lant  (stale  urine)  mixed  with  water,  tepid  soap-suds,  or  a  veiy 
weak  solution  of  soda.  The  washed  wool  is  rinsed  in  plenty  of  cold  water,  wrung  out,  mm 
then  dried  in  the  shade.  By  exposure  to  direct  sunlight  wool  becomes  ydlow.  xoo  psrts 
of  fleece  lose  by  washing  from  17  to  40  parts,  leaving  60  to  83  parts  of  pure  wooL 

a.  Dyeing, — When  this  operation  takes  place  immediately  after  washing,  it  is  only  to 
impart  to  it  very  fixed  dyes,  such  as  indigo,  or  madder ;  because,  as  regards  most  other 
dyes,  they  would  be  injured  by  the  operation  of  nulling,  in  which  soap,  lant,  and  other 
materials  are  employed.  Wool  by  hcing  dyed  often  increases  considerably  in  weight, 
sometimes  as  much  as  12  per  cent. 

3.  Willowing^  or  Devilling.—  This  operation  aims  at  the  obtaining  of  the  flocks  of  wool  xn 
a  more  uniform  mass,  while  at  the  same  time  mechanical  impurities,  straw,  Ae.,  are 
removed.  The  machinery  by  which  this  is  effected  is  similar  to  that  used  for  the  same 
purpose  for  cotton. 

4.  Oiling  or  Greasing. — As  wool  has  a  great  tendency  to  become  felted,  and  has  to  be 
submitted  to  the  operation  of  carding,  it  might  in  this  process  become  broken ;  and  in 
order  to  prevent  this  and  give  the  fibre,  which  has  become  harsh,  suppleness,  it  is  greased 
or  mixed  with  oil.  For  the  finer  kinds  of  wool,  olive  oil  or  araohis  oil  is  used,  while  f6r 
coarser  kinds  rape-seed  and  fish  oil  are  employed.  Olein,  as  it  is  termed,  reaUy  oleio  aeid, 
a  by-product  of  the  manufactare  of  stearine  candles,  is  often  used  for  this  purpose,  pro- 
vided it  be  not  contaminated  with  either  sulphuric  or  stearic  acids.  100  kilos,  of  woof  lor 
warp  require  10  to  12  kilos,  of  oil,  while  100  kilos,  of  wool  for  woof  require  12  to  15  kilos, 
of  oil. 

5.  The  carding  of  wool  aims  at  the  same  result  as  the  carding  of  cotton.  The 
machinery  employed  is  in  each  instanee  similar  in  construction.  Wool  is  carded  at  least 
twice,    llie  first  carding  is  termed  fleece-carding,  the  result  being  that  the  wool  is  temed 
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into  a  loose  fleece,  which  is  rolled  up  on  a  cylinder ;  the  second  carding  converts  the  fleece 
into  loose  curls  about  i  metre  or  a  yard  in  length,  which  are  turned  over  on  to  the  roving 
machine.  Recently  the  carding-null  has  been  so  constructed  that  it  also  performs  the 
operation  known  as  roving. 

6.  Roving, — ^By  means  of  machinery  the  wool  is  converted  into  what  is  technically 
termed  thih  or  half-yamy  which  by  the  following  operation,  viz., 

^.  By  spinning  is  made  into  yam.  The  machmery,  while  working  at  a  high  speed, 
twists  the  fibres  into  a  continuous  thread  or  yam. 

8.  The  finished  yam  is  wound  on  reels,  the  length  of  the  skeins  or  hanks  and  the 
number  of  skeins  to  a  bunch  varying  in  different  localities.  The  fineness  of  the  yam  is 
abroad  designated  by  the  number  of  hanks  which  go  to  the  half  kilo. ;  but  in  Belgium  and 
France  the  number  of  metres  of  yam  length  which  go  to  the  kilo,  expresses  the  fineness. 

AtUAdAi  Wool  Woollcn  rags  are  carefully  sorted,  and  by  means  of  machinery  converted 
into  what  is  termed  mungo  and  shoddy ;  the  former  is  a  short-haired  wool  obtained  from 
milled  goods ;  the  latter  (a  longer  hair)  is  prepared  from  woollen  hosiery.  The  rags  haying 
been  well  sorted,  and  all  seams,  buttons,  and  ornaments  cut  off,  silk  and  other  linings 
separated,  are  cleansed,  again  sorted,  and  then  oiled.  The  rags  yield  on  an  average 
30  per  cent  of  the  weight  of  buttons,  linings,  <fec.,  and  the  70  per  cent  remaining  yields 
some  five-sevenths  of  mungo,  prepared  by  means  of  a  mill.  Mungo  is  not  carded ;  but 
shoddy,  made  by  a  sindlar  process,  is  carded  after  having  been  again  oiled.  ^ 

wcftTiaK  ttM  cootb.  Cloth  is  a  smooth  woollen  fabric,  the  woof -yarn  passing  alternately 
over  and  under  chain-yams.  The  peculiar  felty  appearance  is  given  to  cloth  by  the 
operation  of  milling  or  fuUing.  The  operation  of  weaving  cloth  does  not  differ  in  any  way 
from  the  weaving  of  linen  or  cotton  fabrics ;  usually  the  chain  and  weft  yarn  are  equally  fine. 

wuhinir  and  Miiung  The  cloth  as  it  leaves  the  weaver^s  hands  is  not  in  the  least  similar  to 
Dm  Bough  aoih.  th©  finished  fabric,  but  is  very  like  a  coarsely  woven  towel,  the  ohaiu 
and  weft  being  quite  loose  and  every  thread  distinctly  visible  ;  while  the  felty  appearance  of 
^e  cloth  is  entirely  absent,  this  being  obtained  by  the  operation  of  milling,  which  is  preceded 
by  the  burling  process,  whereby  knots,  pieces  of  straw,  and  other  similar  impurities  are 
removed  by  the  aid  of  small  steel  forceps.  The  rough  cloth  is  next  washed  for  the 
purpose  of  removing  oil,  dirt,  and  weavers'  glue ;  this  washing  is  assisted  by  soft  soap, 
potash  or  soda  ley,  and  is  performed  by  a  washing  machine.  The  operation  of  fulling  or 
milling  aims  not  only  at  a  cleansing  of  the  rough  cloth  (it  is  not  always  washed  previously 
to  being  milled),  but  more  particularly  at  the  felting  together  of  the  fabric,  so  that  the 
ohaiu  and  weft  can  hardly  be  distinguished.  It  is  performed  by  the  joint  action  of 
moisture,  high  temperature,  and  a  peculiar  mechanical  treatment,  by  which  the  threads 
are  kneaded  into  each  other.  As  the  milling  also  aims  at  the  complete  removal  of  grease 
the  water  into  which  the  fabric  is  steeped  is  rendered  alkaline  by  means  of  lant,  while 
soft-soap  and  fuller's  earth  (see  p.  295)  are  used  to  assist  the  action.  Soft  soap  is  only 
Qsed  for  common  cloth,  while  for  the  finer  kinds  palm  oil  and  olive  oil  soaps  areemploved. 
The  milling  or  fulling  consists  in  beating  the  rough  cloth  with  wooden  znallets  moved  by 
machinery  ;  recently  the  use  of  cylinders  is  very  general  for  this  purpose. 

T«M]in|  and  shMring      ^  ordcr  to  give  to  the  milled  cloth  a  more  pleasing  appearance,  it  ia 
tb*  aoth.  fijgt  teasled  and  next  shorn,     i.  The  operation  of  teasling  aims  at  the 

loosening  of  the  surface  hairs  of  the  felted  cloth,  and  at  brushing  these  in  one  direction ; 
the  operation  is  performed  by  the  use  of  teasles  or  weaver's  thistle  (Dipsaciu  fuUonwn) 
which  acts  by  the  thorns  on  the  seed  capsules.  2.  The  shearing  of  the  cloth  is  an 
operation  by  which  the  surface  hair  is  cut  off  to  a  uniform  length.  The  shearing  is  either 
performed  by  hand — a  very  tedious  operation,  the  cloth  being  stretched  uniformly  on  a 
cushioned  table,  the  operator  using  peculiarly  made  shears — or  by  cylinders,  somewhat 
similar  to  lawn  grass-cutters  in  principle  of  working.  There  is  a  distinction  between 
transversal,  longitudinal,  and  diagonal  cylinders,  a.  The  transversal  cylinder  is  placed 
lengthwise  to  the  cloth,  the  cylinder  moving  from  one  edge  of  the  cloth  to  the  other. 
/3.  In  the  longitudinal  machine  the  moving  cylinder  is  placed  across  the  width  of  the 
doth,  which  is  moved  under  the  shearing-knives,  y.  In  the  diagonal  machine  several 
cutting  cylinders  are  placed  diagonally  above  the  cloth.  The  wool  shorn  off  is  used  in 
upholstering,  and  very  largely  for  the  purpose  of  giving  a  velvety  appearance  to  some 
kinds  of  paper-hangings. 

Drcadaf  the  ciotb.  Before  the  cloth  is  ready  for  sale,  it  has  to  be  submitted  to  the  three 
following  operations :— Lustring,  brushing,  and  pressing. 

X.  The  lustring  is  now  performed  by  stretching  the  cloth  very  tightly  on  a  copper 
cylinder,  the  surface  of  which  is  perforated  with  a  number  of  small  holes.  The^  cylinder 
is  placed  in  a  steam  chest,  and  steam  having  been  turned  on,  the  cloth  obtains  a 
permanent  gloss  and  is  prevented  from  becoming  rough  on  being  worn.  2.  The  brushing 
of  the  cloth  takes  place  before  and  i^Eter  the  shearing,  and  is  effected  by  machinezy,  the 
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bniihes  being  fixed  to  cjlinden,  and  the  oloth  mored  oyer  and  under  tham,  wUle  at  lilt 
same  time  either  a  jet  of  water  or  Bometime8  steam  is  made  to  pUnr  on  tha  elotlu 
3.  Finally,  the  oloth  is  pressed,  having  been  first  folded  ;  between  each  fold  ia  jplaowi  o& 
the  right  side  of  the  oloth  a  pieoe  of  glazed  millboard  and  a  pieoe  of  ooaraer  miuboafd  00 
the  wrong  side ;  a  plank  is  put  between  the  pieoes  of  doths,  some  aix  to  twelT*  of  whieh 
are  placed  in  the  press  at  a  time. 

othw  cioiii  Fabrics.  lu  addition  to  milled  cloth  Beveral  other  kinds  of  woollen  goods 
are  manufactured,  which  are  cloth-like  in  some  particular.  Of  these  the  following 
are  tlie  chief: — Flannel,  citlier  smooth  or  twilled,  only  slightly  milled,  once  teasled 
on  tlie  right  side,  and  either  not  shorn  at  all  or  only  once ;  the  chain  often  oonsistsof 
carded  wool,  but  is  sometimes  cotton  or  silk  ;  the  woof  is  carded  yam.  Swan-akin 
is  fine  twilled  flannel.  Caslimere  is  finely  twilled  cloth  only  once  teasled,  but  shorn  as 
often  as  cloth.  The  hair  is  short  and  covers  tlie  textile  yarn  slightly,  to  thai  the 
twill  is  distinctly  seen.    Cashmere  is  often  made  with  a  cotton  chain. 

Frieze  is  coarser,  stouter,  and  longer-haired  than  cloth,  is  strongly  Allied,  but  leas 
teasled  and  also  less  shorn.  After  having  been  shorn,  frieze  is  simply  dressed  by 
being  brushed  and  hot-pressed ;  it  is  then  brushed  over  witli  a  solution  of  tragacanth 
in  water,  next  calendered,  and  lastly  slightly  oiled  nidth  olive  oil  and  again  pressed. 
A  non-twilled  and  finer  kind  of  frieze  is  known  as  **  ladies'  mantle  frieze ;"  while  a 
heavier  and  short  shorn  frieze  is  called  castories.  Kalmuk  and  tliick  fiieze  (Irish 
frieze)  consists  of  a  heavier  yam  and  is  more  strongly  milled.  Buckskin  is  a 
twilled  non-teasled  trouser  material,  the  right  side  of  which  is  shorn  and  quite 
smooth.  Kersey  is  a  coarse  kind  of  undressed  (neither  teasled  nor  shorn)  woollen 
fabric  used  for  making  cloaks  and  overcoats  for  military  men,  sailors,  railway 
ofiicials,  &c.  The  coarser  kinds  of  railway  rugs  and  horse-cloths  are  of  a  similar 
material.  Paper-makers'  felt  is  a  coarse,  twilled,  loosely  woven,  lightly  nulled 
material,  neither  teasled  nor  shorn,  used  for  the  purpose  of  being  placed  between  the 
wet  sheets  of  paper.  Felted  cloth,  a  fabric  first  made  some  twenty  years  ago  witliout 
spinning  and  weaving  at  all,  has  not  been  found  suitable,  and  is  Uierefore  now  hardly 
ever  seen.  Wool  intended  for  felting  purposes  is  first  cleansed,  freed  from  suint, 
next  carded  and  converted  into  a  uniformly  thick  layer  similar  to  cotton-wool,  and  is 
then  felted. 

wonud  Wool  It  has  been  already  stated  that  long  haired  or  combed  wool  is  the 
material  used  for  the  purpose  of  preparing  worsted-yam — a  smooth  thread,  the 
longitudinal  fibres  of  wliich  arc  placed  parallel  to  each  other — this  yam  serving  the 
purpose  of  weaving  such  fabrics  as  tliibet,  merino,  Orleans,  &c.  There  is  a  distinc- 
tion between  genuine  combed  wool  or  worsted,  and  half-worsted  or  sayette-yam, 
which  is  the  link,  as  it  were,  between  combed  and  carded  wool,  and  is  used  for  the 
purposes  of  knitting  stockings,  in  carpet-making,  Berlin-wool  work,  &o.  Although 
half- worsted  is  always  spun  from  long- haired  wool,  the  fibre  is  not  in  this  instance 
combed,  but  carded  by  a  peculiarly  constructed  mill.  Combed  yam  or  worsted 
consists  either  entirely  of  wool,  or  is  a  thread  of  wool  mixed  with  mohair  and 
alpaca,  or  of  wool  and  cotton,  or  of  wool  and  silk,  such  yams  being  termed  fancy 
yams. 

The  manufacture  of  smooth  woollen  fabrics  is,  as  far  as  weaving  and  the  mechanical 
operations  are  concerned,  similar  to  tlie  weaving  and  mode  of  mannfitcturing  other 
textile  fabrics.  Some  of  the  smooth-surfaced  woollen  fabrics  are  finished  when 
woven ;  others  require  a  dressing  which  depends  upon  the  taste  of  the  consumers 
and  upon  the  peculiar  requirements  of  the  trade.     The  following  enumeration 
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of  the  smooth-snrfaced  woollen  fabrics,  of  which  there  is  an  almost  endless  variety, 
may  give  some  idea  of  the  various  kinds  of  goods  belonging  to  this  category. 

A.  Smooth  Fabrics, — Barracan  used  to  be  formerly  woven  from  oamers  hair,  but  is  now 
woven  from  oombed  wool;  it  is  termed  moir^d  when  it  is  watered.  Orleans  consists  of  a 
twisted  cotton  thread  chain  and  a  single  woollen  weft ;  the  fabric  having  been  woven  is 
singed,  washed,  dried,  shorn,  and  hot-pressed.  Camlet  also  was  formerly  made  from 
camePs  hair,  and  consists  oi  combed  woollen  chain  and  weft.  Dress  crape  is  a  fabric 
made  of  a  strongly  twisted  worsted  yarn-chain  and  more  loosely  woven  weft ;  when  the 
cloth  is  woven  it  is  dyed  black  or  grey,  next  wound  round  a  cylinder,  and  boiled  in  water 
in  order  to  shrink  it.  Boltiug  cloth  is  made  of  a  strongly  twisted  yam,  and  employed  for 
the  purpose  of  making  flour-sieves.  Mousseline  de  laine,  chaly,  is  a  woollen  muslin  with 
silk  chain,  and  this  class  includes  a  host  of  fabrics  generally  known  as  Bradford  fabrics  as 
well  as  mixed  materials,  alpaca,  mohair,  silk  mohair,  &c. 

B.  Twilled  Qooda. — Merinos  with  three-  or  four-threaded  twill  and  two  **  right "  sides 
are,  after  weaving,  singed,  hot-pressed,  and  dressed  or  glazed.  When  unglazed  it  is  called 
thibet.  Serges  are  twilled  fabrics  with  three,  four,  or  five  strands.  So-called  Atlas 
fabrics  are  kalmang  and  lasting,  the  latter  employed  for  ladies'  shoes,  gentlemen's  cravats, 
furniture,  and  upholstery  work.  The  fabric  from  which  the  press-bags  of  the  oil-mills 
are  made  is  also  a  twilled  woollen  material  woven  from  very  strong  and  tough  wool. 

C.  Variegated  or  Patterned  Fabrics^  such  as  are  used  for  trousers,  and  also  woollen 
damask.  Shawls  belong  to  this  class;  in  some  of  these  the  whole  fabric  is  woollen 
(Cashmere  shawls) ;  in  others  a  silk  or  cotton  thread  is  mixed.  The  plaids  and  tartans 
are  especially  British  fabrics. 

D.  Velvets, — Woollen  velvet,  woollen  plush,  and  velpel,  are  merely  distinguished  from 
each  other  by  the  length  of  the  hair,  which  is  greater  in  plush  than  in  velvet,  and  greatest 
in  velveteen.  Woollen  velvets  are  employed  in  various  ways  ;  for  instance,  in  covering 
chairs,  sofas,  for  curtains,  <&c.  These  materials  are  more  or  less  loosely  woven,  and  are 
variously  shorn  and  dressed,  being  known  in  the  trade  by  such  appellations  as  astraoan, 
beaver,  eastorin,  Utrecht  velvet,  dto. 


Silk. 

sok.  Silk  is  at  once  distingnislied  from  cotton,  flax,  hemp,  and  wool  by  being 
naturally  produced  as  a  veiy  long  and  continuous  tliread,  whereby  the  operation  of 
spinning  is  dispensed  with ;  but  in  its  stead  the  operation  known  as  silk-tlirowing  is 
required,  by  which  several  of  the  natural  fibres  of  the  silk  are  twisted  into  one  in 
order  to  obtain  a  stouter  yam. 

Silk  is  the  produce  of  the  silkworm  iBomhyx  fitori),  an  insect  which  undergoes 
four  metamorphoses.  The  worm  is  produced,  in  the  spring,  from  the  egg,  or  ovule. 
It  casts  its  skin  from  three  to  four  times,  and  finally  spins  a  thread,  produced,  or 
rather  secreted,  by  two  glands  placed  near  the  head,  from  small  apertures,  in  which 
is  a  glutinous  fluid  which  immediately  coagulates  under  contact  with  air.  Thus 
what  is  termed  a  cocoon  is  formed,  wliich  serves  as  a  shelter  for  the  pupa 
against  ii^'ury  and  cold.  The  thread  is  double,  but  is  united  in  one  by  a  peculiar 
kind  of  glue  termed  serecin,  which  is  laid  as  a  kind  of  varnish  over  the  whole 
surface  of  the  thread,  of  which  it  forms  about  35  per  cent  of  the  weight.  After  a 
period  of  fifteen  to  twenty-one  days  the  pupa  is  metamorphosed  into  a  butterfly, 
which,  in  order  to  leave  its  prison,  softens  a  portion  of  the  cocoon  with  a  juice  which 
it  secretes,  and  then  perforates  the  softened  part.  For  the  purpose,  however,  of 
producing  silk,  the  pupa  is  not  allowed  to  develop  so  far,  but  is  killed  (excepting  in 
a  number  of  cocoons  intended  for  the  fiill  development  of  the  butterflies  so  that  they 
may  produce  eggs),  and  the  thread  of  the  cocoon  is  carefully  wound  on  a  reeL 

VMiJcte^^^Sf^S^onna.  ^^  Bombyx  mori  is  the  main  supplier  of  silk.  Its  food  is  the 
leaves  of  the  white  mulberry  tree,  Marus  alba.  There  are,  however,  other  silk- 
producing  insects,  among  which  the  following  are  to  be  noticed ; — 
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a.  Bombyx  cynthia,  largely  onltivated  by  the  natives  of  the  north-eait  portkm  <rf  the 
interior  of  Bengal  and  also  by  the  Japanese ;  the  former  call  this  worm  ArrUtdy-ania,  the 
latter  Yama-mal.  This  worm  feeds  on  rice  leaTes,  Ilieinu$  eommunii.  The  taSk  obtained 
from  this  insect,  although  less  brilliant  than  that  which  the  ordinary  silkworm  yields,  is 
very  useful,  as  being  durable  and  strong.  This  worm  will  feed  on  other  leaTes,  such  as 
that  of  the  weavers'  thistle,  Dipsaetu  fulUmum^  wild  chicory,  Chicorium  lntilni$t  and  the 
leaves  of  the  Aylanthus  glandulosa.  The  results  of  acclimatising  this  inseet  in  Franco 
and  Germany  have  been  satisfactory.  * 

b.  Bombyx  Pemyi  is  a  native  of  Mongolia  and  China ;  it  feeds  on  oak-leaves.  Some 
years  ago  these  worms  were  introduced  into  France,  and  have  been  fed  and  reared 
successfully  upon  European  oak-leaves. 

c.  Bombyx  mylittOt  or  Tussa  worm,  is  a  native  of  the  colder  parts  of  Hindostan  and  of 
the  slopes  of  the  Himalaya.  Its  silk  is  an  important  article  of  commerce  in  BengaL 
This  insect  feeds  on  oak  and  other  leaves,  casts  its  skin  five  times,  and  yields  iMgs 
cocoons.  The  fibre  of  this  kind  of  silk  is  from  six  to  seven  times  stouter  than  the  silk  of 
the  ordinary  worm,  but  unfortunately  the  Tussa  worm  only  lives  in  its  free  natural  state, 
and  when  captive  does  not  produce  silk.  The  following  silk-producing  varieties  belong  to 
Korth  America : — d.  Bombyx  poluphemus  ;  on  oak  and  poplar  trees,  e.  B.  eeeropia ;  on 
elm,  whitethorn,  and  wild  mulberry  trees.  /.  B.  plateruii ;  on  a  kind  of  Tnimosa, 
Mimosa  platensU,    g,  B,  leuea  deserves  further  attention. 

We  quote  the  following  account  of  the  culture  and  rearing  of  silkworms : — i.  The 
mulberry  tree.  The  leaves  of  the  variety  known  as  the  white  mulberry  tree,  from 
the  fact  that  its  fruit  is  yellow  or  light  red  in  colour,  is  the  most  suitable  food  for  this 
insect,  but  its  cultivation  belongs  to  horticultural  pursuits,  and  we  cannot  enter  upon 
the  subject  here.  2.  The  production  of  the  eggs  or  ova  of  the  silkworm  is  efiTected  in 
the  following  manner : — The  largest  and  finest  cocoons,  and  such  as  have  a  fine 
thread,  arc  selected  and  preserved  ;  usually  the  cocoon  of  the  female  insect  is  more 
oval  than  that  of  tlie  male,  which  is  more  pointed  at  tlie  ends  and  is  som'^what 
depressed  in  tlie  centre.  Although  these  characteristics  do  not  apply  in  all  caaes, 
sericiculturists  become  sufficiently  adepts  in  this  matter  to  be  able  to  select  m 
sufficient  number  of  cocoons  of  each  sex.  100  to  izo  pairs  of  well-formed  cocoons 
yield  about  30  grms.  of  eggs,  about  50,000  in  number,  from  which,  however,  only 
about  70  to  75  per  cent  of  worms  are  obtained.  The  cocoons  selected  for  breeding 
purposes  are  allowed  to  remain  on  a  table  covered  with  a  white  cotton  doth. 
After  some  twelve  days  the  butterflies  make  their  appearance,  and  having  paired,  the 
females  after  a  lapse  of  some  forty  hours  lay  300  to  400  eggs.  3.  The  eggs  are 
properly  protected  from  cold  in  winter  and  remain  in  the  buildings,  called  magna- 
nerietf  being  placed  in  a  uniform  layer  on  a  cotton  cloth  stretched  on  a  woodea 
frame.  The  eggs  are  covered  with  sheets  of  white  paper  perforated  with  small  holeB. 
Upon  the  sheets  of  paper  mulberry  leaves,  at  first  cut  up  so  as  to  form  a  kind  of 
chaff,  are  placed.  In  France  a  contrivance  known  as  a  couveuse,  that  is  to  say,  an 
oven  in  which  a  suitable  temperature  is  kept  up,  is  now  generally  used  for  the 
purpose  of  breeding  the  worms,  which  are  best  hatched  from  the  eggs  at  a  tempera- 
ture of  30",  provided  moisture  is  also  present.  The  young  brood  on  leaving  the  eggs 
creep  through  the  holes  in  the  paper,  and  seeking  daylight  (tliere  is  always  £"06 
access  of  light  in  magnaneries)  begin  at  once  to  feed  on  the  mulberry  leaves.  4.  The 
rearing  of  the  worms  requires  care  and  attention.  They  are  best  placed  on  paper 
laid  on  wooden  frames.  The  worms  grow  rapidly  and  are  very  voracious.  They 
cast  their  skins  four  times,  and  after  thirty  to  thirty-two  days  begin  to  spin  the 
cocoons.  5.  When  the  period  of  spinning  approaches,  the  worms  are  placed  in 
small,  somewhat  conical  wicker-work  baskets,  in  which  they  are  comfortably  located* 
The  first  tlircad  spun,  or  rather  an  entangled  flocky  mass,  is  afterwards  separately 
collected  and  kept  as  floes  silk.    The  insect  discharges,  before  beginning  to  spii^ 
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'iturOier,  first  a  solid  substance,  white  or  green  in  colour,  and  consisting,  according  to 
P61igot,  chiefly  of  uric  acid,  next  a  clear,  watery,  very  alkaline  liquid,  which  contains 
1*5  per  cent  of  carbonate  of  potash,  this  curious  discharge  amounting  to  15  to  20  per 
cent  of  the  weight  of  the  worm.  The  formation  of  the  cocoon  is  finished  in  about  five 
days,  but  the  cocoons  are  not  collected  for  the  purpose  of  reeling  the  silk  until  after 
seven  or  eight  days,  so  as  to  make  sure  that  all  the  worms  have  spun. 

As  far  as  the  chemical  composition  of  silk  is  concerned,  we  have  to  distinguish 
between  the  fibre  and  its  envelope.  The  fibre  consists  for  about  half  its  weight  of 
fibroin,  a  substance  which,  according  to  Stadeler's  researches,  is  nearly  related  to 
homy  matter  and  mucus,  and  is  identical  with  these  as  regards  chemical  composi- 
tion. The  formula  of  silk  fibroin  is  dsHajN^Og.  The  gum-like  envelope  of  the 
silk  fibre,  which  has  been  termed  by  Cramer  and  Stadeler  silk  glue  or  seridn,  is 
partly  soluble  in  water  and  readily  so  in  soap-suds  and  other  alkaline  fluids.  The 
formula  of  sericin  is  dsHasNsOs.  P.  BoUey's  researches  have  proved  that  in  the 
ailk-producing  and  secreting  glands  of  the  worm  only  glutinous,  semi-liquid 
fibroin  occurs,  which,  in  coming  into  contact  with  air,  is  acted  upon  by  the  oxygen 
and  then  converted  into  sericin.  Raw  silk  leaves  on  ignition  a  small  quantity  J  of 
ash ;  Guinon  found  in  Piedmontese  raw  silk,  dried  at  100°,  0*64  per  cent  of  ash,  con- 
sisting of  0*526  lime  and  o'ii8  alumina  and  oxide  of  iron.    Dr.  G.  J.  Mulder  found 

in  100  parts  of  raw  silk : — 

Yellow  silk  from        White  silk  from  the 


Kaples. 

Levant  (Almarin  silk). 

Fibroin      53'40 

540 

Glue-yielding  matter      2070 

191 

Wax,  resin,  and  fatty  matter...      1-50 

1*4 

Colouring  matter 005 

— 

Albumin    2440 

255 

6.  Killing  of  the  Pupa  in  the  Cocoon. — The  pupa  remains  in  the  cocoon  for  from 
fifteen  to  twenty  days,  and  is  then  metamorphosed  into  a  butterfly,  which  will 
perforate  the  cocoon  and  thus  obtain  an  exit.  It  is  clear,  however,  that  the  cocoons 
not  intended  for  breeding  purposes  should  not  be  kept  so  long,  because  by  the 
perforation  of  the  cocoon  the  silk  is  spoiled,  or  at  least  greatly  deteriorated ;  therefore 
the  pupae  in  the  cocoons  are  killed  either  by  the  application  of  oven-heat  or  of  steam. 
MABipaiAtioftoftiMSiik.  Slx  difiercnt  operations  are  required  to  render  raw  silk  fit  for 
use  as  an  article  of  commerce  and  suited  for  weaving,  &c.  These  operations  are : — 
I.  The  sorting  of  the  cocoons,  an  operation  which  requires  great  care  and  greater 
experience,  its  aim  being — (a)  the  separation  of  yeUow  from  white  cocoons ;  03)  the 
elimination  of  all  damaged  cocoons  as  only  fit  for  yielding  floret  silk ;  the  damage  may 
arise  in  various  ways,  as,  for  instance,  by  mouldiness,  ii^ury  by  other  insects,  and, 
lastly,  fouling  of  the  pupa,  as  weU  as  perforation  by  the  butterfly ;  (y)  selection  of 
the  cocoons  according  to  varying  fineness  of  thread  and  uniformity  of  the  silk. 

2.  Winding  the  silk  on  a  reel  is  the  first  operation  with  the  cocoon.  By  this  the 
threads  of  silk  which  the  insect  has  wound  up  into  a  kind  of  ball  is  wound  off  and 
brought  into  the  shape  of  a  skein  or  strand. 

As  the  single  fibre  of  silk  is  far  too  thin  to  be  manipulated,  the  operator  usually 
unites  from  3  to  10  or  even  20,  making  them  unite  by  the  operation  of  reeling ;  this 
is  not  by  any  means  so  readily  performed  as  might  be  imagined,  because  it  is 
difficult  to  find  the  end  of  the  thread,  whilst  the  surface  of  the  cocoon  is  varnished 
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with  a  gnm-like  mass  which  {^hies  Uie  fihros  togetlier.  Partly  by  tlie  aid  d 
hot  water  and  partly  by  dexterity  tliese  difiicuUics  are  overcome,  and  hy  good 
management  a  thn>ad  of  250  to  900  metres  h'ngtli  may  be  obtained  from  each 
cocoon,  each  yielding  from  01 6  to  020,  at  the  utmost  025  grms.,  of  raw  silk,  i  kilo, 
of  raw  silk  requires  from  10  to  1 2  kilos,  of  co<*oons.  TJie  silk  thus  obtcdned  ia  tenned 
raw  silk,  whicli  should  be  quite  uniform  as  regards  tliickness  and  atrength  of  fibre. 
That  portion — tlie  interior  and  a  portion  of  the  outer  layer  of  the  cocoon — ^which  does 
not  admit  of  being  reeled  off  is  employed  for  making  floret  silk,  by  operationa  aimilar 
to  tlioso  in  use  for  wool  and  cotton — viz.,  cleansing,  disentangling,  combing, 
carding,  and  spinning,  to  produce  a  silk  yarn. 

I.  2%e  Throwing  of  Silk. — As  the  thread  obtained  by  reeling  ia  too  fine  for 
use  eitlier  for  weaving,  knitting,  sewuig,  &c.,  it  is  usufd  to  unite  several  tlireads  of 
silk  by  means  veiy  similar  to  those  used  in  rope-maldng,  an  operation  termed 
tlirowing,  knoi^n  as  twisting  when  the  tliread  of  raw  silk  is  simply  rotated  oa 
its  axis  so  as  to  make  it  stronger.  The  following  are  tlie  chief  varietiea  of  thrown 
silk  : — I.  Organzine,  used  as  chain  for  woven  silk  fabrics,  is  prepared  from  the  best 
raw  silk .  The  tlireads  of  3  to  8  cocoons  are  united  ;  being  first  strongly  twisted  and 
next  tlirown,  after  which  two  of  such  threads  are  t^dsted  together.  2.  Trame  used 
for  woof  or  weft  and  for  silk  cord  is  made  from  inferior  cocoons.  Single-threaded 
trame  consists  of  one  single  twisted  raw  silk  thread  made  up  of  the  united  threads  of 
3  to  12  cocoons,  llie  double-tlireaded  trame  consists  of  two  untwisted  threads  thrown 
to  the  left  but  less  strongly  than  in  organzine.  There  is  also  three-tlireaded  trame,  Ac. 
Trame  is  softer  and  smootlier  tlian  organzine,  and  therefore  fills  better  than  round 
threads  in  weaving.  3.  Marabou  silk  is  stiffly  tllro\^'n  and  similar  to  whipcord ;  it  is 
made  from  three  tlireads  of  the  whitest  raw  silk  and  tlirown  in  the  trame  fashion ;  is 
dyed  witliout  being  previously  scoured  (boiling  tlie  gum  out  in  this  instance),  and  ii 
again  thro\^ii  after  dyeing.  4.  Poll  silk  is  a  simple  raw  silk  tliread,  twisted, 
and  used  cliiefly  as  a  basis  for  gold  and  silver  wire,  such  as  is  worn  on  militaiy 
uniforms.  5.  Sewing  silk  is  obtained  from  some  3  to  22  cocoon  threads  being 
twisted  together.  There  are  several  otlier  varieties  of  silk  tliread  used  for  crt>chetk 
knitting,  &c. 

4.  Conditioning  or  Testing  of  Silk. — The  fineness  of  raw  as  well  as  of  thrown 
silk  is  expressed  by  stating  how  many  yards'  or  metres'  length  of  the  fibre  are 
contained  in  a  certain  weight.  The  unit  abroad  is  400  ells  or  475  metres.  When  the 
expression  is  used,  that  such  silk  is  at  10  grains,  it  is  understood  that  475  metres' 
length  of  that  particular  silk  weigh  10  grains ;  a  silk  at  20  grains  has  tlie  same 
length  but  double  the  weight,  and  consequently  tliat  silk  is  only  half  as  fine  as  the 
former. 

Raw,  as  well  as  thrown  silk,  contains  a  large  quantity  of  hygroscopic  watefi 
the  quantity  of  which  cannot  be  judged  by  the  external  appearance  of  the  mateiiaL 
The  silk  usually  met  with  in  commerce  contains  10  to  18  per  cent  of  hygroscopie 
water ;  and  silk  may  occasionally  contain  even  30  per  cent  witliout  appearing  to 
be  moist.  As  silk  is  a  very  expensive  material  and  often  sold  by  weight,  it  ia  clear 
that  this  property  of  taking  up  water  is  too  important  to  be  left  tmnoticed  ;  and  for 
that  reason  silk  is  conditioned  as  it  is  called,  tliat  is,  tlie  quantity  of  water  it 
contains  is  duly  ascertained. 

5.  Scouring  or  Boiling  the  Oum  out  of  Silk. — ^Excepting  a  few  instances,  snch  as 
for  example,  in  the  weaving  of  fine  silken  sieve  cloths,  and  for  crape  and  gania 
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fobrios,  raw  silk  has  to  be  deprived  of  its  envelope— the  gninmy  matter  already 
mentioned,  in  order  to  give  softness,  suppleness,  gloss,  and  especially  also  to  rendev 
the  silk  fit  for  being  dyed. 
The  operation  of  scouring  is  comprised  in  the  following  manipulations  :— 

1.  Removing  the  gum  (degommer), 

2.  Boiling. 

3.  Colouring. 

The  taking  out  of  the  gum  is  performed  in  the  following  manner : — Olive  oil  soap 
is  first  dissolved  in  hot  water  and  into  this  solution  at  85^  the  skeins  of  silk  are 
placed  hung  on  sticks.  The  skeins  are  moved  about  in  this  bath  until  all  the'^gum 
has  been  uniformly  taken  out.  The  silk  is  next  wrung  out,  rinsed  in  fresh  watei^ 
and  then  dried.  Silk  may  by  this  process  lose  12  to  25  per  cent  in  weight, 
according  to  the  quality  of  the  raw  silk  and  the  quantity  of  soap  employed.  The 
scoured  silk  is  ready  for  dyeing  with  dark  colours,  but  if  required  to  be  dyed  with 
bright  colours  it  has  to  be  first  boiled.  To  this  end  it  is  put  into  coarse  canvas 
bags,  each  containing  from  12  to  16  kilos,  of  silk,  and  in  these  sacks  the  silk  is 
placed  in  a  soap  bath  and  boiled  for  li  hours ;  the  silk  is  next  rinsed  in  water,  wrung 
out,  and  dried.  The  operation  of  rosing  or  colouring  aims  at  imparting^  to  the  silk  a 
slight  tint  in  order  to  enhance  its  beauty.  The  trade  distinguishes  various  hues  of 
white  silk,  such  as  Chinese  white,  azure  white,  pearl  white,  &c.  The  first  of  these 
hues,  a  somewhat  ruddy  tint,  is  obtained  by  rinsing  the  silk  in  soap-water,  to  which 
some  Orleans  has  been  added.  The  bluish  hues  are  produced  by  indigo  solutions. 
The  bleaching  of  scoured  silk  is  effected  by  the  aid  of  sulphurous  acid,  the  fibre 
either  being  placed  in  a  room  where  this  gas  is  evolved  from  burning  sulphur,  or  by 
treating  the  silk  with  an  aqueous  solution  of  the  acid.  As  silk  loses  a  great  deal  in 
weight  as  well  as  in  body  by  the  scouring,  which  is,  however,  required,  because  raw 
lilk  does  not  admit  of  being  dyed,  it  has  become  the  practice  to  produce  a  material 
called  Bouple,  obtained  by  treating  the  raw  silk  with  boiling  water  in  which  only 
a  small  quantity  of  soap,  i  kilo,  to  25  kilos,  of  silk,  is  dissolved.  Instead  of  this 
soap  solution,  an  acidified  (with  dilute  sulphuric  acid)  solution  of  sulphate  of 
magnesia  or  of  soda  is  sometimes  used.  The  silk  loses  by  this  process  only  4  to  10  per 
cent  in  weight.  In  order  to  bleach  raw  silk  without  depriving  it  of  its  natural 
rigidity,  the  skeins  are  digested  at  a  temperature  of  20*  to  30**  with  a  mixture  of 
alcohol  and  hydrochloric  acid :  this  liquor  becomes  green  in  colour,  and  the  deeper 
the  hue  the  whiter  the  silk.  The  silk  is  rinsed  in  water,  and  having  been  dried  will 
be  found  to  have  lost  only  about  2*91  per  cent  in  weight.  The  alcohol  used  in  this 
process  may  be  readily  recovered  by  neutralising  the  acid  with  chalk  and  by 
subsequent  distillation. 

Weaving  of  sok.  This  branch  of  the  silk  industry  is  very  similar  to  the  weaving  of 
cotton,  linen,  woollen,  and  mixed  fabrics;  very  frequently,  however,  silk  yam 
is  mixed  and  woven  with  other  fibres.  Often  either  the  chain  or  woof  is  made 
simply  of  twisted,  not  of  thrown,  silk,  the  advantage  being  the  production  of  thicker, 
but  less  coarse  fabrics.  Dark  silk  tissues  are  ready  for  the  market  as  soon  as 
woven ;  they  are  only  folded  and  pressed.  Lighter  silk  fabrics  (atlas  and  taffetas) 
are  washed  over  with  a  sponge  dipped  in  a  solution  of  gum  tragacanth,  and  are  next 
hot-pressed  or  calendered  by  the  aid  of  iron  cylinders  either  heated  by  steam  or  by 
placing  a  red-hot  iron  in  them.     Heavy  silk  fabrics  are  often,  as  it  is  termed, 
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moirid,  that  is,  while  partly  moistened  are  passed  between  hot  roUers.  By  the  aid  of 
copper  cylinders  bearing  various  designs,  diiferent  patterns  are  en  refirf  embossed 
npon  heavy  silken  and  silk  velvet  fabrics,  being  gaujred,  as  it  is  termed. 

Silk  fabrics  are : — i.  Smooth.    2.  Twilled.    3.  l^ttemed.    4.  Gkiiixe.    5.  Velvet 

a.  To  Uie  first  category  belong : — i.  Taffetas,  a  light,  thin,  smooth  tissue,  made 
of  scoured  silk,  the  chain  being  organzine  suigle  threaded,  the  woof  trame,  and 
hi-  or  tri-threaded.  2.  Gros  (Oros  de  Tours,  Gro»  de  Naples) ^  a  heavy  taffetas-like 
fabric,  woven  with  heavy  thread,  and  hence  having  a  ribbed  appearance  when  thidc 
and  tliin  threads  are  mixed. 

6.  Twilled  fabrics  are : — i.  The  various  kinds  of  serges  (CroUS,  lewmtin^  drap 
de  Moie,  bombasin).  This  fabric  has  a  right  and  a  wrong  side,  the  former  being  the 
chain  side.  2.  Atlas,  or  satin,  in  all  its  endless  varieties,  single,  double,  half^  and 
serge  atlas. 

0.  Patterned  fabrics.  To  tliis  class  belong  all  fabrics  which  either  by  the 
art  of  weaving  or  by  other  means  are  distinguished  by  some  design  (droguet,  chagrin, 
reps,  silk  damask,  &c.) 

d.  To  the  velvet  fabrics  belong : — i.  Genuine  velvet;  cut  or  uncut.    2.  Flush. 

e.  To  the  silk  gauzes  belong  an  immense  variety  of  very  light  materials,  as  for 
instance: — i.  Marie.  2.  Silkstramin.  3.  Crape.  4.  Various  qualities  of  silk  webs. 
5.  Barege. 

It  is  quite  beyond  the  scope  of  tliis  work  to  enter  into  further  details  on  the 
subject  of  the  mixed  fabrics,  of  wliich  indeed  there  is  a  very  large  and  yeariy 
increasing  variety.  Among  them  we  mention  here  only  poplin  as  made  in  Ireland,  a 
beautiful  mixed  fabric  of  linen,  wool,  and  silk,  and  often  woven  in  what  is  known 
as  tartan  pattern.  Mixed  woollen  silk  and  cotton  fabrics  are  very  largely  produoed 
in  tliis  country  as  well  as  abroad. 
MMBiof  Diitininiidiing  silk      OwiniT  to  the  mauufacturc  of  mixed  fabrics,  it  has  become 

Irom  Wool  and  from 

veftubie  Fibrvt.  a  ncccssity  to  be  enabled  to  detect  and  distinguish  silk  from 
woollen  as  well  as  from  cotton  and  linen  fibres.  Microscopical  investigation 
aided  by  chemical  tests  are  resorted  to  for  this  purpose. 

The  animal  fibres  (silk,  wool,  and  alpaca),  are  at  once  distinguished  from 
the  vegetable  (flax,  hemp,  cgtton),  by  the  fact  that  the  former  are  soluble  in  caustic 
potash,  and  the  latter  not.  The  animal  fibres  on  being  singed  give  off  a  smeU 
of  burnt  feathers,  and  when  ignited  in  the  fiame  of  a  candle  are  almost  immediately 
extinguished,  a  carbonaceous  residue  being  left.  Cotton  and  linen  fibres  continue  to 
bum,  do  not  give  off  the  smell  of  burnt  feathers,  and  do  not  leave  a  carbonaceous 
mass  when  extinguished.  Wool  and  silk  are  coloured  yellow  by  nitric  acid 
(1*2  to  1*3  sp.  gr.),  cotton  and  linen  not  so.  Nitrate  of  protoxide  of  mercury  colours 
animal  fibres  intensely  red,  and  upon  the  addition  of  a  soluble  alkaline  Bulphuret 
this  colouration  becomes  black.  Linen,  or  fiax,  and  cotton  are  noLat  all  acted  upon 
by  this  reagent.  An  aqueous  solution  of  picric  acid  dyes  wool  and  silk  intensely 
yellow,  but  not  so  vegetable  fibres.  The  colourless  liquid  obtained  (according  to 
Liebermann)  by  boiling  a  solution  of  fuchsine  with  caustic  potash  does  not  impart 
to  a  mixed  fabric  of  wool  and  cotton  any  colour  at  all ;  but  when  the  fiibric  is 
thoroughly  washed  in  water,  tlie  woollen  fibre  becomes  intensely  red-coloured,  while 
the  cotton  fibre  remains  colourless.  A  solution  of  ammoniacal  oxide  of  copper  in 
excess  of  ammonia  dissolves,  first  silk,  next  cotton,  but  not  wool.  When  wool  and 
floret  silk  are  mixed  tlie  latter  may  be  dissolved  by  successiye  treatment  with 
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nitric  add  and  unmonia,  while  wool  is  left.  A  solntion  of  oxide  of  lead  in  cBnstia 
potash  or  soda  may  serve  to  diaUngni^  v<x^  from  dik,  owing  to  the  fact  that,  in 
consequence  of  the  fonner  containing  snlphnr  and  the  latter  not,  the  mixture,  when 
wool  is  present,  becomes  black.  Nttro-pruaaide  of  sodium  is  undonbtedly  the  most 
delicate  test  for  dietinguiahing  between  silk  and  wool  in  Bulution  in  caustio 
alkali,  becanse,  owing  to  the  salphor  of  the  wool,  this  reagent  produces  in  the  solntioQ 
a  vi<Jet  colouration. 

Ity  the  aid  of  the  microscope,  cotton,  wool,  and  silk  are  readilj  distinguished 
from  each  other.  As  for  cotton  (see  p.  343),  it  has  been  fully  described,  and  its 
microscopical  appearance  illustrated  by  woodcuts,  as  also  have  silk  and  woollen 
fibres.  Of  the  latter  we  may  now  state  that,  whereas  cotton  fibre  consists  of  only 
one  cell,  wool  (as  also  hair  and  alpaca] ,  is  made  up  of  numerous  juxtaposed  cells ; 
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the  silk  fibre  being  similar  to  tlie  secreted  matter  of  spiders  and  other  kinds  of 
caterpillars.  Tlie  silk  fibre  (Fig.  253)  is  smooth,  cylindrical,  devoid  of  structure,  not 
hollow  inside,  and  equally  broad.  The  surface  is  glossy  and  only  seldom  are 
«iy  irregularities  seen  on  it  If  it  is  desired  to  detect  in  a  woven  fabric  the 
genuineness  of  the  silk,  it  is  best  to  cut  a  sample  to  pieces,  place  it  under  water 
nnder  the  object-glass  of  a  microscope  magnifying  120  to  mo  times,  covering  it  with 
a  thin  piece  of  glass.  The  round,  glazed,  equally  proportioned  silk  fibre,  Fig.  254, 
is  easily  distinguished  from  the  unequal  and  scaled  wool  fibre  (w  in  Fig.  X55I.  and 
from  the  fiat  band-like  and  spiral  cotton  fibre  (b.  Fig.  155).  Under  the  microscope 
also  the  admixture  of  inferior  with  superior  fibres  of  silk  can  be  essily  delected.  A 
small  microscope  known  as  a  "  linen-prover  "  is  sold  for  these  examinations. 
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Tansimo. 

TMuing.  Tho  Operation  by  wliich  the  skins  of  various  animals,  more  especially 
those  of  the  larger  mammalia,  are  converted  into  leather  is  called  tanning.  By 
leather  we  understand  a  substance,  tough,  flexible,  not  harsh ;  farther,  distingniBhed 
by  resisting  putrefaction  and  by  not  yielding  any  glue  when  boiled  in  water, 
as  is  the  case  with  tanned  hide,  sole  leather,  and  the  so-called  red-tanned  leather,  or 
only  after  a  very  continued  boiling,  as  with  tawed  skins  of  calves,  sheep,  or  goats. 
Whatever  tlie  differences  which  obtain  in  tlie  practical  processes  for  carrying  out  the 
conversion,  the  physical  principle  involved  is  the  same  in  all.  Knapp*8  genentl 
definition  of  leather  is  that  it  is  skin,  in  which  by  some  means  or  other  the  aggluti- 
nation of  the  fibres  after  drying  has  been  prevented. 

To  a  comparatively  very  recent  period  tanning  was  conducted  on  an  empirieal 
basis ;  it  is  only  by  a  more  accurate  knowledge  of  the  histological  stmctare  of  the 
skin  and  of  the  tannin -containing  materials  that  the  real  nature  of  the  procesa  has 
become  known,  this  knowledge  being  due  chiefly  to  the  researches  of  F.  Knapp  and 
EoUet. 

That  which  is  converted  into  leather  is,  however,  not  the  skin  or  hide,  bat  really 
what  is  known  anatomically  as  the  corium^  that  is  to  say,  the  inner  portion  of 
the  skins,  from  which  by  mechanical  (cutting  and  scraping)  as  well  ai^  by  chemical 
means  (action  of  lime)  the  other  integuments  have  been  removed.  In  its  most  general 
sense  tanning  should: — i.  Effect  ihe  prevention  of  putrefaction.  2.  Render  the 
dry  skin  a  supple,  fibrous,  tough,  non-transparent  substance,  and  not  homy  as  would 
be  the  case  were  the  skin  simply  dried.  A  weU-tanned  skin  or  hide  possessing  these 
properties  is  termed  "well  finished."  The  specific  process  of  tanning  is  of  ooone 
preceded  by  some  preliminary  operations,  the  aim  of  which  is  to  "  dress"  the  skins  or 
hides — that  is,  in  scientific  terms,  to  prepare  tlie  corium  more  or  less  perfectly  free 
from  all  other  integuments.  Tanning  in  the  more  restricted  sense  of  the  word  may  be 
efiected  by  a  great  many  organic  and  inorganic  substances ;  bat  in  practice  on  the 
large  scale  there  is  employed : — 

1.  Tannin  as  contained  in  oak  bark,  producing  brown-red  tanned  leather. 

2.  Alum  and  common  salt — Tawing. 

3.  Fatty  matters — Samian  or  Oil  Tawing. 

Anatomy  of  Aninud  Skin.  Loaviug  tlio  hair  out  of  the  questiou,  the  skin  of  the  mam- 
malia consists  of  several  layers.  The  uppermost  of  these  in  which  the  hair  is 
growing,  the  epidermis,  is  very  thin,  semi-transparent,  and  consists  of  cells  which 
contain  nuclei.  This  epidermis  is  covered  by  a  more  or  less  homy  layer  not 
possessing  any  vital  properties,  which  gradually  wears  off,  and  is  as  gradually  replaoed 
by  the  stratum  Malpighii,  or  Malpliigian  net,  a  structure  consisting  of  cells  con- 
taining fluid  and  nuclei.  It  is  this  layer  in  which  the  nerves  and  finer  blood  veaaelB 
are  imbedded,  together  with  the  glands  which  provide  the  perspiration.  In  the  tan* 
yards  this  layer  is  known  as  the  bloom  Me,  or  hair  side  of  the  skin  or  hide. 
The  real  corium  or  derma,  situated  under  the  layer  just  mentioned,  does  not  cooaiat 
of  cells,  but  is  of  a  fibrous  texture,  and  is  that  portion  of  the  skin  which  after 
tanning  constitutes  the  leather;  in  the  living  animal  it  is  separated  from  the 
muscles  by  a  more  or  less  strongly  developed  fat-bearing  tissue,  the  so-called 
paniticulus  adiposus^  which  is,  however,  removed  in  the  dressing,  the  side  of  the  sldn 


or  hide  to  which  it  was  attached  being  termed  the  flesh  side.  All  the  histologicaF 
constituents  of  skin  or  hide  possess  the  property  of  swelling  up  when  put  into  hot 
water,  and  of  becoming  after  more  or  less  protracted  boiling  converted  into  glue, 
more  slowly  when  the  skin  is  taken  from  old,  more  rapidly  when  from  young 
animals.  By  the  action  of  acetic  acid  the  fibrous  tissue  of  the  skin  is  converted  into 
a  jelly-like  transparent  mass,  in  which  the  fibres  are  not  only  not  destroyed  but  pre- 
sent with  their  peculiar  structure.  *  Alkaline  leys  dissolve  this  tissue  but  very 
slowly ;  while  lime-  and  baryta- water  have  no  other  effect  on  it  than  simply  the  dis- 
solving therefrom  of  the  cellular  binding  tissue  which  permeates  it,  and  which  is  an 
albumen  compound  also  acted  upon  by  dilute  acids. 

'  The  various  operations  of  tanning,  more  particularly  the  preliminary  operations 
of  steeping  and  dressing,  are  based  upon  the  behaviour  of  the  different  histological 
elements  of  the  skin  and  hide  with  alkaline  and  add  fluids ;  but  the  real  process  of 
tanning  is  based  upon  the  behaviour  of  the  corium  with  totally  different  reagents. 
This  latter  substance  has  the  property  of  combining  with  tannic  acid,  several 
metallic  oxides,  viz.,  alumina,  the  oxides  of  iron  and  chromium,  oxidised  fatty 
matter,  the  insoluble  metallic  soaps  (compounds  of  fat  acids,  viz.,  stearic,  palmitinio 
adds,  &c.,  with  oxide  of  lead,  &c.).  picric  add,  pinic  add  (present  in  rosin),  and 
other  organic  substances,  somewhat  in  the  same  way  as  animal  and  vegetable 
fibre  combine  with  dyes  and  pigments.  In  the  most  extended  sense  of  the  word  all 
these  substances  are  tanning  agents,  because  they  possess  the  property  of  being 
precipitated  on  and  in  the  fibres  of  the  corium,  so  that  when  the  latter  is  dried  the 
agglutination  of  the  fibres  is  prevented,  and  the  natural  suppleness  and  softness  of 
the  skin  preserved.  But  in  the  case  of  the  application  of  alumina  compounds,  the 
softness  is  only  imparted  to  the  tanned  skins  by  the  operations  of  currying  and 
dressing. 

I.  iW-  or  Bark- Tanning, 

Tanning  Materials. — ^This  branch  of  industry  employs  as  raw  materials  hides  and 
vegetable  materials  containing  tannin. 

These  vegetable  materials  contain  essentially  an  astringent  principle  termed 
tannin  or  tannic  acid,  and  which,  though  it  differs  in  some  of  its  properties  as 
derived  from  different  plants,  agrees  in  being  of  an  astringent  taste,  exhibiting} 
add  reaction  to  test-paper,  of  yielding  with  salts  of  peroxide  of  iron  a  deep  blue- 
black  or  green-black  colour,  of  precipitating  solutions  of  glue  and  cinchonine,  and 
lastly  of  converting  animal  skins  into  leather.  It  has  been  proved  that  the  tannin 
present  in  nut-galls — ^which,  by-the-bye,  are  too  expensive  for  use  in  tanning  opera- 
tions— ^is  converted  by  the  action  of  acids  and  by  fermentation  into  glucose  and 
gaUic  add,  the  latter,  however,  not  being  suited  for  tanning  purposes.  Under  the 
conditions  which  obtain  during  the  tanning  of  hides,  the  tannic  add  contained 
in  oak  bark  (tan)  cannot  be  split  up  similarly  to  nut-galls,  and  this  negative 
property  really  aids  the  tanning  operations  greatly.  All  kinds  of  tannic  acid  are, 
when  in  contact  with  alkaline  liquids,  such  as  lime-water,  caustic  potassa,  ammonia, 
and  with  the  simultaneous  presence  of  air,  decomposed  and  converted  into  brown- 
coloured  humin  substances. 

o^Baik.  This  substance  is  for  the  tanner  the  most  important  of  all  tannin- 
containing  materials,  and  cannot  be  replaced  by  any  other.  It  is  the  inner  bark  of 
several  kinds  of  oak,  Quercus  rohur,  Q.  peduncuUUa,  and  is  stripped  from  the  trees, 
and  branches  when  these  have  attained  an  age  of  from  nine  to  fifteen  years,  the  bark 
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when  cut  into  splints  being  termed  tan.    According  to  E.  Wolfi^  the  qdantitj  of 
tannin  contained  in  oak-bark  is  as  follows : — 

Tannic  Aoid.       Age  of  the  Trees. 
In  tlie  crude  bark  covered  with  the  rind      zo'86  per  cent      41  to  53 
„      inside  layer  of  the  old  bark 

„      inside  of  tlie  bark      

,,  crude  bark  and  inside  of  bark  ... 
„  inside  layer  and  inside  of  bark 
„      inside  of  bark     ... 

ff  yf  |«  ...  •••  •••  ••. 

According  to  Biichner  s  researches  (1867)  the  quantity  of  tannic  add  contained  in 
the  best  kinds  of  oak  bark  does  not  exceed  6  to  7  per  cent.  The  fir  bark  (produce  of 
Pinus  8yh'f8tri$)  is  one  of  tlie  best  tanning  materials,  and  is  frequently  used  for  sole 
leatlicr ;  this  bark  is  stripped  off  tlie  trees  immediately  after  tliey  have  been  cat  down 
for  timber.  ^Vllile  J.  Feser  found  5  to  15  per  cent  of  tannin  in  this  bark.  Dr.  Wagner 
found  oidy  7*3  per  cent.  In  the  United  States  tlie  bark  of  the  Abiet  eanadeimt 
is  used ;  and  an  extract  is  in  the  trade,  which  according  to  Kessler's  researohei 
(1867)  contains  14*3  per  cent  of  tannic  acid.  Tlie  extract  is  imported  into  this 
country  under  the  erroneous  appellation  of  hemlock  extract.  The  bark  of  the  elm 
with  3  to  4  per  cent  tnnnin,  the  bark  of  tlie  horse-chestnut  with  about  2  per 
cent  tannin,  and  beech-tree  bark  with  also  about  2  per  cent  tannin,  are  all  employed 
for  tanning  purposes.  The  younger  branches  and  twigs  of  the  willow  trees  yield  a 
bark  (3  to  5  per  cent  tannin)  which  is  especially  suited  for  certain  kinds  of  ^ofs 
leatlier;  wliile  aiiotlier  kind  of  T^illow  bark  is  used  for  tlie  tanning  of  Rossiaa 
leather.  In  Tasmaida  and  New  South  Wales  tlie  barks  of  some  species  of  acaoia, 
viz.,  A&icia  ilealhuta,  A.  melanoxyJon,  A*  lasiophylhi,  and  A,  decurren»  are  used. 
Among  the  native  European  plants  which  might  be  advantageously  cultivated 
for  tamiiug  purposes,  the  Polytjonum  historta  deserves  to  be  mentioned :  this  plant 
sliuuld  contain  according  to  Froas  from  17  to  21  per  cent  (?)  of  tannic  add. 

sainae.  Tliis  substauco  is,  uext  to  oak  bark,  one  of  the  most  important  »^w*»««g 
niatcrials ;  it  is  tlie  product — tlie  leaves  and  stems — of  a  slirub,  the  so-called  tanner's 
sumac  {Rhus  coruiria  and  R.  typhina),  which  grows  wild  in  Southern  Europe  and 
the  Levant,  and  is  cultivated  in  North  America  and  Algeria.  The  shoots  from  the 
roi)t>i  are  collected  and  planted  in  June,  and  after  some  three  years*  growth,  the 
shrubs  are  large  enough  to  admit  of  tlie  branches  and  leaves  being  gathered.  The 
young  branches  and  twigs  are  cut  off,  aud  after  dr}'ing  in  the  sun,  the  leaves  are 
beaten  off  with  sticks  or  clubs,  and  next  crushed  under  mill-stones,  sifted,  and  packed 
into  sucks,  and  tlius  sent  into  the  market.  The  sumac  of  commerce  is  a  coans 
powder,  exhibiting  a  yellow  or  blue-green  colour,  and  containing  12  to  16*5  per 
cent  of  tannic  acid.  By  keeping,  the  tannic  acid  of  sumac  is  converted  into 
secondary  products,  owing  to  a  spontaneous  fermentation.  Sumac  also  contains  a 
yellow  dye-stuff  wliich  seems  to  be  identical  with  querdtrin.  With  sumac  should  not 
be  confused  another  material  of  the  same  name,  but  distinguished  as  Italian  or 
Venetian  sumac,  and  derived  from  the  Rhuicotinus,  also  yielding  ftistic  or  yellow 
dye-wood.  Ittilian  sumac  is  the  pulverised  bark  of  the  young  twigs  and  leaves  of 
tliis  plant,  which  under  the  name  of  ruga  grows  in  Soutliem  Europe  and  also  near 
Vienna ;  it  is  largely  UHed  in  the  countries  where  it  grows  for  tanning  puxposes, 
being  more  particularly  employed  for  preparing  goat-  and  sheep-skins. 
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XMtiiihrL  The  material  designated  by  this  name  is  tlie  seed  capsule  of  some  trees 
found  native  in  Central  America,  and  belonging  to  the  Cttsalpiniac'ue ;  these  seed 
capsules  are  about  6  centims.  long,  are  bent  as  an  S,  have  a  brown-red  colour,  and 
contain  olive-green  coloured,  egg-shaped,  polished  seeds.  In  1768  the  Spaniards 
brought  tliis  material  to  Europe,  wliere  it  is  used  for  tanning  purposes  on  account  of 
the  tannin  contained  in  the  epidermis  of  the  capsules  (more  correctly  ttiliquie,  or  pods). 
The  quantity  of  tannin  was  found  by  MiiUer  to  be  49  per  cent,  by  Fleck  3 24  per 
cent,  while  Dr.  Wagner  found  from  19  to  267  percent.  Dividivi  is  rather  an  expen- 
sive tanning  material,  but  is  occasionally  used  for  dyeing  purposes.  Among  the 
tannin-containing  substances  which  are  occasionally  imported  from  abroad  may  be 
mentioned  the  bablali,  the  produce  of  the  Amcia  Bablah  and  allied  species.  This 
material  contains,  according  to  Fleck,  20' 5  per  cent  tannin,  while  Dr.  Wagner.found 
14*5  per  cent.  Algarobilla,  tlie  seed  capsules  of  the  Protopit  pallida^  a  native  of 
Chili,  has  been  also  occasionally  employed  as  tanning  material  in  tliis  country. 
Although  myrobolans,  the  fruits  of  Terminulia  citra,  T.  Belliriva,  and  T.  Chebula,  are 
imported  from  Bombay,  they  contain  too  little  tannin  to  be  of  any  service  in  tan-yards. 

Nut  omiia.  We  Understand  by  tliis  name  an  excrescence  formed  on  the  leaves  of  thd 
Quercus  infectorla  by  the  puncture  of  the  female  insect  of  the  Cynips  galla  tmctorue; 
or  oak  wasp,  effected  in  the  leaves  and  young  twigs  in  order  to  deposit  its  eggs ;  the 
juices  of  tlie  tree  collect  round  the  egg,  and  on  hardening  form  the  nut-gall.  Thin 
material  is  best  collected  before  tlie  young  insect  has  become  fully  developed, 
because  then  the  gall  contains  the  largest  quantit}'.  of  tannic  acid.  In  the  market 
three  varieties  are  met  with,  termed  black,  green,  and  white  galls.  The  black  and 
green  variety  have  been  gathered  before  the  insect  became  fully  developed  inside  the 
nut;  these  galls  therefore  do  not  exhibit  outwardly  any  hole  or  opening,  but  on 
breaking  the  gall  there  will  be  observed  in  the  centre  a  small  cavity  surrounded  by  a 
light  brown  friable  substance,  which  contains  the  larva  of  the  insect  Galls  are 
generally  spherical,  but  exhibit  small  irregularities  of  surface,  and  are  of  a  black- 
green  or  grey  colour.  The  white  galls  are  gathered  after  the  insect  is  fully 
developed,  and  has  by  perforating  the  tissue  of  the  gall  escaped.  This  variety  is 
more  spongy,  its  colour  is  a  red-brown  or  brown-yellow.  Galls  of  good  quality  are 
obtained  only  from  warmer  countries,  for  although  galls  are  formed  in  our  climate 
upon  oak  leaves,  tlie  quantity  of  tannin  contained  amounts  to  only  3  to  5  per  cent. 
Fehling  found  in  Aleppo  galls  from  60  to  66  per  cent  of  tannic  acid,  while  Fleck 
found  58*71  per  cent  of  this  acid,  and  59  per  cent  gallic  acid. 

vaioniA  Nats.  Theso  are  the  dried  immature  acorn  cups  of  two  species  of  oak, 
QuercuM  agilops  and  Valouia  camata,  both  being  employed  in  tanning  as  well  as  the 
valonia  nuts  produced  by  the  puncture  of  the  Cynip$  quercus  calycis.  The  quantity 
of  tannic  acid  met  with  in  these  substances  averages  about  40  to  45  per  cent.  In  the 
so-called  valonia  flour,  obtained  by  grinding  the  acorns  belonging  to  this  class* 
Dr.  Wagner  found  19  to  27  per  cent  of  tannin.  The  acorn  cups  are  imported  under  the 
name  of  drillot,  and  according  to  Eothe  these  contain  43  to  45  per  cent  of  tannin. 

chiiMM  oaUs.  Under  this  name  has  been  known  in  the  trade  since  1847,  ^^^  imported 
from  Japan,  China,  and  Nepaul,  the  excrescence  upon  a  kind  of  sumac,  Iiku9 
javanica  and  U.  temialata,  produced  by  the  puncture  of  the  Aphis  sinetuU,  This 
gall-nut  is  rather  oblong  or  bean-shaped,  with  an  irregular  surface  covered  with  a 
yellow-grey  felt ;  the  length  varies  from  3  to  10  centims.,  and  the  thickness  from  1*5  to 
4  centims. ;  the  texture  is  homy ;  the  quantity  of  tannin  varies  from  60  to  70  per  cent. 
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Catch.  The  BttbstanceB  long  known  in  medicine  under  Uie  name  of  aiteohii  md 
kino  have  been  for  tlie  last  fifty  years  also  employed  as  tanning  materials.  Thej  ars 
vegetable  extracts,  tliat  kuown  as  cutch  (trade  term)  being  obtained  by  ezhaosting 
with  boiling  water  tlic  ])ith  of  the  wood  of  tlie  Acacia  ctiteeku^  a  tree  met  with  in 
different  parts  of  tlie  tropical  regions  of  Asia.  Tlie  liqaor  obtained  by  boiling  the 
pitli-wood  in  water  is  inspissated,  and  on  cooling  forms  a  solid  mass,  which  is  bron^t 
into  commerce  in  various  sliapes  and  named  after  the  port  of  shipment.  Bombay 
cutch  is  met  with  in  the  sliape  of  largo  square  blocks,  tlurough  and  round  which  the 
leaves  of  a  kind  of  palm-tree  are  placed.  The  colour  of  tlie  fracture  of  this  substance 
is  a  brown-black  witli  a  fatty  gloss ;  externally  the  mass  is  dull  and  friable.  Bengal 
cutch  is  prepared  from  Uio  nuts  of  the  A  recti  aitechu,  and  occurs  in  commerce  as 
large,  irregularly-shaped  cakes,  externally  brown,  internally  more  yellow-coloured. 
Gambir  is  a  variety  of  cutch  prepared  in  Sumatra,  Singapore,  and  .Malacca,  and 
especially  in  the  Island  of  lUouw,  from  tlie  leaves  and  stems  of  the  Umcaria  Gambir. 
The  dry  extract  occurs  in  commerce  in  small  cubical  blocks,  which  are  light,  of  a 
cinnamon-colour,  and  very  friable,  the  fracture  being  earthy.  All  these  substances 
contain  about  40  to  50  per  cent  of  a  peculiar  kind  of  tannic  acid  or  catechu- tannie 
acid,  the  fonuula  of  whicli,  according  to  J.  Lowe,  is  CX5H14O6,  as  well  as  a  peculiar 
acid,  catechutic  acid,  CX6H14O6,  not  of  much  use  in  the  tanning  process. 

Kino.  This  drug  is  ver}'  similar  to  catechu,  and  is  said  to  be  the  extract  prepared 
from  various  plants,  viz. : — 

African  kino  from    •    ...  Pterocarpus  erimactUM^ 

East  Lidian  kino  from    Pterocarpui  Martupiwm^ 

East  Indian  kino,  according  to  others,  from  Butea  frondota^ 

West  Indian  kino  from Coceolaba  wsifera^ 

Australian  kino  from      Ewal}fptut  reginifitra. 

Kino  is  met  with  in  small,  angular,  brittle,  brown-red  to  black- coloured  masses, 
the  powder  of  which  is  always  broT^n-red.  It  is  soluble  in  hot  water  and  alcohol, 
yielding  a  blood-red  solution  of  an  astringent  and  sweet  taste.  Kino  contains  from 
30  to  40  per  cent  of  a  tannic  acid  similar  to  that  contained  in  cutch ;  both  of  these 
materials  are  especially  useful  in  so-called  quick  tanning. 

'tSxiUJStai  MluriJIb.**'  T^^®  value  of  all  the  tanning  materials  entirely  depends  upon 
the  quantity  of  tannic  acid  tliey  contain.  Tlie  latter  is  soluble  in  water,  and  more  or 
less  completely  precipitated  from  tliat  solution  by  various  reagents,  such  as  glue  and 
animal  skin,  acetate  of  copper,  acetate  of  oxide  of  iron,  cinchonine  and  quinine, 
while  a  solution  of  permanganate  of  potash  completely  destroys  Uie  tannic  acid. 
Upon  these  proi>erties  the  following  properties  have  been  based  for  tlie  approximative 
estimation  of  the  quantity  of  tannic  acid  present  in  various  tanning  materials : — 

z.  Precipitation  by  glue  or  skin : — 

a.  Weighing  of  the  skin  before  and  after  immersion  in  the  liquor  containing 
tannin,  the  increase  of  weight  giving  the  quantity  of  tannic  acid. — (Davt). 
6.  Precipitation  with  gelatine  solution  of  known  strength. — (Feht.ing). 

c.  Titration  by  means  of  an  alnminated  solution  of  glue. — (G.  Muixer). 

d.  First  determine  the  specific  graWty  of  tlie  tannin  solution  by  means  of  an 

areometer,  next  remove  tlie  tannin  by  skin,  and  then  again  take  spedfio 
gravity  of  liquid,  the  decrease  being  proportionate  to  the  quantity  of  tannin 
in  the  original  liquor. — (C.  Hammer;. 
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2.  Precipitation  of  tannin  by  acetate  of  copper,  and  estimation  of  the  relation 
between  tannin  and  oxide  of  copper  in  the  precipitate  :-^ 

a,  Volumetrically. — (H.  Fleck)  ;  or 

b.  By  tlie  gravimetrical  method. — (E.  Wolff). 

3.  Volumetrical  estimation  of  tannin  by  acetate  of  iron. — (R.  Handtke). 

4.  Oxidation  of  tannic  acid  by  permanganate  of  potash. — (Lowknthal). 

5.  Precipitation  of  tannin  by  means  of  cinchonin,  the  solution  of  which  is  tinged 
red  by  means  of  fachsin.  i  grm.  of  quercitannic  acid  requires  07315  grm* 
cinchonine,  equal  to  4' 523  grms.  of  crystalUsed  neutral  sulphate  of  cinchonin.-^ 
(R.  Wagner). 

TiM  BUna.  The  skius  of  almost  all  quadrupeds  might  be  converted  into  leather  by 
tanning ;  but  the  tanner  chiefly  prepares  his  leather  from  the  hides  of  cattle,  occasion- 
ally from  the  hides  of  horses  and  asses  as  well  as  of  pigs.  The  quality  of  the 
hides  not  only  depends  upon  the  kind  of  animal,  but  also  upon  its  fodder  and  mode 
of  living.  The  hides  of  wild  cattle  yield  a  more  compact  and  stronger  leather  than 
the  hides  of  our  domesticated  beasts ;  among  tliese  the  stall-fed  have  better  hides 
than  the  meadow-fed  or  grazing  cattle.  The  thickness  of  the  hide  varies  consider- 
ably on  diflerent  parts  of  the  body,  the  thickest  part  being  near  the  head  and  the 
middle  of  the  back,  while  at  the  belly  the  hide  is  thinnest.  These  differences  are 
less  conspicuous  in  sheep,  goats,  and  calves.  As  regards  sheep  it  would  appear  that 
their  skin  is  generally  thinnest  where  their  wool  is  longest. 

The  hides  of  bulls  and  oxen  yield  the  best  and  stoutest  leather  for  soles.  In  the 
raw — uutanned — state,  and  with  the  hair  still  on,  the  hides  are  termed  ''  green  "  or 
**  fresh."  Fresh  or  green  hides  are  supplied  to  the  tanners  by  the  butchers,  or  are 
imported  either  dry  or  salted.  A  hide  weighing  in  fresh  state  from  25  to  30  kilos, 
loses  by  drying  more  than  half  its  weight.  South  America  (Bahia,  Buenos  Ayres,  &c.) 
exports  a  large  quantity  of  hides,  both  dry  as  well  as  salted  and  cured  by  smoking. 
The  hides  of  cows  yield  generally  an  inferior  grained  leather ;  but  South  American 
cow  hides  may  be  worked  for  light  sole  leather.  Calves'  hides,  again,  are  thinner, 
but  when  well  tanned,  curried,  and  dressed,  yield  a  very  soft  and  supple  upper 
leather  for  boots  and  shoes.  Horse  hides  are  only  tanned  for  saddlery  purposes, 
while  sheep-  and  goat-skins  and  the  skins  of  lambs  are  tanned — or  more  generally 
tawed — for  the  purpose  of  making  wash-leather,  maraquin,  glove-leather,  book- 
binders'-leather.    Pigs'  hides  and  seals'  skins  are  tanned  for  saddlery  purposes. 

Th«  sermd  openttoiu.  The  scvcral  Operations  of  the  oak  bark  tanning  process  may  be 
reduced  to  three,  viz. : — A.  The  cleansing  and  dressing  of  Uie  hide  on  the  hair  and 
flesh  side ;  in  other  terms,  the  separation  of  the  corium  from  the  other  integuments. 
B.  The  true  tanning.  C.  The  currying  and  dressing  operation,  by  which  the 
tanned  hide  becomes  a  saleable  article.  These  three  operations  are  again  subdivided 
as  follows : — 

A.  The  cleansing  of  the  hide  :-— 

1.  Steeping  and  macerating  the  hide. 

2.  Dressing  the  flesh  side. 

3.  Dressing  the  hair  side. 

4.  The  swelling  of  the  cleansed  hide. 

B.  The  tanning  of  the  cleansed  hide,  performed  either  by  placing  it  in  tanks  or 
pits  with  oak  bark  and  water,  or  in  a  liquor  of  these  previously  prepared,  or  by  the 
so-called  quick  method. 
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C.  Tlio  dressing  and  ciirrrin^'  of  the  tanned  hides,  by  whidr  is  uhderatbod  all  the 
oponitioi.s  which  tt^nd  to  improve  the  conipactness  of  texture,  or  giTo  a  better  grain 
and  bettor  uppeoi'iini^e  to  the  leather,  togctliur  with  softness,  toughness,  supfdeneu, 
and  colour. 

cicaii<JnK th.' iiMrA.  A.  This  opomtion  includes: — i.  Tlie  steeping  or  macerating  of 
the  hide  in  water  for  tlie  purpose  of  rendering  tlic  texture  unifonnlj  soft  snd  u 
supple  that  it  may  I>e  1>ent  without  danger  of  cracking,  while,  on  the  other  hand,  thii 
steeping  also  etTfcts  a  cl(Minsin«(  of  the  hi<le  by  removing  from  it  blood  and  dirt.  The 
fresh  hides  of  recently  slaughtered  nnimala  require  a  maceration  in  water  for  some 
two  or  tliree  days,  but  dried,  cured,  or  salted  hi(U>s  have  to  be  left  macerating  for  some 
eight  to  ten  days.  This  operation  should,  if  possible,  be  carried  on  in  a  stream  of 
water  ;  but  if  there  is  no  convenience,  then  tlie  hides  are  placed  in  large  tanks:  in 
cither  case  the  hi(h>s  are  taken  out  twice  daily  and  put  back  into  tlie  water  again. 

ciMnitiiiR  nf  the  mi^kIi  8i.i<>.  ^Vh(>n  tlio  liidcs  have  become  quite  soft,  tliey  ar^— 
(21  cleansed  or  dress(>d  on  th(>  tlesh  side  by  being  placed  witli.tlie  hair  side  down- 
wards on  a  **  tree,"  a  stout  seuii-circuhir  plank,  one  end  of  which  la  placed  on  tbs 
ground  while  tli<>  other  is  supixirted  by  a  trestle,  so  tliat  tlie  plank  is  in  a  eloping 
position.  The  workman  has  a  so-called  dressing;- knife,  a  tool  to  wliich  handles  sn 
fastened,  and  which  is  iM'iit  so  as  to  form  a  slight  curve ;  witli  tliis  knife  he  shaves, 
or,  us  it  were,  ])lanes  otU  from  the  hide  all  fatty  tissue  and  integuments  which  an 
8ituatt;d  between  tlie  hide  and  the  muscles.  At  the  same  tune  tlie  water  is  squeezed 
out  of  the  hide  to  some  extent. 

After  a  preliminai*}'  or  first  dressing',  the  hides  are  again  placed  for  twenty-four 
lioui-s  in  water ;  the  dn>sHin^  and  ]ilaning  is  then  quite  finislied,  and  the  hides 
having  been  well  washed,  are  left  t«)  drain  on  the  tree  ready  for  removing  tlie  hair. 
In  some  instances  the  hides  are  waslied  by  the  ai<l  of  "  iN^ssing- sticks,"  and  •*  fulled" 
by  means  of  machin«?ry,  by  whieh  the  openition  is  greatly  sliortcned,  so  much  so. 
that  two  to  three  days  sutlice,  inst^'od  of,  us  is  usual  by  tlie  aid  of  manual  labour, 
eight  to  ten  days. 

ckainiiiiR  th«  Hair  si.io.  3.  Tliis  operation  aims  at  the  removal  from  tlie  corium  of  the 
q)idcrmis  and  hair-containing  integuments.  As  the  hair  imd  integuments  connected 
therewitli  ar«  very  tirmly  attaehed  to  the  corium,  the  n»moval  can  only  be  safely 
proceeded  with,  so  as  to  leave  tlie  corium  uninjured,  by  tlie  employment  of  a 
inenstnnim  which  more  or  less  dissolves  and  causes  the  epidennis  to  swell  up.  For 
this  purpose  the  hides  are  usually  placed  in  lime-i^its.  tlie  ctfect  of  tlie  lime  being  the 
partial  dissociation  tin  an  anatomical  sense)  of  the  epidermis,  so  that  it  and  the 
hairs  may  be  readily  removed  l)y  mechanical  means. 

The  effect  is  usually  obtained  by — a.  Sweating;  /;.  Jjimiiig;  e.  Application  of 
rusmu  or  compounds  of  sulphiiret  of  calcium. 

a.  A  semi-putrefactive  fermentation  called  sweating  is  employed  in  the  case  of 
thick  hides,  such  as  serve  for  sole  leather,  wliich  are  not  placed  in  lime  owing  to  the 
fact  that  it  cannot  be  comjili-tely  removed,  and  would  render  the  leather  brittle. 
The  opei-ution  of  sw«?ating  <'onsists  in  placing  the  hides  one  upon  tlie  other,  the  flesli 
side  turned  inward,  some  salt  or  crude  wood  vinegar  having  been  first  rubbed  in,  in 
a  tank,  or  box,  which  c:jn  he  elosed  so  that  tlic  heat  genoratc<l  by  the  fermentation 
which  sets  in  may  be  conJined  as  much  as  possible  to  aid  tlie  action.  As  soon  as  the 
ovidution  of  ammonia  is  perceptible,  tlie  hides  are  ready  for  the  removal  of  the  hair, 
which  is  shaved  oil',  to;,'ethor  witli  the  epidermis,  by  the  aid  of  the  dressing-knife. 
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Instead  of  causing  the  sweating  to  be  done  by  feimentation,  the  hides  are  sometimes, 
hung  on  laths  in  rooms  eitlier  heated  by  means  of  steam  or  by  fire.  A  temperature 
of  30°  to  50*^  should  be  kept  up,  togetlier  with  a  good  current  of  steam,  by  wliich  tlie 
epidermis  is  thoroughly  softened.  In  order  to  prevent  any  injury  to  the  corium,  the. 
hides  are  sometimes  submitted  to  what  may  be  termed  a  cold  sweating  process, 
consisting  essentially  in  placing  the  hides  in  water-tight  tanks,  in  wliich  there  is  a 
constant  current  of  fresh  water,  the  temperature  being  kept  at  6°  to  12''.  The  hides 
tlius  submitted  to  a  constantly  moist  atmosphere  become,  alter  six  to  twelve  days, 
without  any  perceptible  putrefaction,  fitted  for  the  removal  of  the  e])idermis  and  hair. 

b.  The  liming  of  the  liides  not  only  prepares  tliem  for  tlie  removal  of  the  hair,  but 
also  saponifies  tlie  fatty  matter ;  and  though  the  lime  soap  tlius  formed  is  insoluble  in 
water,  it  is  removed  by  subsequent  mechanical  and  chemical  operations.  The 
operation  of  liming  is  carried  on  in  pits,  into  which,  along  with  milk  of  lime,  the 
hides  are  placed  so  as  to  be  quite  covered.  Usually  several  (three  to  five)  pits  are  in 
use  at  once,  each  of  which  contains  a  difierent  quantity  of  lime.  That  the  milk  of 
lime  should  be  frequently  stirred  in  these  pits  is  of  course  evident.  The  liides 
remain  in  Uie  lime-pits  for  three  to  four  weeks. 

c.  The  very  tliin  skins  of  the  smaller  animals  will  neitlier  sustain  sweating  nor 
liming  and  are  therefore  treated  with  rusma,  a  salve -like  mixture  of  orpiment, 
I  part  with  2  to  3  parts  of  slaked  lime.  By  the  rubbing  in  of  tliis  mixture  on  the 
hair  side  of  the  skins,  the  hairs  are  so  softened  as  to  make  their  removal  an  easy 
matter.  Bottger  states  that  hydrosulphuret  of  calcium  has  the  same  effect ;  hence 
the  lime  of  the  purifiers  of  the  gas-works  has  been  of  late  years  frequently  employed 
for  treating  hides  as  well  as  skins,  with  tlie  additional  advantage  of  yielding  a  better 
leatlier. 

Birippins  off  th«  Hur.  As  soou  as  the  liides  are  sufficiently  prepared  to  admit  of  tlie 
removal  of  the  hair  and  epidermis,  they  are  stretched  out  on  tlie  tree  and  tlie  integu- 
ments peeled  off  by  the  aid  of  the  bluut  dressing-knife.  In  order  to  give  to  tlie 
dressing-knife  a  better  grip,  the  workman  strews  some  fine  sand  on  tlie  hide,  and  if 
he  has  to  deal  with  very  heavy  and  tliick  hides,  uses  a  large  and  rather  sharp  knife. 
When  the  hair  and  the  epidermis  have  been  removed,  tlie  hides  are  again  washed  and 
macerated  in  water,  and  after  this  dressed ;  that  is  to  say,  reduced  as  much  as 
possible  to  an  equal  thickness,  while  the  waste — tail,  leg,  and  head  pieces — are  cut 
off  and  the  liide  planed,  tliereby  losing  some  10  to  12  per  cent  in  weight. 

swAiiing  the  md««.  The  aim  of  this  operation  is  to  remove  the  lime,  and  also  to 
render  the  corium  more  capable  of  readily  absorbing  the  tan  materials.  Tliis  end  is 
attained  by  placing  the  hides  in  a  so-called  sour  bath,  made  of  refuse  malt  and 
bran,  which  by  acid  fermentation  yields  as  active  principles  propionic,  lactic,  and 
butyric  acids. 

The  lime  is  removed  from  the  dressed  hides  when  placed  in  this  acid  liquid,  and 
the  Ume-soap  present  becoming  decomposed,  the  fatty  acids  thus  set  free  float  on  the 
8ur£Eice  of  the  liquid.  The  soluble  lime  salts  are  completely  removed  from  the 
hides  by  a  subsequent  thorough  washing  with  water.  The  thickness  of  the  hides  is 
doubled  by  the  swelling  action  of  tlie  acid  liquid,  aided  by  tlie  mechanical  action  of 
the  carbonic  acid  evolved  from  the  carbonate  of  lime  deposited  within  the  fibres  of 
the  hides ;  while  the  butyric  acid  fermentation  distends  the  fibres  of  tlie  hides  by  the 
gases  thereby  evolved.  When  the  hides  have  not  been  treated  witli  lime  but  have 
been   submitted  to  a  "sweating,"   they  do  not  require   tlie  acid  bath,  but  are 
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simply  placed  in  water  for  the  pnrpose  of  swelling  them.     Yet  the  Bonr  hath  itf 
preferable  owing  to  its  more  regular  action. 

Instead  of  using  the  preceding  mixture  for  the  purposes  of  removing  the  lime  and 
of  swelling  the  hides,  they  are  often  placed  in  acid  tan  liquor  (red  tan  liquor),  that  is 
to  say,  a  liquor  containing  exhausted  oak  bark  solution  which  has  served  for 
tanning ;  this  liquor  appears  to  contain  also  large  quantities  of  lactic  and  bu^rric 
acids.  The  dressed  hides  are  first  placed  in  a  diluted  red  liquor  and  then  in  a 
stronger  liquor,  this  openttion  taking  some  12  to  14  days.  Macbride  and  Seguin 
have  proposed  to  substitute  very  dilute  sulphuric  acid  (i  in  1500),  but  although  by 
the  use  of  this  acid  the  operation  of  swelling  is  rendered  far  more  rapid,  the  quality 
of  the  leather  is  impaired.  Phosphates  and  animal  excreta  which  contain  a 
large  quantity  of  uric  acid,  such  as  that  of  dogs  and  of  pigeons,  have  been,  and  in 
many  cases  are  still,  used  for  the  purpose  of  swelling  hides,  especially  skina  of  sheep, 
calves,  and  goats. 

TiMTanniiiir.  B.  The  main  object  of  the  operations  just  described  is  first  to  obtain 
the  corium  as  much  as  possible  separated  from  the  other  integuments  and  textures 
belonging  to  the  skin,  and  next  to  render  the  corium  as  much  as  possible  permeable 
by  the  liquor  in  which  the  tannin-containing  vegetable  matter  is  dissolved.  In 
practice  it  is  taken  for  granted  that  a  dry  hide  gains  one-third  in  weight  by  being 
converted  into  leather,  consequently  it  absorbs  that  quantity  of  tannin. 

The  impregnation  of  the  fibres  of  the  hide  or  skin  with  tannin  is  effected  by  two 
different  methods,  viz. : — 

1.  By  placing  the  hides  between  layers  of  oak  bark  chips  in  a  tank,  so-called 
tanning  in  the  bark ;  or 

2.  By  immersing  the  hides,  first  in  a  dilute,  and  again  in  a  concentrated  aqueous 
infusion  of  oak  bark. 

Tanning  in  the  Bark.  I.  This  modc  of  tanning  is  at  the  present  time  confined  to  heavy 
hides  intended  for  sole  leather.  The  tanks  in  which  this  operation  is  carried  on  are 
made  of  wood,  either  oak  or  fir,  are  of  course  watertight,  and  are  usually  sunk  into 
the  soil.  Brick  cisterns  lined  with  cement  are  occasionally  used,  but  are  ol)jec- 
tionable,  at  least  when  recently  built,  on  account  of  the  deteriorating  action  of  the  * 
lime  and  cement  upon  the  oak  bark.  In  some  parts  of  Germany  tanks  constructed 
of  slabs  of  slate  or  sandstone  are  used.  Each  tank  has  sufficient  capacity  to  contain 
50  to  60  hides.  On  the  bottom  of  the  tank  is  first  placed  a  layer  of  exhausted  (spent) 
tan,  and  upon  tliis  a  layer  of  some  3  centimetres  in  thickness  of  firesh  bark,  then  a 
hide  with  the  hair  side  downwards,  again  a  layer  of  fresh  oak  bark,  and  again  a  hide* 
alternately  until  the  tank  is  nearly  filled,  care  being  taken  to  put  some  more  bark  on 
the  thickest  part  of  tlie  hides,  and  to  fill  not  only  all  interstices  with  bark,  but  to  put 
on  the  top  a  layer  of  some  30  centimetres  thickness  of  spent  tan.  Water  is 
next  poured  into  the  tank  until  it  stands  a  few  centimetres  above  the  topmost  hide; 
this  having  been  done,  a  lid — in  England  loose  planks — is  placed  on  the  tank, 
the  contents  of  which  are  left  undisturbed  for  some  tune.  When  Valonia  flour 
is  employed  with  the  oak  bark  only  half  the  quantity  of  the  latter  is  necessary. 

The  hides  are  left  in  **  the  first  bark"  for  8  to  10  weeks,  the  period  being  a  Utile 
shortened  if  Valonia  flour  is  also  used.  Before  all  the  tannin  has  been  absorbed,  and 
as  a  consequence  the  formation  of  volatile  and  odorous  acids  (valerianic,  butyric,  Aa) 
has  commenced,  the  hides  are  transferred  to  another  tank  and  again  placed  betwen 
alternate  layers  of  firesh  bark,  the  only  difference  in  the  arrangement  being  that  the 
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liides  which  were  first  placed  on  the  top  are  now  laid  at  the  bottom  of  the  tank. 
The  hides  are  now  left  for  three  to  fonr  months,  so  as  to  thoroughly  absorb  the 
tannin.  They  are  next  placed  for  some  four  to  five  months  in  another  tank  which 
contains  less  bark.  In  the  case  of  very  heavy  and  thick  hides  the  process  is 
^repeated  four  or  even  five  and  six  times.  The  quantity  of  bark  required  for 
obtaining  thoroughly  weU-tanned  leather  depends  partly  on  the  quality  of  the  bark, 
and  somewhat  on  the  condition  of  the  hides.  Usually  the  tanners  reckon  that  the 
quantity  of  bark  required  amounts  to  four  to  six* times  the  weight  of  the  dry  hides; 
and  taking  the  weight  of  these  at  an  average  of  20  kUos.^— 

For  the  first  tank  there  will  be  required  40  kilos,  of  bark. 
„      second  „        „        „  35  „ 

„      third  „        „        „  30  „ 

105  kilos,  of  bark. 

A  dried  and  well-tanned  hide  weighs  about  22  kilos.,  or  10  to  12  per  cent  more  than 
the  dry  raw  hide.  A  thoroughly  tanned  hide  exhibits  when  cut  with  a  sharp  knife  a 
uniform  texture  free  from  fleshy  or  homy  portions,  wliile  the  grain  on  the  hair  side 
should  not  on  being  bent  slowly  exhibit  signs  of  cracking. 

Tanning  in  Liquor.  2.  The  thinner  hides,  and  indeed  most  skins  (when  tanned,  as 
distinguished  from  tawing),  are  placed  in  infusions  of  the  tannin-containing  material. 
There  are  various  methods  in  use  for  this  operation,  which  is  based  mainly  upon  a 
thorough  uniform  swelling  of  the  hides,  so  that  when  these  are  placed  in  weak 
liquors  the  tannin  may  penetrate  readily  and  uniformly.  The  hides  are,  in  fact,  very 
gradually  tanned.  When  taken  from  a  liquor  the  fluid  is  forced  by  mechanical 
means  out  of  the  hides  before  they  are  placed  in  a  stronger  liquor,  this  liquor 
being  obtained  by  exhausting  the  tanning  materials  by  the  aid  of  cold  water.  The 
thinner  kinds  of  hides  are  thoroughly  tanned  in  seven  to  eight,  the  heavier  hides  in 
eleven  to  thirteen  weeks. 

Qniek  TMininff.  Many  mothods — some  quite  impracticable  and  most  of  them 
thoroughly  irrational — have  been  proposed  for  converting  hides  into  leather  in  a  veiy 
short  time.  Of  these  diflerent  methods  we  briefly  mention  the  following: — i.  The 
hide  is  simply  placed  in  an  infusion  of  the  tannin-containing  material — ^Macbride's 
process,  improved  by  Seguin  (1792).  Application  of  hydrostatic  pressure  to  force  the 
liquor  through  the  hides,  kept  from  contact  with  each  other  by  a  stout  woollen 
tissue.  2.  Circulation  of  the  tannin-containing  fluid,  several  tanks  being  connected 
together  by  means  of  pipes,  and  the  liquor  being  forced  through  the  tanks  by  means 
of  pumps  (Ogereau,  Sterlingue,  and  Tumbull's  methods.  3.  The  hides  are  sewn 
together  so  as  to  form  sacks,  which  are  filled  with  oak  bark  chips  and  water  and  then 
placed  in  an  aqueous  solution  of  cutch,  to  which,  in  order  to  increase  its  spedfio 
gravity,  coarse  molasses  is  added — ^TumbuU's  method  by  increased  endosmose. 
At  the  time  this  mode  of  proceeding  was  brought  forward,  the  difiusion  of  liquids 
by  dialysis  (discovered  by  Graham  in  1861)  was  unknown.  4.  Motion  of  the 
hides  in  the  tannin-containing  liquids,  the  hides  being  placed  in  a  cylinder 
constructed  of  wooden  laths  so  as  to  leave  open  spaces  between  them.  This 
cylinder  is  immersed  horizontally  in  the  liquid  to  a  greater  or  less  depth,  so  that  in 
every  revolution  the  hides  are  alternately  in  and  out  of  the  liquid — ^Brown,  Squire, 
and  C.  Knoderer's  methods.    5.  Application  of  mechanical  pressure  to  the  hides. 
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i^hich  having  been  from  time  to  time  removed  from  the  tanning  tanks,  are.  placed 
upon  perforated  planks,  and  eitlier  pressed  under  a  heavy  roller  or  are  placed  in  a 
press — Jones,  Nossiter,  Cox,  and  Hei-apath's  method.  6.  Application  of  liydrostatie 
pressure  for  the  purpose  of  causing  the  tan-liquor  to  penetrate  the  hides,  which  are 
sewn  together  so  as  to  form  bogs,  which  having  been  filled  with  oak  bark  liquor,  are* 
placed  in  suitably  constructed  vessels,  so  that  hydraulic  pressure  may  be  applied 
witliout  fear  of  bursting  tlie  bags ;  or  tlie  hides  are  fastened  by  means  of  screws  and 
bolts,  placed  in  a  framework  wliich  is  immersed  in  a  well-constructed  cistern  filled 
with  tan-liquor,  hydraulic  pressure  being  applied— Drake,  Chaplin,  and  Santelets 
methods.  7.  Snyder's  method  of  pimctation,  consisting  in  perforating  the  hide  over 
its  whole  surface,  tlie  punctation  being  effected  by  sliarp  needles,  so  as  to  constitate 
artificial  pores.  The  experiments  of  Knapp  have  proved  the  thorough  irrationality 
of  this  plan,  it  having  been  found  that  tlie  hide  is  so  permeable  to  tannin-liquor  that 
a  piece  of  calf-skin  when  placed  in  a  solution  of  tannin  of  the  consistency  of  eymp 
is  thoroughly  well  tanned  in  about  an  hour's  time.  8.  Application  of  a  vacuum 
by  placing  the  hides  in  a  vessel  from  which  the  air  may  be  witlidrawn  by  the  aid  of 
air-pumps ;  tan-liquor  having  been  forced  into  the  vessel,  the  air  is  re-admitted  and 
again  witlidrawn — Knowly  and  Kncwsbury's  plan.  Knoderer  has  recently  found 
that  by  a  judicious  combination  of  the  vacuum  method,  followed  by  motion  and 
fulling  of  the  hides  in  the  tan-liquor,  the  operation  of  tanning  is  much  shortened. 
The  reader  should  bear  in  mind  that  the  methods  here  alluded  to  are  not  now 
in  general  use. 

^^"'iiiSS?*"'  'NMien  the  hides  have  been  converted  into  leather  by  the 
processes  described,  they  are  not  by  any  means  fit  for  use  nor  ready  for  sale  as 
a  finished  material,  but  require  to  be  dressed,  or,  as  it  is  technically  termed,  curried, 
an  operation  not  necessarily  performed  by  the  tanner — at  least,  never  so  in  England 
and  France.  The  several  operations  are  not  similar  for  all  kinds  of  leather, 
but  depend  to  some  extent  upon  the  use  to  which  it  is  intended  to  be  put.  Feat 
instance,  sole  leather  is  submitted  simply  to  a  process  the  object  of  which  is 
to  render  it  sufficiently  stiff  and  compact,  so  as  not  to  alter  its  shape  by  wear. 

Boi«  LcntiMr.  The  dressiug  or  currying  of  this  kind  of  leather  consists  mainly  in  sub* 
milting  it  to  a  mechanical  operation  of  hammering,  by  which  the  wi^t^nft^  is 
rendered  more  compact.  As  soon,  therefore,  as  the  liides  are  taken  from  the  ♦^T»"i«g 
tanks,  the  adhering  spent  tan  is  brushed  off  with  a  broom,  after  which  the  hide 
is  dried  in  a  cool  place,  and  when  dry  laid  fiat  upon  a  polished  stone  slab,  and  then 
beaten  with  wooden  or  iron  hammers,  an  operation  in  large  establishments  per- 
formed by  hammers  moved  by  machinery. 

upp«rLMtta«r.  The  dressing  of  this  kind  of  leather,  chiefiy  used  by  aadlers  an4 
boot  and  shoe  makers,  is  a  far  more  complicated  process,  and  depends  in  a  great 
measure  on  the  use  for  which  the  leather  is  intended.   The  first  of  these  operations  is 

TiM  Pmring.  the  paring  or  wliitening,  which  means  the  cutting  away,  by  the  aid  of  a 
tanner's  shaving-knife,  of  all  portions  of  the  hide  wliich  are  too  thick,  so  that 
the  whole  hide  may  be  made  of  uniform  thickness.  This  operation  is  carried 
on  upon  the  tanner's  "wooden  leg,"  the  hide  being  placed  with  the  hair-side 
downwards.  When  goat,  lamb,  sheep,  or  calf-skins  are  to  be  pared,  they  are 
placed  on  a  polished  slab  of  marble,  and  having  been  weU  stretched,  the  raw  01 
projecting  parts  are  cut  off  with  the  tanner's  shaving-knife. 
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'TiMBemptnffortaiootiiiiiff.  The  aim  of  this  operation  is  similar  to  that  of  the  former,' 
and  more  particularly  is  employed  in  the  case  of  leather  intended  for  making  gloves. 
The  leatlier  is  first  dried  and  next  fixed  on  the  "  perching-stick,"  one  end  of  the  skin 
remaining  free,  tlie  other  heing  taken  hold  of  by  tlie  operator  with  a  pair  of  forceps. 
The  skin  having  been  stretched,  tlie  perching-knife,  a  highly  polished  somewhat 
convex  steel  disc  of  1 8  to  30  centims.  diameter,  and  provided  in  tlie  centre  with  an 
opening  fitted  with  a  piece  of  leatlier  serving  as  a  liandle,  is  brought  into  use, 
tlie  portions  of  tlie  skin  which  require  to  be  pared  off  being  usuaUy  indicated  by 
being  rubbed  over  with  chalk. 

onininx  the  LMtber.  As  in  couscquence  of  the  dr3ring  of  tlie  leather  the  grain  has 
become  flat,  smooth,  and  unequal,  it  is  raised  by  an  operation  performed  by«means  of 
the  pommel,  also  termed  the  graining-  or  crimping-board,  a  piece  of  hard  wood 
30  centims.  in  lengtli  by  10  to  12  centims.  breadth,  flat  and  smooth  on  the  top,  but  on 
the  opposite  side,  in  tlie  direction  of  the  length,  somewhat  curved,  so  that  it  is 
thickest  in  the  middle,  this  part  being  provided  with  parallel  notches,  which  are 
occasionally  sliarpened  by  means  of  a  tile ;  a  leather  strap  is  fastened  to  the  top  as  a 
handle.  The  leather  to  be  grained,  having  been  placed  on  the  dressing-table,  is 
listened  to  the  edge  of  the  wooden  board  by  means  of  iron  clamps,  and  those  portions 
of  the  leather,  the  grain  of  which  has  to  be  raised,  having  been  somewhat  bent,  are 
mbbed  with  the  pommel  so  as  to  render  the  grain  uniformly  visible, 

Pottohimr  with  Pnmtoe-stoM.  Such  Iduds  of  leather  as  require  no  grain  (for  instance,  the 
leather  used  in  carding  machines)  after  having  been  pared,  are  moistened  and  then 
mbbed  over  on  both  sides  with  pumice-stone,  being  thus  rendered  smooth ;  while 
leather  wliich  requires  a  liigher  gloss,  such  as  the  coloured  leatliers,  are  treated  with 

"^iS?iSli2Juon&rt?^  *  pommel  made  of  cork,  by  which  tlie  leather  is  caused  to 
assume  a  velvety  appearance.    Again,  if  a  still  higher  gloss  is  required,  the  leather 

""''***ft3ILJSS*iS^*''^'  is  first  smoot]ied,  or  ratlier  ironed,  with  iron  or  copper 
'*  sleekers,"  and  next  polished  with  glass  sleekers,  a  stout  cylindrical  piece  of  glass, 
0*3  metre  in  length  by  10  centims.  diameter,  the  leatlier  being  placed  on  a  tanner's 
'  Booiiiff.  wooden-leg.  Leather  intended  for  saddles,  in  order  to  impart  to  it  the 
appearance  natural  to  hog's  leather,  is  passed  through  rollers,  the  surfaces  of  wliich 
are  provided  with  blunt  points,  which,  being  forced  into  the  leather,  give  to  it  the 
desired  appearance. 

fiBiihiac  ofl.  In  order  to  remove  from  the  leather  any  creases  and  other  inequalities 
of  surface,  it  is  damped,  and  then  smoothed  with  a  flattening-iron,  or,  if  tlie  skins  are 
tliin,  witli  a  piece  of  horn  provided  vriih  blunt  teeth. 

Offtadiic.  When  tlie  upper  leather  is  required  to  be  very  supple  and  soft,  it  is 
greased  ;  that  is  to  say,  it  is  rubbed  with  a  mixture  of  fisli-oil  and  tallow,  or  better, 
with  the  peculiarly  modified  fish-oil  which  has  been  used  in  "  chamoising,^  having 
been  recovered  by  the  aid  of  a  solution  of  potash  from  the  chamois  leather  skins. 
The  hides  to  be  greased  are  first  moistened,  and  having  been  rubbed  with  the  greasy 
matter,  are  dried  in  heated  rooms,  so  that  the  fatty  materials,  by  actually  combining 
with  the  hides,  become,  as  it  were,  tanned  and  tawed  at  tlie  same  time.  The  greasing 
is  therefore  not  simply  an  operation  of  dressing,  but  in  reality  a  seeoiid  tanning 
(technically  tawing)  process. 

The  black  colour  usually  seen  on  the  surface  of  leatlier  required  for  saddlery  and 
boot-making  is  imparted  to  the  hides  by  rubbing  them  with  a  fresh  solution  of 
oak  bark  and  then  sponging  them  over  with  a  solution  of  copperas  to  which  «sisl% 
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blue  vitriol  has  been  added ;  Uie  hides  are  then  again  dressed,  and  lastly  mbbed 
with  a  paste  made  of  fish-oil,  tallow,  lamp-black,  yellow  wax,  soap,  and  copperas,  the 
object  of  this  operation  being  to  protect  the  leather  from  the  iigurions  e£Eects  of  the 
shoe-blacking,  which  usually  contains  sulphuric  acid.  (For  a  shoe-blacking  without 
acid  see  "  Chemical  News,"  vol.  xxiv.,  p.  izo).  Finally,  the  leather  is  painted  or 
brushed  over  with  a  mixed  tallow  and  glue  solution,  and  then,  having  been  polished 
again  with  glass,  is  ready  for  sale.  In  order  to  keep  leather  supple  and  soft,  it  is  best 
to  rub  it  with  a  mixture  of  fish-oil  and  lard. 

Tnfta.  romu  LMtbtr.  Under  tlie  name  of  yufts  is  understood  a  pecnliar  kind  of 
leather,  usually  of  a  red  or  black  colour,  which  is  very  water-tight  and  strong.  This 
kind  of  leatlier  used  to  be  made  exclusively  in  Russia,  whence  it  is  obtained  in  large 
quantity,  the  name  being  derived  from  the  Russian  Jn^i,  signifying  a  pair,  and 
apparently  due  to  the  fact  that  in  tanning  the  hides  are  sewed  together  in  pairs. 
The  hides  usually  prepared  for  Russia  leather  are  those  of  young  cattle;  aometunes, 
however,  the  hides  of  horses  and  the  skins  of  sheep,  goats,  and  calves  are  employed. 
The  operations  for  preparing  yufti  are : — i.  The  cleansing  of  the  hides,  performed  in 
the  usual  manner  with  lime.  2.  The  swelling  of  the  hides  in  an  acid-bath  prepared 
with  malt,  exhausted  tan-liquor,  or  with  kasclika  (excreta  of  dogs  rubbed  up  with 
water).  3.  The  tanning,  not  performed  with  oak  bark,  but  with  the  barks  of  various 
kinds  of  willows,  fir  and  birch  bark  also  being  used.  The  dressed  hides  are  first 
placed  for  some  days  in  partly  exhausted  bark,  and  are  then  put  into  the  ti^tiwing 
tanks  along  with  bark  (as  above  described),  or  are  sometimes  placed  in  a  wann 
infusion  of  the  tannin-containing  materials.  The  tanning  continues  for  five  to  tax 
weeks.  4.  The  tanned  hides  are  placed  on  the  planing-block  for  the  purpose  of 
draining,  and  are  next  impregnated  witli  diggut  or  elaehert^  oil  of  birch,  obtained  by 
a  process  of  dry  distillation  from  birch  wood.  This  oil  contains  creosote,  phenol  {oi 
a  peculiar  kind  according  to  Louginine),  and  paraffin.  It  is  rubbed  into  the  hides  on 
the  flesh  side,  and  when  thoroughly  impregnated  they  are  stretched  ontil  they 
become  soft  and  supple.  The  hides  are  next  rubbed  on  the  hair  side  with  a  sohition 
of  alum,  and  then  grained  and  dried.  The  dry  hides  are  dyed  in  pairs,  sewn  together 
80  as  to  form  a  sack,  into  which  a  decoction  of  dye  material  is  poured.  When 
a  red  colour  is  desu'ed,  the  dye  is  prepared  from  sandal  wood,  there  being  added 
to  tlie  former  lime-water,  to  the  latter  some  potash  or  soda.  In  more  recent 
methods  the  hides  are  dyed  by  being  brushed  over  five  or  six  times  with  the  dye 
material.  The  dry  Icatlier  is  fmally  dressed  by  the  mechanical  operations  previously 
described.  The  use  of  yufts  for  book-binding  and  other  purposes  is  weU  known* 
Owing  to  the  empyreumatic  oil  with  which  this  kind  of  leather  is  impregnated 
insects  do  not  attack  it. 

Moroeeo  LMthn.  By  morocco  leather  is  understood  a  kind  of  leather  which,  when 
genuine,  is  obtained  from  goat  or  kid  skins,  is  very  soft,  elastic,  highly  coloured,  and 
not  lacquered.  We  distinguish  between  genuine  morocco  and  the  imitation 
obtained  by  tlie  splitting  of  calf,  sheep,  and  other  skins,  as  chiefly  employed  in  book- 
binding. 

The  preparing  of  morocco  leather  is  undoubtedly  one  of  the  many  indnstrial 
discoveries  of  the  Saracens ;  even  at  the  present  day  a  great  deal  of  morocco  leather 
is  made  by  their  descendants  in  Northern  Africa  and  in  the  Levant.  The  prepara- 
tion of  good  morocco  leaUier  requires  very  great  care,  and  especially  as  regards  the 
preliminary  operations.    The  skius  are  deprived  of  the  hair  by  the  aid  of  lime  and 


TANNING.  521 

sireating.  The  tanning  material  in  general  use  is  sumac,  the  skins  being  sewn*  up 
90  as  to  form  sacks  into  which  water  is  poured  together  with  pulverised  sumac ;  by 
this  mode  of  employing  the  tanning  matter  the  operation  is  finished  in  three  days* 
Calf  and  sheep  skin  are  very  generally  tanned  in  England  by  the  same  method. 
The  dyeing  of  morocco  leather  is  not  performed  in  the  Oriental  countries  ;  the  dry 
tanned  skins  are  exported  under  the  name  of  Meschin  leather  (cuir  en  croute$)  to  be 
dyed  and  dressed  in  Europe.  ' 

Dicninc  Morocco  Leather.  The  sklus  are  dyed  and  next  dressed.  The  dyeing  is  per- 
formed—  (u)  by  means  of  the  dye- vat  (for  genuine  morocco),  or  03)  with  the 
brush  (for  imitation  morocco),  a.  The  operation  of  dyeing  with  the  vat  is  performed 
in  a  small  trough  large  enough  to  hold  one  skin,  and  filled  with  dye-liquor  at  6o^ 
from  a  larger  tank.  The  workman  pours  in  no  more  of  tlie  dye  material  than  can  be 
conveniently  absorbed  by  the  skin,  which  is  continually  moved  to  and  fro.  The 
dyed  skins  are  laid  out  fiat,  and  from  two  to  four  dozen  placed  one  upon  the  other. 
The  dyeing  operation  is  repeated  several  (three  to  five)  times,  care  being  taken  to 
turn  the  heap  over  so  that  the  undermost  skin  is  placed  on  the  top  of  the  heap 
previous  to  beginning  the  dyeing  operation  again.  Tlie  dyed  skins  are  washed  in 
water  and  next  dressed,  p.  The  imitation  morocco  is  dyed  by  the  dye-liquor  being 
uniformly  brushed  over  the  skins ;  these  having  been  first  stretched  on  a  table,  the 
dye-liquor  is  brushed  over  more  than  once  so  as  to  produce  a  uniform  hue.  The 
efiect  of  the  dyeing  is  greatly  enhanced  by  tlie  dressing  of  the  skins  and  the  fine 
grain  given  to  them.  The  dyed  skins  are  first  rubbed  on  the  hair-side  with  linseed 
oil  applied  by  means  of  a  piece  of  flannel.  The  calendering  or  glazing  by  machinery 
is  the  next  operation,  after  wliich  the  peculiar  appearance  of  the  surface  is  imparted 
by  means  of  strong  pressure  or  so-caUed  platting.  Yellow  skins  are  not  glazed, 
because  their  colour  would  tliereby  become  a  brown.  The  aniline  colours  are  now 
largely  employed  in  dyeing  skins. 

oovdwain,  cordoTEn  LMther.  This  difiers  from  morocco  only  by  being  prepared  from 
heavy  skins,  and  by  retaining  its  natural  grain  or  not  being  platted.  It  is  usually 
met  with  dyed  red,  yellow,  or  black. 

LMqncnd  LMtber.  This  kind  of  leatlicr,  now  largely  used  by  coach-builders  and  for 
making  slioes,  boots,  helmets  and  other  military  accoutrements,  is  an  invention  of 
the  present  time,  its  great  merit  being  its  property  of  resisting  water,  and  in  being 
supple  and  soft,  whUe  the  lacquer,  if  well  laid  on,  should  not  crack  nor  peel  off. 
Only  black  lacquered  leather  is  generally  met  with.  On  the  tanned,  rarely  tawed, 
hide,  which  has  not  been  greased,  is  very  uniformly  laid  a  varnish,  wliich  is  thick 
and  tough  while  cold  but  thinly  fluid  when  warm ;  this  having  been  done,  the  hide 
is  placed  in  a  brick-built  stove  kept  at  50°,  where  the  varnish  dries  after  having 
become  so  fluid  as  to  run  uniformly  over  the  surface  of  the  leather,  which  is  placed 
quite  horizontally.  The  coloured  lacquers  are  generally  more  thinly  fluid  and  are 
dried  at  a  lower  temperature.  The  hides  chiefly  used  for  lacquering  are  cow-hides ; 
or  a  thin  hide  is  obtained  by  splitting  thick  hides  and  lacquering  them. 

The  leather  in  use  by  pianoforte-makers  for  covering  the  hammers  is  prepared  by 
a  process  usually  kept  a  trade  secret.  This  kind  of  leather  requires  to  be  soft  and 
very  elastic.  All  that  is  known  about  the  process  of  preparing  this  material  is  that 
it  is  obtained  by  tanning  and  tawing  (chamoising)  combined  ;  the  hair  having  been 
removed,  but  not  the  epidermis,  the  hide  is  first  fulled  in  oil,  then  washed  in  ley, 
Ueached  in  the  sun,  and  next  tanned  in  a  tepid  oak  bark  infusion.    Danish  leather 
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is  prepared  by  tanning  sheep,  goat,  kid,  and  lamb  skins  with  willow  bftik ;  Mieh 
leatlier  being  chiefly  used  for  gloves.  It  is  distinguished  by  its  strength,  suppleness, 
and  bright  colour. 

II.  Tawing. 

**^1Sti JESSSf °  **'      '^^^  mode  of  preparing  leatlier  is  based  upon  the  peculiar 
action  of  the  salts  of  alumina  upon  skins,  not  liides  generally. 

Four  modifications  of  taking  are  known,  viz. : — i.  Common  tawing.  This 
operation  extends  only  to  tliiu  skins,  such  as  slieep  and  goat  skin,  Ac.,  which  are 
treated  only  with  alum  and  common  salt  without  the  application  of  oil  2.  Hunga- 
rian tawing  process.  Heavier  hides  not  treated  with  lime  are  tawed  and  next 
chamoised.  Klemm's  method  of  preparing  fatty  leather  is  somewhat  similar  to  this 
treatment.  3.  The  French  or  Erlanger  tawing  method,  by  which  the  skins  are 
prepared  for  glove-leather.  4.  Tawing  by  the  aid  of  insoluble  soaps,  according  to 
Knapp's  suggestion. 

oonmoB Taiving.  I.  The  tawer  obtains  slieep  skin,  or  occasionally  goatskin,  either 
with  tlie  wool  off  or  **  in  the  wool,"  as  the  term  runs,  in  the  latter  case  greater  ears 
being  required,  because  the  value  of  tlie  wool,  which,  by  careful  working  may  be 
obtained  in  good  condition,  refunds  a  considerable  portion  of  the  expense  of  the 
operation  by  its  sale.  The  various  operations  of  tawing  are  in  a  certain  measure 
similar  to  tliose  of  tanning. 

The  steeping  and  planing  is  carried  on  as  in  the  tanning  process.  The  workman 
places  ten  skins  on  the  planing-tree,  and  dresses  eacli  skin  wiUi  the  dressing-knife  on 
the  hair  as  well  as  on  tlie  flcsli  side ;  next  the  wool  or  hair  is  shaved  off  after  the  skins 
have  been  first  treated  witli  tlie  lime ;  but  when  "  in  the  wool "  the  skins  are  cleansed 
with  tliin  lime-water,  wliich  is  laid  on  the  flesh  side  of  the  skin  by  a  brush  made  of 
cow's-hair,  so  that  the  wool  is  not  brought  into  contact  with  lime.  The  wool  is 
removed,  not  by  a  planiug-iron,  but  by  means  of  a  piece  of  wood  somewhat  shaipened. 
The  wool  having  been  removed,  tlie  skins  are  brushed  over  yiiih  a  mixture  of  equal 
parts  of  lime  and  sifted  ashes ;  next  the  head  and  leg  strips  of  the  skin  are  turned 
Inside,  Each  skin  is  then  folded  together  and  beaten,  in  order  to  prevent  the  wool 
being  touched  by  the  lime.  The  skins  are  left  in  this  condition  for  eight  to  ten  daya 
until  the  wool  is  loosened.  The  skins  are  next  thoroughly  washed  on  the  flesh  side  as 
well  as  on  the  wool  side  in  order  to  remove  the  lime  and  dirt ;  this  haying  been 
done  the  wool  is  partly  pulled  off  by  the  hands,  partly  removed  by  a  blunt  tooL 
The  skins  thus  deprived  of  wool  are  placed  in  the  lime-pit  and  further  treated  ai 
just  described.  In  order  to  remove  the  paste  adhering  to  the  skins  they  are,  on 
being  removed,  placed  in  a  tank,  wliere,  owing  to  tlie  quantity  of  ft^nimi^l  matter 
dissolved  in  the  water,  a  fermentation  has  arisen  accompanied  by  an  evolution 
of  ammonia.  l\y  the  action  of  tliis  alkali  a  largo  portion  of  the  fatty  matter  con- 
tained in  the  skins  is  removed.  After  being  taken  from  the  lime-pit  the  akiwg  m 
placed  on  the  dresser's  block,  and  some  parts,  such  as  the  ears,  skin  of  tail,  portion 
of  top  part  of  chest,  out  off  and  thrown  aside  for  the  glue-boiler.  The  skins  are  put 
over  night  to  soak  in  water,  and  then  again  placed  on  tlie  dressing-block  in  order  to 
be  planed  with  a  blunt  iron  on  both  sides  of  the  skin ;  this  operation  is  repeated 
after  the  skins  have  been  placed  in  a  tank  containing  water,  and  while  there 
thoroughly  beaten  with  a  heavy  wooden  *'possing-stick*'  in  order  to  remove  lime. 
In  the  subsequent  planing  Uie  lime  and  lime -soap  are  forced  out,  and  any  wool  thai 
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has  remained  shaved  off.  In  order  to  dissolve  the  last  traces  of  lime  the  skins  are 
placed  in  an  acid-tank  containing  bran  and  water,  in  which  by  fermentation  lactic 
and  acetic  acid  have  been  formed.  These  acids  convert  the  lime  of  the  skins  into 
soluble  salts,  while  the  process  causes  the  swelling  of  the  skins,  which  thus  become 
better  adapted  to  absorb  the  tanning  materials.  The  skins  remain  in  the  sour-tank 
for  two  to  tliree  days.  The  tanning  material  consists  for  i  dicker  (=  10  skins)  of 
en  alum  ley,  containing  075  kilo,  of  alum,  030  kilo,  of  common  salt  dissolved  in 
22*5  litres  of  boiling  water,  i  litre  of  tliis  liquid  is  poured  into  a  trough,  and 
having  become  tepid,  each  skin  is  separately  thoroughly  waslied  with  and  soaked  in 
it,  and  then  put  aside  witliout  being  wrung  out,  the  skins  being  placed  one  upon  the 
other  so  as  to  form  a  heap.  After  lying  thus  for  two  or  three  days,  the  skins  are 
wrong  out  and  hung  up  to  dry  slowly  by  exposure  to  air. 

As  regards  the  theory  of  the  action  of  the  alum  ley  in  the  tawing  operation,  it  was 
formerly  believed  that  only  the  chloride  of  aluminium — formed  by  double  decompo- 
sition between  the  constituents  of  the  common  salt  and  the  sulphate  of  alumina  of 
the  alum  (tlie  alkaline  sulphates  being  considered  useless) — ^was  active,  and  that  a 
basic  chloride  of  aluminium  (aluminium  oxycliloride)  combined  with  the  skin, 
there  being  left  in  solution  hydrochloi*ate  of  alumina.  It  was  also  known  that 
acetate  of  alumina,  if  used  instead  of  alum  ley,  was  quite  as  active  and  yielded  excel- 
lent results.  The  experiments  made  by  Dr.  Knapp,  sen.,  witli  alum,  acetate  of 
alumina,  and  chloride  of  aluminium,  have  proved  that  no  decomposition  ensues 
when  the  aluminium  salt  is  taken  up  by  the  skin,  tlie  quantity  taken  up  being  for  the 
undermentioned  salts  as  follows : — 

Of  alum 8*5  per  cent 

Of  sidphate  of  alumina      279 

Of  chloride  of  aluminium 27*3 

Of  acetate  of  alumina 23*3    „ 

The  alumina  salts  do  not,  however,  combine  with  skin  under  all  conditions  in  the 
same  quantity  as  just  mentioned,  as  experience  proves  that  the  skins  absorb  more 
when  placed  in  concentrated  than  when  in  dilute  solutions.  As  regards  the  part 
played  by  the  common  salt  in  the  preparation  of  the  alum  ley,  the  salt  is  not  there 
simply  to  bring  about  the  conversion  of  the  alumina  sulphate  into  chloride  of 
aluminium  (recent  experiments  made  by  Knapp  in  1866  have  proved  that  by 
employing  i  atom  of  potash  alum  and  3  atoms  of  common  salt  =  37  per  cent,  no 
mutual  decomposition  ensues),  but  the  salt  is  in  this  process  active  by  itself,  partly 
aiding  dialytically  the  action  of  the  alum,  partly  owing  to  its  property — ^possessed 
also  by  alcohol — of  withdrawing  from  animal  tissues  the  water  they  contain  suffi- 
ciently to  prevent  the  fibres  to  become  glued  together  by  the  drying  of  the  substance, 
thus  promoting  the  formation  of  leather.  Tlie  dry  and  tawed  skins  will  be  found  to 
have  become  shrunken  and  stiff,  having  lost  much  of  their  suppleness  and  flexibility. 
In  order  to  remedy  these  defects  the  skins  previously  damped  with  water  are  sub* 
mitted  to  a  mechanical  operation,  being  placed  on  the  convex  side  of  a  carved  iron, 
and  stretched  by  being  drawn  between  this  fixed  iron  and  a  movable  steel  plate, 
which  is  fitted  closely  npon  the  other.  After  having  been  thus  softened,  the  skins 
are  stretdied  on  a  frame  for  some  time  to  become  dry.  When  dry  they  are  ready  for 
sale,  the  leather  thus  obtained  being  largely  used  under  the  name  of  white-skins  for 
the  lining  of  boots  and  shoes. 
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HaocariaiiTftwiiig  Proem.  2.  This  process  is  distingoished  fnnn  that  jmt  dewtibedi 
inasmuch  as  the  heavy  hides  of  oxen,  hufialoes,  cows,  horses,  Ac.,  are  made  into 
leather  for  saddlery  and  other  purposes,  while  sometimes  also  the  skins  of  wild  boars 
and  of  other  animals  are  thus  tawed  for  making  flail  strings.  The  raw  hides  are  first 
soaked  in  water  to  remove  blood  and  impurities.  Next  the  hair  is  shaved  off  by 
means  of  a  sharp  knife.  This  operation  performed,  the  hides  are  put  into  an  alum 
ley,  which  for  a  hide  weighing  25  kilos.,  consists  of  3  kilos,  of  alum,  3  of  common  salft^ 
and  20  litres  of  hot  water.  Tliis  liquor  when  tepid  is  poured  into  an  elliptioal  tub 
in  which  the  liide  is  placed. 

One  of  tlie  workmen  then  jumps  into  the  tub  and  by  moving  the  hide  aboat  with 
his  feet  soaks  it  thoroughly  with  the  liquor,  in  which  it  is  then  left  for  at  least  ei|^ 
days,  the  operation  of  treading  with  the  feet  being  repeated.  The  hide  is  now  taken 
from  the  tub  and  hung  up  to  dry,  and  when  dry  is  stretched  and  *'  fatted*'  in  \^ 
the  following  method : — The  hide  is  wanned  by  being  held  over  a  ehaxcoal  fire,  and 
when  warm  is  rubbed  on  the  hair  as  well  as  on  the  flesh  side  with  molten  tallow,  of 
which  some  3  kilos,  are  used  for  every  hide.  When  thirty  hides  have  been  thni 
treated,  tliey  are  one  by  one  again  held  and  moved  to  and  fro  over  the  fire,  and  next 
hung  up  in  the  open  air  to  dry.    The  tallow  partly  combines  with  the  hide. 

The  hides  thus  prepared  are  converted  into  a  leather  of  exceUent  quality,  espedally 
suited  for  the  harness  of  horses  and  saddlery  work  of  a  more  common  kind,  in 
which,  as  in  that  used  for  artillery  horses,  great  strength  is  required.  This  leather 
is  cheap  on  account  of  its  being  prepared  in  a  short  time. 

oioT*  Leather.  3.  The  so-called  Erlanger,  or  French  tawing  process,  is  employed 
only  for  the  production  of  the  glac6,  or  kid  leather,  used  for  making  gloves  and  ball- 
room shoes.  The  hair  side  of  the  skins  intended  to  be  converted  into  this  leather 
is' left  unchanged,  while  as  regards  wash-leather  gloves  which  are  treated  (tanned) 
with  fish  oil  the  hair  side  is  cut  off.  The  skins  intended  to  be  converted  into  kid 
leather  are  treated  \vith  extraordinary  care,  and  thus  acquire  in  a  yexy  hi^ 
degree  all  the  good  quality  of  alum-tanned  (or  rather  tawed)  leather.  As  these 
skins  are  often  intended  to  remain  white  or  are  dyed  with  delicate  colours,  the 
greatest  care  is  taken  to  prevent  any  injury,  as,  for  instance,  contact  with  oak  wood 
or  with  iron  while  wet. 

Two  kinds  of  skins  are  employed  for  conversion  into  the  better  varietiea  of 
kid  leather ;  one  of  these,  the  more  expensive,  being  the  skins  of  young  ^oats, 
fed  solely  with  mOk,  the  other  being  lamb  skin.  Each  of  these  skins  jrields  on 
an  average  2  pairs  of  gloves.  The  leather  of  which  ladies'  ball-room  shoes  are 
made  is  obtained  from  the  hides  of  young  calves  (so-called  calf-kid).  The  preli- 
minary operations  of  preparing  this  leather  are  exactly  similar  to  those  akeady 
described  for  the  ordinary  white  leather;  but  the  tawing  operations  are  quite 
different,  the  skins  being  put  into  a  peculiar  mixture,  by  which  they  are  not  only 
tawed,  but  simultaneously  impregnated  with  a  sufficient  quantity  of  oil  to  render 
them  soft  and  give  suppleness.  The  mixture  consists  of  a  paste  composed  of  wheaten 
flour,  yolks  of  eggs,  alum,  common  salt,  and  water.  The  flour  by  the  gluten  it  eon- 
tains  aids  the  absorption  of  the  alumina  compound,  and  thus  assists  the  real  tawing. 
The  starch  does  not  enter  into  the  composition  of  the  skins,  while  the  yolk  ^ 
eggs  acts  by  the  oil  it  naturally  contains  in  the  state  of  emulsion,  this  oil  giving  to 
the  kid  leather  that  suppleness  and  softness  which  is  so  much  esteemed  in  gloves.  It 
appears  that  en^ujsious  made  with  almond  oil  (the  so-cdled  sweet  oil  of  shnondi    i 
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fixed  oil),  olire  oil,  fish  oil,  and  even  paraffin,  may  be  advantageously  substitnted  for 
yolk  of  eggs.  The  skins  are  thoroughly  soaked  and  kneaded  in  this  mixture,  to 
which,  in  France,  there  is  sometimes  added  2  to  3  per  cent  of  carbolic  acid  for  the 
purpose  of  preventing  the  too  strong  heating  of  the  skins  when  impregnated  with 
the  mixture  and  packed  in  heaps.  The  skins  are  next  stretched  by  hand  and  dried 
as  rapidly  as  possibly  by  exposure  to  air.  Having  been  damped,  a  dozen  of  the  skins 
are  placed  between  linen  cloths  and  trodden  upon  to  render  them  soft.  After  this 
they  are,  one  by  one,  planed,  dried,  and  again  planed.  Either  by  rubbing  with  a 
heavy  polished  glass  disc  or  by  the  appreteur^  simultaneously  with  the  application  of 
some  white  of  egg,  or  a  solution  of  gum,  or  of  fine  soap,  a  gloss  is  given  to  the  skins, 
the  hair  side  of  which  is  the  right  side  or  dyed  side.  The  dyes  are  applied  either  by 
immersion  or  by  brushing  over  the  leather ;  the  latter,  or  English  method  of  dyeing 
akins,  is  more  ordinarily  practised. 

According  to  Knapp's  researches  very  good  white  kid  leather  is  obtained  by  tawing 
the  epidermis  (bloss)  from  lamb  or  goat  skins  in  a  saturated  solution  of  stearic  acid 
in  alcohol.  The  leather  thus  obtained  is  very  soft,  has  a  whiter  colour  than  ordinary 
glac6  leather,  and  a  beautiful  gloss. 

Knavp* lmUmt.  4.  The  preparation  of  leather  with  the  aid  of  insoluble  soaps, 
introduced  by  Knapp,  would  appear  to  have  become  of  some  importance.  The  pro- 
perty possessed  by  oxide  of  iron  of  acting  as  a  tanning  material  has  been  known  for 
a  long  time,  and  in  1855  Mr.  Belford  took  out  a  patent  in  this  country  for  a  mineral 
tan  method,  in  which  oxide  of  iron  was  used;  but  good  leather  did  not  result. 
The  hides  do  not  become  reaUy  tanned  by  being  immersed  in  solutions  of  such 
metallic  salts,  as  those  of  the  protoxide  and  peroxide  of  iron,  oxides  of  zinc 
and  chromium :  for  though  the  acidity  of  these  solutions  is  reduced  to  a  minimnni 
without  producing  a  permanent  precipitate,  and  thereby  the  deleterious  action  of  the 
acid  upon  the  fibres  of  the  hides  decreased,  and  though  a  certain  combination  of  the 
oxide  and  fibres  takes  place,  no  real  leather  is  formed  because  the  substance 
when  finished  is  not  fitted  for  contact  with  water,  for  then  the  so-called  tanning 
is  washed  out.  Knapp's  process  also  is  not  really  a  tanning  but  a  tawing  operation, 
by  which  the  skins  are  alternately  immersed  in  a  solution  containing  3  to  5  per  cent 
of  soft  soap,  and  then  in  a  saline  solution  of  oxide  of  iron,  or  of  chromium^ 
containing  5  per  cent  of  the  salt,  from  which  an'  insoluble  metallic  soap  is  precipi- 
tated and  impregnated  with  the  fibres.  After  this  operation  has  been  several  times 
repeated  the  hides  or  skins  are  waslied  in  water  and  dried.  Although  the  exterior 
colour  of  good  sound  leather  may  be  imitated,  the  real  qualities  of  leather  are 
wanting.  Knapp's  process  is  not  in  use  or  is  so  entirely  modified  by  substituting 
alum  for  metallic  oxides  that  the  skins  are  tawed  by  a  combination  of  the  preceding 
tawing  processes  and  the  oil-tawing  process  now  to  be  described. 


m.  S'dmian  or  Oil'Taiicing  Procesi, 

sudtti  TawiBc  proeMi.  By  this  name  is  understood  a  peculiar  process  by  which  the 
skins  and  hides  of  various  animals,  such  as  harts,  deer,  sheep,  calves,  oxen  (for  the 
white  leather  for  military  use  as  belts,  Ac.),  are  converted  into  so-called  oil-  or  wash- 
leather.  The  tanning  material  is  oil,  fat,  tallow,  or  fish  oil,  to  which  recently  there 
has  been  added  4  to  7  per  cent  of  carbolic  acid.     The  leather  thus  obtained  ia 
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chiefly^^isod  for  making  military  breeches,  sooks,  Tests,  gloves,  braces,  belts,  soigieal 
applications,  and  not  in  small  quantity  for  wasliing  glass  and  poivelaiii,  owing 
to  its  softness.  On  tliis  account  wash-leather  is  also  largely  used  by  gold  and  silver* 
smiths  for  polishing  trinkets  with  rouge  (very  carefully  prepared  oxide  of  ixtm).  Tht 
npper  or  exterior  layer  of  the  corium,  which  owing  to  its  greater  compactness  does 
not  possess  the  ductility  and  suppleness  of  the  lower  or  interior  layer,  is  in  the 
skins  intended  to  be  converted  into  wash-leather  entirely  cut  away,  so  that  no  hair 
and  flesh  side  are  taken  into  consideration.  The  cutting  away  of  this  layer  greatly 
promotes  the  absorption  of  the  oil,  which  by  the  joint  action  of  air  and  heat  yields  a 
product  wliich  is  a  dry  compound  of  fibre  and  oil,  in  which  the  latter  physically  has 
disappeared,  inasmuch  as  the  leather  is  not  impervious  to  water.  Wash-leather 
differs  in  tliis  respect  from  oil  or  fat  leather ;  still,  on  immersion  in  water,  the  alnw  does 
not  glue  together  and  slirink.  Thin  skins,  such  as  those  of  goats  and  lambs,  an 
not  deprived  of  tlieir  hair  side,  because  it  would  render  them  too  thin  for  nse. 

The  skins  intended  to  be  made  into  wash-leather  are,  as  regards  the  first  stage  of 
the  operation.  treate<l  exactly  as  described  for  the  skins  treated  with  alum,  the  only 
difference  being  tliat  tlie  hair  is  removed  together  with  the  hair  side  portion  of  the 
skins,  which  are  next  placed  in  a  bran  bath  in  order  to  remove  the  lime.  After  this 
the  skins  are  stretched  and  conveyed  to  the  fulling  macliine  in  order  to  become 
saturated  witli  oil,  for  which  purpose  the  skins  are  first  laid  on  a  table  or  bench  and 
are  rubbed  with  oil,  tlie  hair  side  being  placed  uppermost.  This  having  been  done 
they  are  made  into  clouts  and  placed  under  the  stampers  of  a  machine  so  as  to 
thoroughly  impregnate  them  with  oil.  From  time  to  time  the  skins  are  taken  firom 
the  trough  and  exposed  to  tlie  air,  then  again  rubbed  ^ith  oil  and  put  under  the 
stampers  until  enough  oil  has  been  absorbed.  By  the  repeated  exposure  to  air 
the  skins  become  dry,  and  oil  ifisli  oil  is  chiefly  used)  absorbed ;  the  exposure  to  air 
is  continued  until  tlie  surface  of  the  skins  appears  quite  dry.  AVhen  tlie  skins  have 
an  odour  somewhat  similar  to  that  of  horse-radish,  and  have  lost  their  fleshy  odour» 
they  have  absorbed  a  sufiicient  quantity  of  oil,  whOe  a  portion  of  the  oil  has  been 
somewhat  changed  and  has  entered  into  combination  with  the  fibre,  another  portion 
only  mechanically  adliering  to  the  pores  of  the  skins.  The  next  operation  therefors 
aims  nt  rendering  tlie  process  of  the  combination  of  the  oil  with  the  skins  mors 
rapid  by  bringing  about  a  fermentation  attended  with  an  elevation  of  temperatnrs; 
this  is  uflected  by  placing  the  skins  in  a  warm  room,  heaping  them  together,  and 
covering  them  witli  canvas  to  keep  in  the  heat  which  is  generated,  care  being  taken 
to  air  tlie  heap  from  time  to  time  in  order  to  prevent  overheating  and  consequent 
deterioration  of  tlie  skins.  This  operation  of  airing  the  skins  is  repeated  nntU  by 
the  spontaneous  heating  they  have  acquired  a  yellow  colour  and  the  workmen 
know  by  experience  that  tlie  oxidation  of  the  oil  is  finished.  A  portion  of  the  dl 
(estimated  at  about  50  per  cent  of  tlie  quantity  originally  employed)  is  left  in  the  skins 
in  uncombined  state,  and  is  removed  by  washing  witli  a  tepid  solution  of  potash. 
From  tliis  liquor  there  separates  on  being  left  at  rest  a  portion  of  fat  termed  digrat, 
and  which,  as  already  mentioned,  is  employed  for  the  dressing  of  tanned  hides. 
The  skins  having  been  thus  deprived  of  the  excess  of  oil  are  wrung  out,  dried,  and  next 
dressed,  in  order  to  restore  to  tliem  tlieir  softness  and  suppleness  partly  lott  in  ths 
drying.  Cordovan  or  Turkey  leather,  is  oil-tawed  without  the  hair  side  having  been 
ffarst  removed,  while  the  flesh  side  is  blackened  in  the  usual  way.  This  land  of 
leather  is  chiefly  used  for  ladies'  boots  and  shoes.    According  to  Knapp,  skinB  torn 
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which  the  hair  has  been  first  removed  may  be  tawed  by  treating  them  alternately 
with  a  solution  of  soap  and  dilute  acids,  so  tliat  the  fatty  acids  are  precipitated  into 
the  fibre.  After  the  tawing  tlie  skins  thus  treated  should  be  tliorouglily  washed 
in  water  to  remove  all  acid.  As  regards  the  constitution  of  the  leather,  commonly 
known  as  wasli-leather,  tawed  with  oil,  notliing  is  definitely  known,  but  it  would 
appear  that  this  process  of  tawing  has  some  analogy  to  the  process  of  imparting  oil 
to  calico  intended  for  Turkey-red  dyeing. 

PuehnMnu  The  substanco  known  as  parchment  is  not  really  leather,  because  its 
fibres  are  neitlier  tanned  nor  tawed,  as  proved  by  the  fact  that  boiling  water  readily 
converts  parchment  into  a  superior  kind  of  glue  similar  to  isinglass,  of  course  too 
expensive  for  joiners'  use.  Parchment  is  essentially  the  well-cleansed  and  carefully 
dried  skins  of  hares,  rabbits,  and  especially  of  calves  and  sheep. 

Ordinary  parclmient  is  prepared  from  sheep -skins,  but  the  variety  known  as 
vellum,  Velin  or  Parchenient  vierge,  is  far  finer,  and  is  made  from  the  skins  of  young 
calves,  goats,  and  stillborn  lambs.  According  to  the  use  intended  to  be  made 
of  parchment,  so  is  its  preparation  modified.  The  skins  are  first  soaked  in  water 
and  then  placed  in  the  lime-pits.  Sheep  skins  are  cleansed  by  working  with  cream 
of  lime  in  order  to  preserve  the  wool.  When  the  hair  has  been  removed  the  skins 
are  washed,  being  placed  on  the  dresser's  block,  and  usually  also  planed  with 
a  sharp  knife  to  remove  the  superfluous  fleshy  parts.  This  having  been  done,  each 
skin  is  separately  stretched  in  a  frame,  in  a  manner  very  similar  to  that  in  use  for  so- 
called  Berlin-wool  work,  the  skins  being  held  in  position  by  means  of  strings,  and 
dried  by  exposure  in  the  open  air.  Parchment  intended  for  drum  skins  (from 
calves'  skins),  for  kettledrums  (from  asses'  skins),  does  not  require  any  further 
operation.  If  intended  for  bookbinding  the  parchment  is  treated  as  described, 
but  after  drying  it  is  planed  with  a  tool  the  cutting  edge  of  which  is  somewhat 
bent  in  order  to  impart  a  rough  surface,  whereby  the  parclmient  is  rendered  capable 
of  being  written  on  and  dyed.  If  the  parchment  be  intended — as  it  used  fre- 
quently to  be  formerly  before  the  invention  of  metallic  paper — for  memoranda, 
written  with  lead-pencils,  to  be  wiped  out  if  desired  with  a  wet  sponge,  it  is 
after  planing  painted  over  with  a  thin  white-lead  paint,  for  which  a  mixture  of  glne- 
water  with  baryta-  or  zinc- white  is  often  substituted.  The  vellum  of  this  country  is 
generally  obtained  from  sheep  skins,  which  are  split  into  two  sheets  by  means  of 
cutting-tools.  Parchment  after  having  been  dried  on  the  frames  is  dusted  over  with 
chalk  and  rubbed  witli  pumice-stone.  The  sieves  used  in  powder  mills  for  granula- 
ting the  powder  are  made  of  parchment  obtained  from  hogs'  skins. 

siiacraai.  Genuine  Oriental  shagreen  (saghir,  sagri,  sagre),  is  a  variety  of  tawed 
parchment,  one  side  of  which  is  covered  with  small  hard  grains.  This  materia] 
is  manu£Bu;tured  in  Persia,  at  Astrakan,  in  Turkey,  and  in  Eoumania,  from  certain 
portions  of  the  skins  and  hides  of  wild  asses,  horses,  and  other  animals.  The  hides 
are  soaked  in  water  until  the  epidermis  can  be  removed  easily  together  with  the 
hairs  by  the  aid  of  a  dressing-knife ;  next  the  hides  are  again  placed  in  water  so  as 
to  swell  the  material  sufficiently  to  admit  of  cleansing  it,  and  cutting  away  on  both 
flesh  and  hair  side  all  superfluous  material,  so  as  to  leave  only  the  corium,  which  then 
has  the  appearance  of  a  fresh  bladder.  In  order  to  produce  on  skins  thus  prepared 
a  grained  surface,  they  are  put  into  frtimes,  as  described  under  Parchment,  while 
on  the  hair  side,  aUabuta,  the  hard  black  seed  of  the  Ohenopodium  album  is 
stamped  in»  either  by  the  feet  or  forced  in  by  pressure.    When  the  skins  are  dry  they 
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are  removed  from  the  frame,  the  seed  shaken  off,  and  the  akins  thorongiily  plaaed 
with  a  sharp  dressing-knife,  then  pnt  again  into  water,  tawed,  and  finally  dyed.  The 
tawing  is  effected  by  the  aid  eitlier  of  alum  or  of  oak  bark.  The  dye  of  shagreen  is 
generally  green,  and  is  due  to  salts  of  copper.  '  After  dyeing  the  skins  are  soaked  in 
mntton  tallow. 

Fish  skin,  or  fish  chagrin,  is  obtained  from  yarious  kinds  of  sharks  {SqmilMi 
canicuhi,  S.  ctttulus,  S.  centrina)  and  other  fislies  of  the  same  class.  The  skin  of 
these  animals  is  not  covered  witli  scales,  but  with  more  or  less  projecting  hard 
points.  The  skins  having  been  removed  from  tlie  fish  are  stretched  in  frames  and 
simply  dried,  being  then  sent  to  the  market.  Formerly  sharks*  skin  was  in  some 
countries  used  by  joiners  instead  of  sand-  and  glass-paper  for  preparing  wood.  The 
skins  deprived  of  the  projections  are  dyed  and  used  for  covering  small  boxes,  tabes 
of  small  telescopes,  &c. 

Glue-Boilino. 

o«iMniobMrTationi.  The  Organisms  of  all  animals,  but  more  especially  of  the  hi^er 
classes,  contain  tissues  which  are  insoluble  in  cold  as  well  as  in  hot  wiater,  but 
which  by  continued  boiling  become  dissolved,  and  yield  on  evaporation  of  the  solu- 
tion a  glutinous  gelatinising  mass,  which,  by  further  drying,  eiJiibits,  according  to  the 
degree  of  purity  of  tlie  material,  a  more  or  less  transparent  and  brittle  substance,  which 
in  pure  state  is  devoid  of  colour  as  well  as  of  smell,  becoming  swollen  in  cold  water  and 
dissolved  by  boiling  in  tliat  liquid.  This  substance,  t.^.,  tlie  product  of  the  conver- 
sion of  the  so-called  glue-  or  gelatine-yielding  tissues,  is  what  is  known  in  the  trade 
as  glue,  and  largely  used  by  joiners,  carpenters,  Ac.,  for  joining  wood,  also  for 
sizing  paper,  for  clarifying  various  liquids,  beer  and  wine  for  instance,  and  as  a 
cement.  Among  the  glue-yielding  tissues  tlie  foUowing  are  the  most  important  :— 
Cellular  tissue,  the  corium,  tendons  or  sinews,  the  middle  membrane  of  the 
lympliatica  and  veins,  the  osseine  or  organic  matter  of  bones,  hartshorn, 
the  bladders  of  many  kinds  of  fish,  &c.  Chemically  we  distinguish  between  glutin, 
that  is  to  say,  glue  derived  from  skins,  bones,  &c.,  and  chondrin,  which  lias  been 
obtained  from  cartilage.  In  a  technical  point  of  view  this  distinction  is  hardly 
required,  as  the  cartilaginous  matter  is  as  much  as  possible  selected  from  other  glue- 
making  materials,  because  experience  has  shown  tliat  glutin  has  a  mnch  greater 
power  of  adhesion  than  chondriu.  The  latter,  however,  is  largely  used  as  size  in 
this  country. 

As  already  observed,  the  glue-  or  gelatine-yielding  tissues  yield  on  being  dissolved 
a  gelatinising  mass,  tlie  aqueous  solution  of  which  does  not,  however,  possess  to  sny 
great  extent  a  glueing  property,  which  is  only  imparted  to  the  gelatine  by  a  proeesi 
of  drying.  In  considering,  therefore,  the  process  of  glue-boiling,  we  have  to  distin* 
guish  tlie  animal  matter  capable  of  yielding  glue,  the  gelatinous  mass  obtained 
therefrom,  and  the  glue  obtained  by  drying  the  latter.  The  temperature  required  (at 
obtaining  gelatine  differs  according  to  tlie  different  animal  tissues  employed ;  the 
consistency  of  the  gelatine  obtained  from  equally  strong  solutions  varies  with  the  sge 
of  the  tissues  operated  upon. 

Glue  readily  dissolves  by  boiling  in  water,  forming  on  cooling  a  gelatinous  mssi, 
even  if  the  quantity  of  glue  is  only  i  per  cent.  Repeated  boiling  and  cooling  a 
glue  solution  causes  it  to  lose  the  property  of  gelatinising,  and  the  same  eflbot  is  pro- 
duced by  acetic  and  dilute  nitric  acids.    Solutions  of  alum  precipitate  glae  solntioBS 
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only  after  the  addition  of  potash  or  soda,  the  precipitate  consisting  of  glue  mixed 
with  basic  sulphate  of  alumina.    Glue  enters  with  tannic  acid  into  a  combination  of 
constant  composition ;    hence  glue  or  gelatine  may  be  used  for  the  estimation  of 
tannin  in  vegetable  matter. 
Three  different  kinds  of  glue  are  distinguished  by  the  manufacturers,  viz. : — 

a.  So-called   skin-glue,   or  leather-glue,  prepared    from   refuse  hides,   skins, 

tendons,  Sec. 
h.  The  glue  obtained  from  bones. 
c.  The  glue  obtained  from  fish-bladders,  termed  isinglass. 

Very  recently  glue  from  vegetable  gluten  and  so-called  albumen  glue  have  been 
prepared. 

L«ub«roia«.  This  substaucc  is  prepared  from  a  large  variety  of  animal  refuse,  the 
chief  sources  being  the  following: — Refuse  from  tan  yards,  tawing  and  leather- 
dressing  works,  old  gloves,  rabbit  and  hare  skins  (the  hair  having  been  used  by  hat- 
makers),  skins  of  cats  and  dogs,  ox  feet,  parchment  cuttings,  surons  (skins  which  have 
served  the  purpose  of  carrying  drugs,  especially  from  America),  sinews,  guts, 
leather  cuttings  (leather  tanned  with  oak  bark  cannot  be  readily  converted  into  glue). 
The  glue-boiler  on  an  average  obtains  from  the  various  materials  about  25  per  cent 
of  glue,  preference  being  given  to  the  refuse  of  tawing  operations  and  kid  leather 
making,  because  these  materials  are  ready  for.  boiling  without  requiring  any  previous 
treatment.    Glue-boiling  involves  the  following  operations : — 

1.  Treating  the  glue-yielding  materials  with  lime. 

2.  Boiling  these  materials. 

3.  Forming  the  gelatine. 

4.  Drying  the  gelatine  so  as  to  form  glue. 

Tkwtiiic  ifith  Lima.  I.  The  aim  of  this  operation  is  the  cleansing  of  the  refuse  and  the 
prevention  of  putrefaction.  It  is  effected  by  placing  the  cuttings  in  tanks  or  lime-pits 
and  pouring  in  a  thin  milk  of  lime.  The  materials,  while  the  milk  of  lime  is 
frequently  renewed,  are  thoroughly  mixed  with  the  lime-liquid  and  left  for  fifteen  to 
twenty  days  in  the  pits.  By  the  action  of  the  lime  any  blood  and  flesh  is  dissolved 
and  the  fatty  matter  saponified.  In  order  to  remove  the  excess  of  lime,  the 
materials  are  placed  either  in  nets  or  in  willow-baskets,  and  these  are  immersed  in  a 
brook  or  river,  where  a  continuous  stream  of  fresh  water  removes  the  greater  part  of 
the  lime  in  a  few  days.  The  washed  material  is  next  exposed  in  the  yard  to  the 
action  of  the  air  in  order  that  it  may  become  dry,  as  well  as  form  a  carbonate  of 
any  lime  still  present  in  the  materials.  When  the  materials  are  dry  they  are  packed 
and  sent  off  to  the  glue-boilers,  who,  previous  to  proceeding  with  the  boiling  opera- 
tion, macerate  the  materials  again  in  a  weak  milk  of  lime,  the  maceration  being 
followed  by  washing. 

Fleck  states  that  a  weak  alkaline  ley  (5  kilos,  of  calcined  soda  and  7*5  kilos,  of 
qnick-lime  to  750  to  1000  kilos,  of  glue-yielding  material)  is  preferable  to  the  use  of 
milk  of  lime.  When  the  glue-boiling  and  tanning  operations  are  executed  on  the 
same  premises,  the  lime-treated  glue  materials  are  put  for  a  few  hours  into  old  oak 
bark  liquor,  the  acids  (lactic,  butyric,  and  propionic  acids)  of  which  remove  the  lime, 
while  the  animal  matter  is  at  the  same  time  superficially  tanned.  This  glue  tannate 
rises  during  the  boiling  as  scum  to  the  surface  and  assists  in  rendering  the  glue 
liquor  clear.    According  to  DuUo,  the  Ck)logne  glue — a  very  pale  and  strong  glue — 
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is  obtained  from  offal,  which,  after  liming,  has  been  treated  with  ft  Bolntion  of 
chloride  of  lime  (hypochlorite  of  lime),  and  thereby  bleached. 

BoQinff  the  Mauruiii.  This  Operation  is  carried  on  either  in  the  ordinary  manner  of 
boilinfi;  anytliing  Tvith  water,  or  by  so-called  fractioned  boiling,  or  finally  by  the 
application  of  steam.  As  the  conversion  of  the  glue-yielding  materials  into  glne 
takes  place  slowly  and  gradually  under  the  influence  of  the  boiling  water,  it  is  dear 
tliat  the  metliod  of  boiling  cannot  he  without  influence  upon  the  glue  ultimately 
produced.  The  first  portions  of  gelatine  which  are  formed  remain  in  contact  with 
a  boiling-liot  mass,  and  are  tliereby  furtlier  changed  so  as  to  lose  the  capability  of 
gelatinising,  while  tlic  glue  at  last  obtained  exhibits  a  dark  colour  and  is  often  not  so 
strong,  although  it  is  generally  believed  that  deep-coloured  glue  is  of  a  better 
quality.  A  rational  mode  of  glue-boiling  would  involve  Uie  gradual  removal  of  the 
solution  obtained,  wliile  of  course  fresh  water  would  have  to  be  supplied  to  replaoe 
the  liquor  drawn  off.  The  older  metliod  of  glue -boiling  consists  in  simply  placing 
the  materials  witli  M'ater  in  a  cauldron,  care  being  taken  to  prevent  burning  by  placing 
the  materials  on  a  stout  wire  gauze  or  tpng  them  in  a  net  and  suspending  it  in  the 
boiling  liquid.  Soft  water  yields  a  better  result  than  hard.  Gradually  the  materials 
become  dissolved,  and  the  scimi  which  is  formed  is  taken  from  the  snrfiBce  with  a 
large  ladle.  The  refuse  of  glue  of  former  operations  is  added  to  the  boiling  liquid, 
and  the  operation  continued  until  the  liquid  is  of  the  required  strength,  which  is 
tested  by  pouring  into  a  broken  egg-shell  a  small  portion  of  the  liquor,  and  by 
placing  the  partly-filled  shell  in  ice-cold  water.  If  the  solution  gelatinises  after  a 
while,  forming  a  hard  and  rather  stiff  gelatine,  the  liquor  is  run  off  by  means  of  a 
tap,  filtered  Uirough  a  layer  of  straw  placed  in  a  basket,  and  conveyed  to  a  wooden 
lead-lined  cistern,  externally  covered  \nih  mats  or  straw,  or  some  bad  condactor  of 
heat.  In  some  Works  the  liquor  is  decanted  into  a  deep  but  narrow  boiler,  the 
furnace  of  which  is  so  arranged  as  to  impart  heat  to  tlie  top  of  tlie  vessel  only.  Thii 
vessel,  as  well  as  tlic  cistern,  is  heated  previously  to  the  liquor  being  poured  in.  The 
liquor  is  clarified  by  stirring  it  with  a  small  quantity  of  very  finely-pulverised  alum, 
075  to  1*5  per  mille  of  tlie  liquid.  After  this  the  liquid  is  left  to  stand  all 
niglit.  The  alum  precipitates  any  lime  remaining  as  sulphate  of  lime,  and  also  some 
orgimic  matter  which  renders  tlie  liquid  turbid.  Alum,  tliough  it  prevents  the 
putrefaction  of  tlie  glue  while  drying,  impairs  its  strength.  The  lime  might  better 
he  precipitated  by  oxalic  acid,  and  the  organic  matter  removed  by  adding  to  the 
boiling  mass  some  astringent  matter,  such  as  oak  bark  decoction  or  hops,  so  thst 
during  the  boiling  the  organic  impurities  could  be  taken  away  as  scum. 

FnetioiMd  BoUinK.  ]iy  tliis  Operation  only  a  comparatively  small  quantity  of  wvter  it 
added  to  the  animal  matter  intended  to  bo  converted  into  glue.  When  the  water  is 
fairly  boiling  tlie  cauldron  is  covered  Mith  a  well-fitting  lid,  and  the  steam  being  kept 
in  as  much  as  possible,  is  allowed  to  act  upon  the  materials  so  as  to  convert  them 
into  glue.  When,  after  continued  boiling  for  about  two  hours,  the  water  has  takoi 
up  sufficient  gelatine,  the  liquor  is  run  off  and  fresh  water  poured  on  the  materials. 
This  operation  is  repeated  until  the  decoction  no  longer  gelatinises,  the  last  liquor 
being  kept  for  use  instead  of  water  for  a  following  operation.  The  liquors  thus 
obtained,  excepting  the  last,  are  either  mixed  or  each  is  treated  separately.  The  glue 
yielded  by  the  first  decoction  is  stronger  than  that  pelded  by  the  subsequent  liquors. 
By  this  method  of  boiling  the  saturated  liquor  does  not  remain  exposed  to  the  action 
of  heat  and  water  too  long,  and  consequently  a  better  article  is  produced.     In  some 
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instances  the  materials  intended  to  be  converted  into  glue  are  boiled  in  a  vessel 
similar  in  construction  to  those  in  use  in  bleaching -works  and  in  paper-mills^ 
arranged  in  the  following  manner.  At  some  distance  from  the  bottom  a  perforated  false 
bottom  is  placed,  in  the  centre  of  which  is  fixed  a  wide  tube  wliioh  reaches  to  about  two- 
thirds  of  the  height  of  the  cauldron.  The  materials  intended  to  be  converted  into  glue 
are  placed  upon  the  perforated  bottom  and  water  under  it ;  as  soon  as  the  water  boils, 
the  steam  produced,  not  being  able  to  escape  rapidly  and  readily  through  the  materials, 
exerts  a  pressure  upon  the  liquid  and  forces  it  through  the  tube,  the  consequence  being 
that  a  constant  stream  of  boiling  liquid  falls  upon  the  glue  materials,  which  are  rapidly 
dissolved. 

A  more  rational  mode  of  conducting  this  operation  consists  in  employing  high- 
pressure  steam  admitted  into  the  mass  of  the  animal  materials  to  be  converted  into 
glue.  In  tliis  manner  a  very  concentrated  solution  of  glue  is  obtained  in  a  short 
time.  In  England  steam  is  generally  employed,  but  on  the  continent  its  use  is  the 
exception.  It  has  been  said  that  it  is  advantageous  to  allow  tlie  animal  offal  intended 
for  glue  to  become  somewhat  decomposed  and  then  to  disinfect  it  with  cldorine 
and  sulphurous  acid  before  boiling  it  for  glue,  because  by  tliis  mode  of  treatment  a 
brighter  glue  is  obtained.    We  are  unable  to  say  whether  this  opinion  is  correct. 

Mooiding.  As  soon  as  the  glue  solution  has,  by  standing  in  the  tanks  into  which  it  had 
been  transferred  from  the  boilers,  become  quite  clear  and  somewhat  cooled,  the 
liquid  is  poured  into  moulds,  and  when  soliditied  the  jelly  is  cut  into  cakes  of  the 
shape  and  size  met  with  in  the  trade. 

The  moulds,  into  which  the  glue  solution  is  poured  through  a  strainer  made  of 
metal  gauze,  are  of  wood,  and  geuerally  a  little  \idder  at  the  top  than  at  the  bottom, 
80  as  to  admit  of  an  easy  removal  of  tlie  solid  material.  At  the  bottom  of  the  moulds 
a  series  of  grooves  are  cut  at  such  a  distance  from  each  other  as  agrees  with  the  size 
of  the  intended  glue-cakes.  Before  the  liquid  is  poured  into  the  moulds,  these  are 
thoroughly  washed,  and  either  allowed  to  remain  damp,  or  if  dried  are  oiled,  so  as  to 
prevent  the  solidifying  gelatine  adhering  to  the  wood.  Recently  moulds  made  of 
sheet-iron  and  zinc  have  been  introduced.  The  moulds  are  filled  with  tlie  lukewarm 
glue  solution,  and  when  the  glue  is  sufficiently  hard  it  is  gently  loosened  from  the 
sides  with  a  sharp  tool,  and  the  mould  having  been  turned  over  on  a  wooden  or  stone 
table,  previously  damped,  is  lifted  off  the  block  of  gelatine,  which  is  next  cut. into 
cakes  or  slabs.  The  cutting  tool  is  simply  a  piano-wire,  or  more  frequently  a  series 
of  these  stretched  in  a  frame  at  sufficient  distance  from  each  other  to  make  the 
cakes  of  the  desired  thickness,  the  frame  being  placed  on  small  wheels  so  as  to  be 
easily  moved.  Glue  is  met  with  in  the  trade  as  a  gelatinous  mass,  or  is  sold  in 
casks  under  the  name  of  size.  It  is  said  that  the  process  of  drying  impairs  the  good 
qualities  of  the  glue. 

DnringtiMoiiM.  This  operation  is  performed  by  placing  the  gelatine  cakes  on  nets 
made  of  twine  stretched  in  frames  and  exposed  in  a  dry  airy  place  to  the  action  of 
the  sun.  The  drying  is  one  of  the  most  difficult  operations  of  the  glue-making 
process,  because  the  temperature  of  the  air  and  its  hygrometric  condition  exert  a 
great  influence  on  the  product,  especially  during  the  first  few  days.  The  glue  will 
not  bear  a  temperature  above  20%  because  at  a  higher  temperature  it  becomes  again 
fluid,  and  as  a  matter  of  course  flows  through  the  meshes  of  the  net  and  adheres  to 
the  twine  so  strongly  as  to  require  the  nets  to  be  put  into  hot  water  for  the  removal 
of  the  mass.    Too  dry  air  causes  an  irregularity  in  the  drying  of  the  glue,  and  as 
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a  consequence  the  cakes  become  bent  and  cracked ;  while  firost  eanseB  diaintegraiion, 
80  as  to  necessitate  a  re-melting  of  the  glue:  hence  it  follows  that  dzying  in  the 
open  air  can  only  be  effected  in  the  spring  and  antumn.  Although  the  glne-boilerB 
have  tried  to  dry  glue  by  artificial  heat,  this  plan  has  not  been  generally  introduoed  owing 
to  the  fact  that  a  slight  excess  of  heat  causes  the  melting  of  the  gelatine,  the  more 
readily  when  ventilation  is  neglected.  Drying-rooms,  as  recently  oonstmoted  are  large- 
sized  sheds  fitted  with  the  required  frame-work  for  receiving  the  gelatine  cakes,  and 
heated  by  steam-pipes  placed  on  the  floor  near  the  latter.  The  walls  are  provided 
with  openings  which  can  be  closed  by  means  of  valves,  while  there  are  ▼entilators  in 
the  roof  arranged  to  obtain  a  proper  circulation  of  air.  As  the  gelatine  placed 
nearest  to  the  floor  of  the  room  becomes  most  quickly  dry,  it  is,  with  the  firtmes 
upon  which  it  placed,  removed  after  eighteen  to  twenty-four  hours  to  a  higher  part  of 
the  drying-room,  which  is  not  heated  at  all  if  the  outer  air  has  a  temperature  of 
15**  to  20"*.  The  drying-shed,  or  room,  is  by  preference  built  so  as  to  &ce  the  north. 
When  the  glue  has  been  thus  dried  as  much  as  possible,  it  is  generally  quickly  dried 
in  a  stove  in  order  to  impart  hardness.  It  is  next  polished  by  being  immezaed  in 
hot  water,  and  cleaned  witli  a  brush,  and  again  dried. 

Glue  fnun  BonM.  The  Organic  matter  contained  in  bones,  forming  nearly  one-third 
part  (32*17  per  cent)  of  their  weiglit,  consists  of  a  material  which,  after  the  bones  have 
been  treated  with  hydrochloric  acid,  is  very  readily  converted  by  the  action  of  high- 
pressure  steam  into  glue.  The  preparation  of  glue  from  bones  by  the  action  of 
hydrochloric  acid  is  the  usual  mode  of  proceeding,  and  the  operation  ia  advantage- 
ously combined  with  the  making  of  sal-ammoniac  and  phosphorus. 

The  preparation  of  glue  from  bones  includes  the  following  operations : — ^I.  BaUmg 
out  the  Grease. — The  bones  are  put  into  water  and  boiled  in  a  cauldron,  the  &t 
floating  to  tlie  surface.  Frequently  in  order  to  save  fuel  the  bones  are  put  into  an  iron 
wire  basket,  which  is  removed  after  the  boiling  has  been  continued  for  some  time,  the 
bones  thrown  out  and  fresh  ones  put  in,  the  boiling  being  continued  until  a  thick 
gelatinous  liquor  is  obtained.  The  fat  or  grease  is  removed  from  the  sarfikce  of  the 
liquid  by  means  of  ladles.  The  gelatinous  mass  obtained  by  this  process  ia  either 
used  as  a  manure  or  is  given  to  cattle  as  fodder.  In  some  works  bones  have  been 
exhausted  with  sulphide  of  carbon  for  the  purpose  of  extracting  the  grease, 
n.  Treating  tlie  Bones  with  Hydrochloric  Add. — The  bones  having  been  drained  are 
placed  in  baskets,  and  with  these  are  immersed  in  tanks  to  more  than  half  their  height, 
the  tanks  being  filled  with  hydrocliloric  acid  at  y""  B.  ( =  1*05  sp.  gr.  =  io'6  per  cent 
CIH) ;  10  kilos,  of  bones  require  40  litres  af  acid.  The  bones  are  kept  in  this 
liquor  until  they  become  quite  soft  and  transparent.  They  are  next  drained  and  than 
with  the  baskets  immersed  in  a  stream  or  brook  with  a  good  supply  of  running 
water  to  wash  out  the  greater  portion  of  the  acid,  which  is  fully  neutralised  hf 
placing  the  bones  in  lime-water,  again  followed  by  washing  with  fresh  water, 
the  bones  being  then  ready  for  boiling.  Gerland  has  suggested  the  lue  of 
sulphurous  instead  of  liydrochloric  acid.  III.  Conversion  of  the  Organie  MeUter 
into  Qlue. — The  cartilaginous  substance  having  been  either  partly  or  oompletely 
dried  is  put  into  a  cylindrical  vessel  containing  a  false  perforated  bottom,  and 
between  that  and  the  real  bottom  a  pipe  or  tube.  To  the  top  of  the  Teasel  a  Hd  is 
fitted,  provided  with  an  opening  for  a  steam-pipe  leading  from  a  small  hoilar. 
Shortly  after  the  admission  of  the  steam  a  concentrated  glue  solution  begins  to  nm 
ofi*  from  the  pipe  at  the  bottom  of  the  cylinder ;  this  solution  is  usually  so  coneen- 
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trated  as  to  admit  of  being  at  onoe  nin  into  the  moolds,  and  after  having  become 
solid  is  treated  as  before  described.  After  a  few  hours  a  weak  liquid  makes 
its  appearance,  and  as  soon  as  this  happens  the  cylindrical  vessel  is  opened,  the  glue 
mass  removed  with  the  weak  liquid  to  a  copper  and  boiled,  care  being  taken 
to  stir  the  magma  constantly.  As  soon  as  the  glue  is  dissolved  the  liquor  is  poured 
into  moulds.  Glue  obtained  from  bones  exhibits  a  milky  appearance  due  to  the  pre- 
sence of  a  small  quantity  of  phosphate  of  lime  retained  in  the  substance.  Some- 
times there  is  purposely  added  more  or  less  baiyta-white,  zinc- white,  white-lead, 
ohfllk,  or  pipe-clay.  The  glue  obtained  from  bones  is  sold  under  the  name  of  patent 
glue. 

Liquid  ouw.  When  glue  is  dissolved  in  its  own  weight  of  water  and  a  small  quantity 
of  nitric  acid  added  to  the  solution,  it  loses  the  property  of  gelatinising,  while  the 
adhesive  property  of  the  glue  is  not  impaired.  Dumoulin  prefers  to  dissolve  x  kilo* 
of  Cologne  glue  in  i  Htre  of  boiling  water,  and  to  add  to  the  solution  o'z  kilo, 
of  nitric  acid  at  36  B.  =  x'3X  sp.  gr.  After  the  evolution  of  the  nitrous  acid  fumes 
has  subsided  the  fluid  is  cooled.  A  better  liquid  glue  is  obtained  by  dissolving  good 
gelatine  or  glue  of  superior  quality  in  strong  vinegar  and  moderately  strong  acetic 
acid,  to  which  one-fourth  of  its  bulk  of  alcohol  is  added,  and  some  pulverised  alum, 
the  solution  being  aided  by  a  water-bath.  The  action  of  the  acetic  acid  is  the  same 
as  that  of  the  nitric  acid.  According  to  Knaffl,  a  very  excellent  liquid  glue  ia 
obtained  by  heating  for  some  10  to  iz  hours  upon  a  water-bath,  a  mixture  of  3  parts 
of  glue  in  8  parts  of  water,  to  which  are  added  0*5  part  of  hydrochloric  acid,  and 
075  part  of  sulphate  of  zinc,  the  temperature  of  the  mixture  being  kept  below 
80**  to  85^  This  kind  of  liquid  glue  keeps  for  a  very  long  time  and  is  largely  used 
for  joining  wood,  horn,  and  mother-of-pearL  This  glue  is  employed  by  the  mskers. 
of  artificial  pearls. 

TartforiiMQiudityor  otaM.  Although  the  quality  of  glue  is  best  ascertained  by  practical 
use,  some  of  the  physical  qualities  and  the  external  appearance  of  glue  may  be 
mentioned  as  indicating  a  superior  article.  Glue  of  good  quality  should  exhibit  a 
bright  brown  or  brown-yeUow  colour,  should  be  free  from  specks,  glossy,  perfectly 
clear,  brittle,  and  hard,  should  not  become  damp  by  exposure  to  air ;  when  being 
bent  it  should  snap  or  break  sharply,  the  fracture  presenting  a  glassy,  shining 
appearance.  When  placed  in  cold  water  glue  should  not  even  after  forty-eight 
hours  in  this  fluid  swell  up  and  increase  in  bulk  nor  dissolve.  A  splintery  fracture 
of  glue  indicates  that  it  has  not  been  well  boiled.  The  adhesive  property  of  glue  is 
often  increased  by  adding  certain  pulverulent  earthy  substances.  This  addition  ia 
regularly  the  case  with  Russian  glue.  Among  the  substances  employed  are  white- 
lead,  sulphate  of  lead,  zinc-white,  baiyta-white,  and  even  chromate  of  lead.  As 
different  kinds  of  glue  may  agree  in  their  external  aspect  and  yet  vary  as  regards 
their  adhesive  power,  methods  of  testing  glue  have  been  proposed,  some  of  which 
are  based  upon  the  chemical,  others  upon  the  physical,  properties  of  this  substance. 

I.  Chemioal  Proeet$e$  cf  Tetting  Qlue. — Of  these  we  mention  the  following : — 
Graeger's  Method. — Premising  that  the  quality  of  a  glue  is  dependent  on  the 
quantity  of  glutin  contained,  irrespective  of  the  origin  of  the  glue  and  its  freedom 
from  foreign  substances,  which  might  weaken  its  adhesive  property,  Graeger  estimates 
the  quantity  of  gluten  by  precipitating  the  glue  solution  with  tannin,  and  by  calcu- 
lating from  the  amount  of  tannate  of  gelatine  obtained  (the  composition  being  taken 
in  100  parts  at  4274  parts  of  gluten  and  57*26  of  tannin),  the  quantity  of  pure 
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glaten  contained  in  the  glne.  Bislei-BeanAt,  while  employing  the  m 
prepares  two  normal  fiuids,  one  of  which  contains  lo  gtnu.  of  pare  tannic  add 
to  the  litre,  while  the  other  contains  in  I  litre  lo  gnaa.  oi  pore  ininglann  and 
30  gnng.  of  alum.  As  equal  bnlk  of  these  flnids  do  not  satnrate  each  other,  the 
author  determines  bj  titration  the  relation  between  them,  and  dilutee  tlte  tannic  add 
solution  with  the  requisite  quantity  of  wat^r.  In  order  to  test  a  glne  the  author  dis- 
Bolves  lo  gnns.  of  tlie  sample  to  be  tested  with  20  gnna.  of  alum  in  a  litre  of  water, 
heat  being  applied  if  necessary.  Next  10  c.c.  of  tbe  tannic  add  solution  an  taken, 
to  which  an  equal  bnlk  (10  c.c.)  of  the  glne  solution  is  at  once  added,  beeanae  cma 
may  be  sure  that  this  is  not  too  much,  as  no  sample  of  glne  met  with  in  commerce  ia 
as  pure  as  imnglass.  The  TSssel  containing  the  mixed  liquid  being  wdl  shaken  and 
the  precipitate  having  settled,  another  c.c.  of  glue  solntion  ia  added  to  the  tannin 
Bolntion,  which  is  next  filtered  through  a  moistened  cotton  filter.  If  oiu  drop  of  tha 
glne  solntion  still  produces  a  precipitate  in  the  clear  filtrate  another  cc  ia  added  to 
the  tannin  solution,  and  tlien  again  filtered,  these  operations  being  repealed  until  tha 
£ltiale  is  no  longer  rendered  turbid  by  the  glue  solution. 

These  modes  of  testing  glue  give  only  an  approximate  value  of  the  ghie,  at  its 

precise  chemical  constitution  is  not  known,  and  is.  in  all  probability,  complex ;  wbila 

it  has  not  been  proved  that  the  substance  combined  with  tannin  con«^»onda  to  tha 

adhesiTe  power  of  glne.  I'inally.  it  should  be  observed,  that  gelatine  and  (^ne,  thmif^ 

both  precipitated  by  the  some  quantity  of  tannin,  are  altogether  dififerent  enhstanoea. 

n.  MechaitUal  Moda  of  Ttiting  Olue. — Schattenmann's  Method. — The  glue  to  be 

tested  is  kept  inunersedforaconsiderabletimeinalargequantity  of  waterat  15°;  tha 

substance  swells  up,  absorbing  five  to  sixteen  times  its  own  weight  of  water.  The  xaam 

oonsistent  and  elastic  glue  is  found  to  be  in  this  state  the  greater  its  adhemve  powv. 

The  larger  the  qnanlaty  of  water 

Fio.  256.  absorbed  the  more  economical  will 

the  glne  be  in  oae.     Aeooiding  to 

'Weidenbusch's    experimenta,    this 

method  should  be  employed  raily 

with  glne  obtained  from  bonea,  as 

that  obtained  from  animal  o&l  does 

not  behave  similaily.  Lipowib  baa 

proposed  the  following  method:— 

5  ports  of  glne  an  dissolved  in 

such  a  quantity  of  water  that  the 

weight  of  the  solution  ia  eqoal  to 

50  parte.    This  solntion  ia  kept  toe 

twdve  hours  at    18°  in  order  to 

cause  the   solution    to    gelatiaiaa. 

The  gelatine  obtained  ia  placed  in 

a  glass  vessel.  Fig.  356.      a  ia  a 

piece  of  tinned  iron  throngfa  which 

tbe  iron  wire  6  moves  easily.  At  the 

lower  end  of  6  is  soldered  a  saucar- 

like  piece  of  tinned  imo,  the  ocnvoL 

aide  of  which  is  tamed  downwards.     The  weight  of  the  wire  b  and  the  aonv«x 

piece  acMend  to  it  is  5  grms.,  while  the  funnel,  c,  put  on  tbe  top  of  the  win 
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also  weiglis  5  grms.  The  funnel  is  of  sufficient  size  to  contain  50  gnns.  of  small 
shot.  According  to  the  consistency  the  greater  weiglit  will  it  require  to  force  the 
gelatine  down  into  the  glass,  and  from  the  weight  required  the  adhesiveness  may 
foe  judged.  Heinze  has  tried  this  method  (1864),  and  the  results  of  his  experiments 
prove  the  correctness  of  Li]K)witz's  proposition. 

Weidenbusch*s  method  is  essentially  that  suggested  by  Karmarsch,  and  consists 
in  testing  the  weight  required  to  tear  asunder  two  pieces  of  wood  glued  together 
with  the  sample  of  glue ;  but  it  is  evident  that  this  plan  is  not  satisfactory,  because 
it  is  impossible  to  obtain  wood  always  of  the  same  quality,  wliile  the  adhesiveness  of 
good  glue  is  greater  than  that  of  wood  itself.  Weidenbusch  has  evidently  observed 
that  the  method  is  not  reliable,  for  he  has  suggested  the  following  plan: — Small 
sticks  or  rods  are  made  of  gypsum,  are  gently  dried,  first  by  heat  and  next  over 
chloride  of  calcium  until  the  rods  do  not  lose  weight.  They  are  then  saturated 
with  solutions  of  samples  of  glue ;  the  force  required  to  break  these  rods  after  drying 
determines  the  strength  of  the  glue,  because  the  force  required  to  break  the  gypsum 
is  of  a  constant  value.  An  apparatus  has  been  contrived  by  the  aid  of  which  the 
weight  required  to  tear  asunder  the  dried  gypsum  rods  may  be  ascertained;  the 
average  weight  has  been  found  to  be  219  grms.  The  glue  to  be  tested  is  dried 
at  100^,  put  over  night  into  cold  water,  next  dissolved  in  hot  water,  the  solution 
being  so  arranged  as  to  contain  one-tenth  of  glue.  This  solution  is  coloured  with 
neutral  indigo  tincture  in  order  to  render  it  more  easily  discernible.  The  gypsum 
rods  are  left  in  the  solution  for  a  couple  of  minutes  and  then  dried  until  the  weight 
does  not  vary.  When  this  obtains  the  rods  are  broken  by  the  action  of  mercury, 
which  is  gradually  admitted  into  the  apparatus. 

liingiaM.  The  substance  met  iu  commerce  under  the  name  of  isinglass  is,  if 
genuine,  tlie  dried  interior  pulpous  vesicular  membrane  of  the  air-bladder  of  certain 
kinds  of  fish  belonging  to  the  order  of  the  cartilaginous  ganoids,  and  more 
especially  of  the  common  sturgeon  (Accipemer  sturio) ;  the  huso,  or  grand  sturgeon 
(A.  sturio) ;  the  A.  Qnldenstaedti,  and  A.  stellatus.  The  bladders  of  these  and  of  kin- 
dred species  of  fish  plentifully  met  with  in  the  Caspian  Sea  and  the  estuaries  of  the 
rivers  running  into  it,  are  cut  open,  cleansed,  stretched,  and  dried  by  exposure  to  sun- 
light, and  when  sufficiently  dry  to  admit  of  being  handled  without  fear  of  tearing  the 
outer  muscular  membrane,  which  does  not  on  being  boiled  yield  any  glue,  is  torn  off, 
while  the  interior  membrane  is  moulded  in  various  ways  (as  in  rings,  lyre-shaped,  or 
folded  as  leaves  of  paper),  and  bleached  by  sulphurous  acid,  then  tlioroughly  dried 
by  exposure  to  sunlight. 

According  to  the  countries  from  which  it  is  sent  into  the  trade  isinglass  is 
distinguislied, — as  Russian  (tlie  best  kind  being  obtained  from  Astrakan) ;  North 
American  (from  Oadus  merluciui) ;  East  Indian  (from  Polynemus plebejus),  met  with  in 
leaves,  also  as  small  sacks,  and  in  the  entire  bladder ;  Hudson  Bay  isinglass  (derived 
from  sturgeons) ;  Brazilian  is  probably  obtained  from  various  kinds  of  Silurus  and 
Pimeladus,  This  isinglass  occurs  in  hollow  tubes,  in  lumps,  and  in  discs.  German 
isinglass  is  prepared  at  Hamburg  from  the  air-bladder  of  the  common  sturgeon.  In 
Eoumania  and  Servia  the  skin  and  intestines  (not  the  liver)  of  cartilaginous  fishes 
are  boiled  into  a  stiff  jelly,  which,  having  been  cut  into  thin  slices,  is  dried  and  sent 
into  the  market  as  isinglass.  As  regards  the  use  of  this  material  we  have  to 
distinguish  between  fish  glue  and  isinglass.  The  former,  if  properly  prepared,  is  not 
at  all  distinguisliable  from  ordinary  glue  as  obtained  from  bones  or  other  animal 
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retase ;  bnt  isinglass  is  not  glue,  and  is  only  converted  into  it  by  boiling.  It  eonsists 
of  fibres  or  threads,  which  when  placed  in  water  are  somewhat  dissolved,  bnt 
retain  their  organised  structure ;  this  being  especially  of  importance  for  the  nse 
of  this  substance  in  clarifying  wine,  beer,  and  similar  fluids,  as  the  fibres  con- 
stitute as  it  were  a  close  network,  which  readily  takes  np  the  turbidity  produced  by 
small  particles.  The  presence  of  tannin  in  liquids^  which  are  intended  to  be  clari- 
fied by  the  use  of  isinglass  is  advantageous,  inasmuch  as  it  promotes  the  contraction 
of  the  isinglass  fibres,  whereby  the  suspended  particles  present  in  the  fluid  to  be 
clarified  are  retained ;  so  that  in  truth  the  clarifying  by  isinglass  is  a  kind  of  filtration, 
which  cannot  be  performed  either  by  glue  or  by  a  hot  saturated  solution  of  imnglafls 
For  isinglass  may,  in  all  otlier  instances,  such  as  the  dressing  of  woven  silk  £id>ric8, 
the  preparation  of  so-called  court-plaster  and  cements,  be  substituted  good  gelatine. 
Under  the  name  of  laktyocolU  FrangaUe^  Rohart  some  years  ago  introduced  a  substi- 
tute for  isinglass,  a  compound  said  to  be  obtained  from  fibrin  of  blood  and  tannin. 
sobrtitatM  for  oiu,  and  Mew      Keceutly  three  substitutes  for  glue  have  been  introduced, 

Prepaimtioiu  obtained  r^t    ,  t        ,     i-,        ■,  .  .1. 

from  aloe.  Viz. : — I.  Gluten  glue  (ooue  gluten),    2.  Albumen  glue  (colli 

vigitale  ou  albuminoide.  3.  Gaseine  glue  {coUe  ccueine).  The  first  is  a  mixture 
of  gluten  and  fermented  flour.  It  is  a  very  sour  mixture,  endowed  with  but 
very  slight  adhesive  power.  Albumen  glue  is  partially  decayed  gluten,  the 
substance  largely  obtained  in  the  manufacture  of  starch  from  wheaten  flour 
thoroughly  washed  with  water,  and  then  exposed  to  a  temperature  of  15^  to  20%  at 
which  it  begins  to  ferment  and  become  partly  fluid,  or  more  correctly  soft,  so  as  to 
admit  of  being  poured  into  moulds  which  are  placed  in  a  room  heated  to  25°  or  30" 
for  twenty-four  to  forty- eight  hours.  The  sur£eu;e  having  become  dry  enouj^ 
to  admit  of  the  cakes  being  handled,  they  are  taken  from  the  moulds  and  fhzther 
dried  by  being  placed  either  on  canvas  or  on  wire  gauze.  After  four  to  five  days  the 
cakes  are  quite  dry  and  fit  for  being  kept  in  a  dry  place  for  any  length  of  timk  A 
solution  of  this  substance  in  twice  its  weight  of  water  constitutes  a  normal  solution, 
which  may  be  diluted  according  to  the  use  desired  to  be  made  of  it.  This  kind  of 
glue  may  be  used  for  the  following  purposes: — Glueing  wood,  cementing  glass, 
porcelain,  earthenware,  mother-of-pearl,  for  pasting  leather,  paper,  and  cardboard ;  it 
may  further  serve  as  weaver's  glue,  and  as  dressing  for  silk  and  other  woven 
fabrics;  also  for  a  mordant  instead  of  albumen  in  dyeing  and  printing  various 
fabrics ;  and  lasUy,  for  clarifying  liquids. 

Caseine  glue  is  prepared  by  dissolving  caseine  in  a  strong  solution  of  borax.  The 
thick  fluid  thus  obtained  has  great  adhesive  powers  and  may  be  advantageous^ 
employed  by  joiners  and  bookbinders.  Wliat  is  known  as  elastic  glue  is  a  prepara- 
tion of  glue  and  glycerine,  by  the  addition  of  which  glue  may  be  rendered 
permanentiy  elastic  and  soft.  It  is  prepared  in  the  following  manner: — Glue  is 
melted  in  water  by  the  aid  of  a  water-bath,  into  a  very  thick  paste,  to  which 
glycerine  is  added  in  the  same  quantity  by  weight  as  that  of  the  dry  glue.  The 
mixture  is  thoroughly  stirred  and  then  further  heated  in  order  to  evaporate  the 
excess  of  water.  The  mass  is  then  cast  on  a  marble  slab,  and  alter  cooling,  serves 
for  the  purpose  of  making  printer's  inking  rollers,  elastic  figures,  galvano-plastie 
moulds,  Ac. 


PHOSPHORUS.  537 


Mamufactube  op  Phosphorus. 

oeneni  PropertiM.  Phosphorus  was  discoTered  in  1669  by  Brand,  at  Hamburg,  and 
prepared  by  him  from  urine.  In  1769,  Gahn,  a  Swedish  chemist,  first  prepared  this 
element  from  bones;  his  mode  of  preparation  being  improved  in  177 1  by  his 
celebrated  countryman,  Scheele.  Since  the  introduction  of  phosphorus  matches,  its 
manufacture  has  become  one  of  the  most  important  technical  operations.  Phos- 
phorus  occurs  largely  in  the  mineral  kingdom  as  phosphoric  acid,  but  for  the  manu- 
facture of  phosphorus  in  sufficient  quantity  only  in  such  minerals  as  apatite,  phos- 
phorite, and  stafifelite. 

Phosphorite  is  found  in  various  localities,  as,  for  instance,  near  Biez,  Weilburg, 
and  Amberg  and  Redwitz  in  Bavaria.    Some  of  this  phosphorite  is  very  rich  in 
phosphoric  acid,  a  sample  of  that  found  near  Diez  having  yielded  on  analysis  (by. 
Petersen,  1866),  3778  per  cent  of  phosphoric  acid,  corresponding  to  1606  per  cent  of 
phosphorus. 

Fir«pu»uon  of  phoaphonM.  Bouc-ash  is  uow  the  ouly  material  used  by  phosphorus  makers, 
as  the  commercial  preparation  of  pliosphorus  has  not  succeeded  by  using  either  apatite 
and  other  varieties  of  pure  phosphorite  which  contain  about  18' 6  per  cent  of  phos- 
phorus— as  well  as  sombrerite  (a  mineral  met  with  on  the  American  island  of  Som- 
brero), consisting  of  phosphate  and  carbonate  of  lime,  and  imported  into  England  for 
the  manufacture  of  superphosphates ;  or  the  Navassa  guano,  also  imported  from  the 
United  States,  containing,  according  to  Ulex's  researches,  one-third  of  its  weight  of 
phosphoric  acid;  or  phosphate  of  iron,  as  proposed  by  Minary  and  Soudray, 
by  Hiatilling  that  substance  with  previously  well-ignited  coke-powder. 

Bones,  as  used  by  the  manufacturers,  contain : — 

In  dry  state,  but  not  ignited,  from  11  to  12*0  per  cent  of  pho^horoB. 
As  bone-black  „    16  to  i8'o    „      „      »>        n 

Asbone-ash  (white  burnt  bones)  „    20  to  25*5    „      „      „        n 

The  composition  of  bone-ash  is  exhibited  by  the  following  results  of  analysia : — 

I.  3. 

Carixmate  of  lime    1007  9*42 

Phosphate  of  magnesia 2*98  2*15 

Tribasic  phosphate  of  lime    83*07  ^4'39 

Fluoride  of  calcium 3*88         4*05 

The  bone-ash  is  decomposed  by  means  of  sulphuric  acid,  according  to  a  plan  first 
suggested  by  Nicolas  and  Pelletier : — 

a.  Bone-ash,  CajfPOJa       \     ._i^    (Acid  phosphate  of  lime,  CaH4(P04)a 
Sulphuric  acid,  2HaS04  f  ^^^^  \  Sulphate  of  lime,  2CaS04. 

The  acid  phosphate  of  lime  is  heated  with  charcoal,  and  converted  by  loss  of  water 
into  metaphosphate  of  lime : — 

*•  J^*|(P04)a-2HaO=Ca(P03)a. 

Add  phosphate  Metaphosphate 

of  lime.  of  lime. 
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The  metaphosphate  of  lime  yields,  when  ignited  to  white-heat  with  charcoal,  two- 
thirds  of  its  weight  of  phosphorus,  while  one- third  remains  in  the  residue: 

*  *  (phosphorus,  4P. 

The  ordinary  mode  of  preparing  phosphorus  includes  the  following  operations: — 
In  some  instances  the  preparation  of  phosphorus  is  ootemporaiy  with  other 
businesses,  viz.,  glue-boiling,  the  preparation  of  sal-ammoniac,  yellow  pmasiate  of 
potash,  &c.,  but  generally  in  England  the  phosphorus  makers  do  not  even  bum  the 
bones  to  ashes,  but  purchase  bone-asli  and  occasionally  apatite ;  this  salt,  however, 
is  very  diihcult  to  treat  with  sulphuric  acid,  and  is  also  objected  to  on  account  of  its 
hardness,  for  it  has  to  be  ground  to  a  very  fine  powder.  English  makers  only  oany 
out  these  four : — 

1.  Burning  the  bones  and  grinding  tlie  bone-ash  to  powder. 

2.  Decomposition  of  tlie  bone-asli  by  sulphuric  acid,  and  evaporation  of  this  add 

phosphate  previously  mixed  with  cliarcoal. 

3.  The  distillation  of  the  phosphorus. 

4.  The  refining  and  preservation  of  the  phosphorus. 

^^'^to'lS.*  ^°**  ^-  Th®  bones  to  be  used  for  phosphorus  making  are  obtained 
either  from  bone-boilers  or  from  the  waste  bone-black  of  sugar-refiners.  The  aim 
of  the  Ignition  of  the  bones  is  tlie  complete  destruction  of  the  organic  matter.  The 
operation  is  conducted  in  a  kiln  very  similar  to  those  in  use  for  burning  lime.  A 
layer  of  brushwood  having  been  put  at  the  bottom  of  the  kiln,  bones  form  the  wsA 
stratum,  and  so  on  alternately.  The  wood  having  been  lighted,  the  oombns- 
tion  of  tJie  bones  ensues.  In  order  to  carry  oflf  the  fumes,  the  smell  of  which  is  very 
offensive,  a  hood  made  of  boiler-plate  is  placed  on  the  kiln,  and  either  connected  with 
a  tall  chinmey,  or  the  smoke  and  gases  are  conducted  into  the  fire  of  the  kiln  and 
burnt.  The  white  burnt  bones  are  withdrawn  tlirough  an  opening  reserved  in  the 
wall  on  purpose,  the  kiln  being  kept  continuously  in  operation,  as  is  the  case  with 
some  lime-kilns. 

100  kilos,  of  fresh  bones  yiold  from  50  to  55  kilos,  of  white  burnt  bone-aah,  which 
is  converted  into  a  coarse  powder  by  means  of  machinery. 

^^"{ysIuThSKdi"'*^'*  2-  100  kilos,  of  the  bone-ash,  of  which  about  80  per  cent 
is  tribasic  phosphate,  require  for  decomposition : — 

10673  kilos,  sulphuric  acid  of  1*52  sp.  gr. 

85*68      „  „  „    „   170  ,, 

7363       M  -  M     „   180 

Fayen  advises  that  for  100  kilos,  of  bone-ash  100  parts  of  sulphnrio  acid  at  50  per 
cent  or  1*52  sp.  ^.  be  taken,  Tlie  operation  of  mixing  the  acid  and  bone-ash  is 
effected  in  lead-lined  wooden  tanks,  or  in  wooden  tubs  inteniaUy  coated  with  pitcher 
coal-tar  asphaltc.  Th<^  liquor  dernnted  from  the  precipitate  has  a  sp.  gr.  of  1*05  to 
1*07  =  8°  to  lo**  B.  The  sediment  is  lixiviated  witli  water,  and  the  liquor  obtained 
(=  5*^  to  6""  B.)  evHporat'^d  with  tlie  first  liquor  in  leaden  pans.  A  second  lixiviation 
of  the  sediment  yields  a  fiuid  wliicli  is  used  instead  of  water  for  the  purpose  iA 
diluting  tlie  oil  of  vitnol.  The  evaporation  in  the  leaden  pans  (these  are  smaller,  but 
otherwise  similar  in  construction  to  those  used  for  evaporating  sulphuric  add)  il 
continued  until  tlie  fluid  has  attained  a  sp.  gr.  of  145  =  45''  B.,  when  it  is  mixed 
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with  charcoal-powder,  or  rather  granulated  charcoal,  of  the  size  of  small  peas,  in  the 
proportion  of  20  to  25  parts  of  charcoal  to  100  of  liquor,  and  quickly  dried  after 
having  heen  put  into  cast-iron  pots  placed  on  a  furnace. 

The  dry  mass  consists  of  phosphate  of  lime,  carbon,  and  water,  to  an  amount  of 
5  to  6  per  cent.  At  the  commencement  of  the  manufacture  of  phosphorus  the  idea 
prevailed  that  in  the  preceding  preparation  the  phosphoiic  acid  was  present  in  free 
state,  while  the  lime  had  combined  with  sulphuric  acid ;  but  Fourcroy  and  Van* 
quelin  finding  that  the  tri-basic  phosphate  of  lime  as  met  with  in  bone-ash 
(Ca3(P04)3)  was,  by  the  action  of  tlie  sulphuric  acid,  converted  into  add  phos- 
phate of  lime  (CaH4  (1^04)3),  supposed  that  more  sulphuric  acid  was  required, 
an  opinion  opposed  by  Javal,  who  proved  that  when  pure  phosphoric  acid  is  inti- 
mately mixed  with  carbon,  it  yields  only  a  small  quantity  of  phosphorus,  because  the 
acid  is  volatilised  at  a  temperature  lower  than  that  required  for  its  decomposition,  or 
rather  reduction  by  carbon.  Owing  to  the  presence  of  water  in  the  mixture,  there  is 
given  off  during  the  distillation  in  addition  to  oxide  of  carbon,  carburetted  and 
phosphuretted  hydrogen. 

Dtouikitkm  of  phocphonu.  3.  The  mixturc  of  acid  phospliate  of  lime  and  eharooal  is 
distilled  in  fire-clay  retorts  similar  in  shape  to  those  used  for  distilling  Nordhausen 
sulphuric  acid,  while  the  furnace  in  which  these  retoi*ts  are  placed  is  also  similar  in 
construction  and  holds  twelve  retorts  on  each  side.  The  body  of  the  retorts  is 
placed  on  the  side  of  the  fire,  wliile  the  neck  passes  tlirough  an  opening  in  the  wall 
of  the  furnace,  that  portion  of  the  wall  being  only  lightly  bricked  up,  as  the  retorts, 
after  the  distillation  is  finished  and  the  furnace  cooled,  have  to  be  removed,  in  order  to 
clear  out  the  residue  and  introduce  fresh  mixture.  Between  each  pair  of  retorts  is  left 
a  space  of  some  12  to  15  ceutims.,  in  order  to  afford  room  for  the  passage  of  the  flame. 
As  already  mentioned,  the  heat  causes  the  acid  phosphate  of  lime  (CaH4(P04)2),to  be 
converted  into  metaphosphate  of  calcium  (Ca(r03)2),  which,  with  increased  heat, 
gives  off  two-thirds  of  its  phosphorus,  there  being  left  in  the  retorts  one-third  in  the 
shape  of  tri-phosphate  of  calcium  (Ca5(P04)3).  The  receivers  used  in  Germany  are 
constructed  in  the  following  manner : — The  material  is  clay,  glazed.  The  receiver 
consists  of  two  parts,  one  of  which  is  a  cylindrical  vessel  open  at  the  top,  into 
which  the  other  part  fits,  and  is  fixed  by  means  of  a  rim  which  is  prolonged  so  as  to 
form  a  neck,  between  which  and  the  first  part  is  inserted  a  tube  fitted  on  the  neck  of 
the  retort,  while  the  other  end  of  this  tube  dips  for  about  10  centims.  into  the 
receiver,  the  latter  being  filled  with  water.  Into  each  retort  6  to  9  kilos,  of  the 
mixture  intended  to  be  operated  upon  are  introduced ;  the  retorts  are  then  placed  in 
the  furnace  and  the  brickwork  is  restored.  This  having  been  done,  the  fire  is 
kindled  and  kept  up  very  gently  for  some  time  in  order  to  dry  the  fire-clay  used  in 
joining  the  bricks.  The  receivers  are  filled  with  water  and  fitted  to  the  retorts. 
In  each  receiver  a  small  iron  spoon  is  placed  fastened  to  an  iron  wire  which  serves 
as  a  stem.  After  six  to  eight  hours'  firing  the  heat  has  been  so  much  increased  as  to 
cause  the  expulsion  of  any  moisture  left  in  tlie  material  placed  in  the  retorts,  while 
quantities  of  hydrocarbon  gases  and  oxide  of  carbon  are  formed  and  with 
sulphurous  acid  expelled.  Subsequently  other  gases  are  given  ofi^  and  because  they 
contain  some  phosphuretted  hydrogen  are  spontaneously  inflammable.  As  soon  as 
this  phenomenon  is  observed,  the  joints  of  the  receivers  and  apparatus  connecting  it 
with  the  retort  are  luted  with  clay,  care  being  taken  to  leave  by  the  insertion  of  an 
iron  wire  a  small  opening  for  the  escape  of  the  gases,  which  are  as  speedily  aa 
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possible  remoTed  hj  well-arranged  TentilAton  from  tha  bnildtng  in  whicli  tin 
furnace  is  placed.  The  appearance  of  anMwphons  pLoaphoraa  at  the  small  opening 
indicatea  the  commencement  of  the  distillation.  The  spoon  ia  then  plaead  in  tbs 
receiver  in  snch  a  direction  that  an/  pliosphomB  coming  otot  may  collect  in  IL 
Daring  the  progress  of  the  operation,  and  as  long  as  any  phoephoma  dintili  orcr, 
the  evolution  of  combustible  gasss  continues,  and  conseqoently  a  ■mall  Une-ooloand 
flame  ia  observed  at  the  opening  in  the  lute.  The  water  in  the  recetma  it 
'kofi  cool  during  the  operation.  After  fortj'-Bix  hours,  with  a  greatly  inenkaed  filing, 
a  foil  white-heat  is  reached,  and  the  quantity  of  phospborua  coming  ovcc  has 
decreased  so  much  as  to  make  a  continoatiou  of  the  ignition  process  waatafdL  lbs 
receivers  are  therefore  disconnected  from  the  retorts,  and  tlie  erode  phoaphorat,  a 
mixture  of  silicide  of  phosphorus,  carburet  of  phoaphoma,  amorphous  phoa{diaras,  and 
other  allotropic  modifications  of  this  element,  is  poured  into  a  tub  cmitaining  mlft- 
The  fiimace  having  become  cool  is  broken  up  and  the  retorts  are  removed,  the  cen- 
tenls  taken  out  with  an  iron  spatula,  and  the  retorts  replaced  after  lumng  baM 
re-filled  with  fresh  mixture.  loo  kilos,  of  the  mixture  yield  about  14-5  kiloa.  of 
crude  and  izG  kilos,  of  refined  plioaphorus.  As  to  Wohler's  method  of  preparing 
phoephorus  by  the  ignition  of  a  mixture  of  charcoal,  sand,  and  bone-ash.  the  proaeii 
ia  not  well  adapted  for  practical  use,  because  it  requires  a  Tery  high  tampeiatntii 
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irtiieh  would  melt,  or  nearly  so,  and  at  any  rate  soften,  the  retorts.  Horeover,  tlw 
proposed  mixture  contains  only  one-tliird  the  quantity  of  phosphoric  acid  met  witt 
in  dte  mixture  now  in  general  use. 

^*i£¥b^lt£^^  4*  ^'  already  stated,  the  crude  phosphorus  is  contaminated 
with  carbon,  silicium,  red  and  black  phoaphorua,  and  various  other  impnzitiea,  whidt 
in  former  days  were  eliminated  by  farcing  the  phosphoms  through  the  pores  of  atoot 
wash-leather  by  means  of  a  machine  exhibited  in  Fig.  357,  c  representing  a  ti^il^- 
tied  piece  of  wash-leatlier  containing  tha  crude  phosphorus,  the  bag  being  placed  a 
a  perforated  copper  support,  situated  in  a  vessel  filled  with  water  at  50*  to  60*.  Aa 
won  M  the  phoaphoroi  ia  molten,  there  ia  placed  on  the  waah-leather  «  woote 
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plate,  D  D,  which  by  the  aid  of  the  mechanical  arrangement  e,  and  Hke  lever,  a  o,  can 
be  forced  downwards  so  as  to  cause  the  fluid  phosphorus  to  pass  through  the  pores  of 
the  leather,  the  impurities  being  retained.  More  recently  French  manufacturers 
have  introduced  another  system  of  purifying  phosphorus,  viz. :— a.  By  filtration 
through  coarsely-powdered  charcoal,  which  is  placed  in  a  layer  of  6  to  10  centims.  on  a 
perforated  plate  of  the  vessel  a,  Fig.  258,  two-thirds  filled  with  water,  kept  by  means  of 
the  water-bath,  b,  at  a  temperature  of  60*".  The  molten  phosphorus  placed  on  a  passes 
through  the  layer  of  charcoal,  and  is  thereby  purified.  It  flows  through  the  open 
tap  c  and  the  tube  e,  being  collected  in  the  vessel  f  filled  with  water,  maintained  by 
means  of  the  water-bath,  o,  at  a  temperature  sufficiently  high  to  render  the  phos- 
phorus fluid,  so  that  it  may,  when  aided  by  hydraulic  pressure,  pass  through  the 
perforated  bottom,  h,  and  the  wash-leather  spread  over  it.  The  filtered  phosphorus 
may  be  run  off  by  means  of  the  tap  j. 

According  to  another  process  of  purification  (&),  porous,  unglazed  porcelain  or 
earthenware  plates  are  fixed  in  an  iron  cylinder  connected  with  a  steam-boiler.  The 
steam  yielded  by  the  latter  forces  the  molten  phosphorus — ^previously  mixed  with 
eharcoal  powder  for  the  purpose  of  preventing  the  pores  of  the  plates  becoming 
choked — through  the  earthenware  plates.  The  charcoal  containing  some  phosphorus 
is  used  in  the  distillation  of  the  phosphorus.  This  method  of  purification 
yields  from  100  kilos,  of  crude,  95  kilos,  of  refined,  phosphorus.  In  Germany  crude 
phosphorus  is  purified  by  distillation,  this  operation  being  carried  on  in  iron  retorts 
of  a  peculiar  make  and  shaped  like  the  glass  retorts  used  in  chemical  laboratories. 
The  neck  of  these  retorts  dips  for  a  depth  of  15  to  20  millimetres  in  water  contained 
in  a  basin  filled  to  the  rim,  so  that  any  phosphorus  which  is  discharged  into  this 
water  causes  it  to  overflow.  The  crude  phosphorus  having  been  fused  under  water 
is  next  mixed  with  12  to  15  per  cent  of  its  weight  of  moist  sand,  and  this  mixture  is 
placed  in  the  retorts  in  quantities  of  5  to  6  kilos.,  the  object  of  the  mixing  with  sand 
being  to  prevent  the  phosphorus  becoming  ignited  during  the  filling  of  the  retorts. 
Crude  anhydrous  phosphorus  yields  by  this  process  of  distiUstion  about  90  per  cent 
of  the  refined  product.  In  a  phosphorus  manufactory  at  Paris  the  crude  phosphorus 
is  purified  by  chemical  means,  viz.,  by  mixing  with  100  kilos,  of  the  crude  substance 
3*5  kilos,  of  sulphuric  acid  and  the  same  quantity  of  bichromate  of  potash;  a  slight 
effervescence  ensues,  but  the  result  is  that  the  phosphorus  is  rendered  very  pure,  and 
may,  after  washing  with  water,  be  at  once  cast  in  the  shape  of  sticks.  The  yield  of 
refined  phosphorus  by  this  process  is  96  per  cent 

*'**'*pSI^1SI*'^  It  has  long  been  the  custom  to  mould  phosphorus  into  the  shape 
of  sticks  formed  by  the  aid  of  a  glass  tube  open  at  both  ends,  one  of  these  being  placed 
in  molten  phosphorus  covered  by  a  stratum  of  warm  water.  The  liquid  phosphorus 
is  sucked  by  the  operator  into  the  tube  until  it  is  quite  filled.  The  lower  opening  of 
the  tube  being  kept  under  water  is  closed  by  the  finger  of  the  operator ;  the  tube  is 
instantly  transferred  to  a  vessel  filled  with  very  cold  water,  by  which  the  phosphorus 
is  solidified.  It  is  removed  from  the  glass  tube  by  pushing  it  out  with  a  glass  rod  or 
iron  wire  while  being  held  under  water.  Instead  of  suction  by  the  mouth,  a 
caoutchouc  bag  similar  to  that  used  in  volumetric  analysis  for  the  purpose  of  sucking 
liquids  into  pipettes  may  be  employed.  In  the  French  phosphorus  works  the  glass 
tubes  are  fitted  at  the  top  with  an  iron  suction  tube  provided  with  a  stop-cock.  The 
operator,  who  has  from  one  to  two  thousand  of  these  tubes  at  his  disposal,  sucks, 
either  by  mouth  or  with  a  caoatchooc  bag,  the  molten  phosphorus  into  the  glass  tuha> 


M» 


CIIEillCAL  TSCBNOLOOr. 


and  hftving  tuniod  off  tlie  Blop-eock,  rapidly  transfera  the  tube  to  ft  voaad  filled  with 
oold  vater.  When  all  the  tubus  aie  filled  the  phoaphonu  u  remored  fay  opening  the 
slop-cock  and  pualiiug  Uie  stick  out  b;  tlie  aid  of  a  wire.  A  olevar  workman  nia^ 
mould  ill  thia  way  z  cwtx.  of  phosiihorua  dailj. 

Another  mode  of  perfonniiii;  the  monlding  bee  been  introdnced  by  Senbert.  The 
apparatus  contrivud  by  liim  for  tliie  porpoae  ia  exliibited  in  Fig.  260,  and  ooauats  of 
a  coppur  boiler  fitted  oa  a  famace ;  to  the  flat  bottom  of  thia  boiler  ia  fastened  by 
hard  solder  an  open  copper  trou^b  comiuonicating  with  the  water-tank.  c.  In  the 
iMtiler  ia  fitted  a.  copper  funnel,  a,  provided  with  a  horizontal  tuba,  b.  This  portion 
of  the  apparatus  ia  iutcudtid  fur  the  reception  of  tlie  phoaphonia,  of  which  it  will 
hold  a  to  10  kiloB.  At  the  end  of  the  horisontal  tabe,  b,  ia  placed  a  stopHMck,  b, 
wliile  the  portion  of  the  projecting  mouth  of  the  tube  beyond  the  oook  is  widened 
out  and  fitted  by  means  of  bolts  and  nuts  with  a  tiange-like  copper  plate.into  which  an 
inserted  two  glass  tubes,  a  a.  Into  the  copper  trough  ii  let  a  wooden  partition,  0  e, 
which  serves  the  purpose  as  well  of  supporting  tlie  glass  tubes  aa  of  preventing 
the  communication  of  the  hut  water  in  the  boiler  and  a  portion  of  the  troB){h 
with  the  cold  wator  of  the  tank  and  the  portiou  of  trough  nearest   to  IL     Th» 


vessel  A  having  boen  filled  witli  refined  phoaphonis,  the  water  in  D  is  gently  wanned 
so  as  to  canse  the  fusion  of  tlic  phosphorus.  As  tlie  warm  water  reaches  to  the 
partition,  c  c,  it  is  clear  tliat  on  opening  and  closing  the  tap  n,  some  phoaphfnus  will 
|Mas  tlirough  and  flow  out  of  Ute  tnbea  a  n.  but  thnt  remaining  in  these  t1lb«a  wSl 
solidify,  and  on  opening  the  tap  n  again  the  solid  sticks  of  phosphonu  may  ha 
removed  from  the  glass  tubes  by  taking  hold  of  the  piece  of  projecting  phospbonSf 
the  phOBphoms  being  immediately  immersed  under  n-atcr  in  the  tank  c,  and  kept 
there  protected  from  the  action  of  the  light.  While,  according  to  SenUert,  it  woald 
be  possible  for  a  workman  to  mould  in  an  hour's  time  30  to  40  kilos,  of  phoqAons, 
Fleck  has  fonnd,  tliat  under  Uie  most  favourable  conditions  of  temperaton,  it  takas 
rix  hours  to  mould  50  kilos,  of  phosphorus.  If  it  is  desired  to  prepare  granslated 
phosphorus  with  this  apparatus,  a  stratum  of  6  to  8  centime,  thickness  of  hot  wataria 
go  oanfully  poured  on  cold  water  as  not  to  mix  ;  next  the  lap  a  is  opened  anlkdeallf 
to  eaaM  the  phoflphonu  to  form  drops,  whiioh,  immediately  «i  Uling  urta  th*  «qU 
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water,  becomes  a  hard  solid  mass.  For  practical  purposes  granulated  piio^homs  is 
preferable  to  the  moulded  sticks.  The  phosphorus  is  stored  either  in  strong  sheet- 
iron  tanks  or  in  wooden  boxes  lined  with  thinner  (tinned)  sheet-iron,  these  vessels- 
being  capable  of  holding  6  cwts.  of  phosphorus  covered  with  a  stratum  of  water  fullj 
3  centims.  deep.  When  large  quantities,  say,  from  i  to  5  cwts.,  of  phosphorus  hav» 
to  be  sent  off,  it  is  usually  packed  in  water  in  small  wine  casks,  and  the  casks  having 
been  tightly  closed,  are  coated  externally  with  molten  pitch,  then  rolled  through 
chaff,  and  lastly  covered  with,  stout  canvas  sewed  tightly  round  the  cask.  Another 
method  of  packing  phosphorus  consists  in  placing  it  in  well-made  water-tight  sheet- 
iron  or  tinned  iron  canisters,  such  as  are  largely  used  in  London  for  the  purpose 
more  particularly  of  conveying  oil  paints,  and  which  are  closed  by  soldering  on  a  lid 
very  securely.  In  some  cases  these  canisters  are  packed  in  wooden  boxes  to  the 
number  of  six  or  twelve  according  to  size  and  weight. 

^^pSjRphoJJhSlS **  Among  the  many  suggestions  as  to  the  preparation  of  phos- 
phorus, we  may  mention  Donovan's  plan  of  obtaining  this  element  by  the  calcination 
of  a  mixture  of  finely  divided  charcoal  and  phosphate  of  lead,  prepared  by 
digesting  10  kilos,  of  broken-up  bones  with  6  kilos,  of  nitric  acid,  and  40  litres 
of  water ;  tliis  liquid,  after  having  been  decanted  from  the  gelatinous  material  of  the 
bones,  is  treated  with  a  solution  of  8  kilos,  of  acetate  of  lead.  The  washed  and 
dried  precipitate  of  phosphate  of  lead  is  next  ignited,  and  afterwards,  when  cold, 
mixed  with  one-sixth  of  its  weight  of  lamp-black  or  charcoal  powder.  Cari-Mon- 
trand  exposes  a  mixture  of  bone-ash  and  carbonaceous  matter  at  red  heat  to  the 
action  of  hydrochloric  acid  gas : — 

Calcium  tri-phosphate,  Ca3(P04)a  ^  f  Pliosphorus,  P, 


Carbon,  8C 
Hydrochloric  acid,  6C1H 


.'^lA  '  Chloride  of  calcium,  3CaCl 
y*®^^  Hydrogen,  3Ha 
'  \  Carbonic  oxide  gas,  SCO 

Neither  of  these  methods  have  been  tried  practically  on  the  large  scale. 
piMk't  proeML  By  this  method  the  preparation  of  phosphorus  is  allied  to  that  of 
glue-  and  size-making.  The  process  is  based  upon  the  solubility  of  phosphate  of 
lime  in  hydrochloric  acid,  and  the  separation  of  an  acid  phosphate  of  lime  on  the 
evaporation  of  the  solution,  carried  on  in  earthenware  evaporating  basins.  Theo- 
retically, 156  parts  of  tribasic  phosphate  of  lime  (Ca3(P04)2)  require  73  parts  of 
anhydrous  hydrochloric  acid,  whereby  are  formed — of  chloride  of  calcium,  in  ;  of 
acid  phosphate,  100 ;  and  of  water,  18  parts.  By  the  ignition  of  100  parts  of  acid 
phosphate  of  lime  with  20  parts  of  carbon,  are  generated— of  phosphorus,  21*3 ; 
of  tri-phosphate  of  lime,  52  ;  and  of  oxide  of  carbon.  467  parts. 

By  re-heating  the  tri-phosphate  of  lime  remaining  in  the  retorts  with  hydro- 
chloric acid  another  portion  of  acid  phosphate  of  lime  might  be  obtained ;  and  as  far 
as  experiments  have  been  made,  it  is  proved  that  it  is  possible  to  extract  all  the 
phosphorus  contained  in  bones,  by  working  with  hydrochloric  acid  free  from 
sulphuric  acid,  and  carefully  evaporating  the  acid  solution  thus  obtained.  Practi- 
cally the  process  includes  tlie  following  operations: — i.  Cleaning,  breaking  up,  and 
exhausting  the  bones.  2.  The  evaporation  of  the  acid  liquid ;  crystallisation  of  the 
acid  phosphate,  and  mixing  of  the  latter  with  charcoal.  3.  The  distillation  and  purifi- 
cation of  the  phosphorus ;  and  finally, — 4.  The  glue  boiling.  Tlie  bones,  previously 
crushed  and  deprived  by  boiling  of  the  fat  they  contain,  are  macerated  in  dilute  hydro- 
chloric acid  at  y"  B.=sp.gr.  1*048, and  tlien  in  a  stronger  acid  at  30'*  B.=sp.  gr.  i*246> 
in  which  the  bones  are  left  until  they  have  become  quite  soft.    The  liquid  whicbLV^s^& 
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served  this  purpose  is  afterwards  employed  with  water  in  preparing  the  fizrt  add 
liquor  for  the  exhausting  of  tlie  bones.  The  first  liquor,  a  solution  of  add 
phosphate  of  lime  (superphosphate)  and  cliloride  of  caldum,  obtains  a  sp.  gr.  of 
i*ii8=  i6°  B.  This  acid  liquid  is  evaporated,  but  this  operation  cannot  be  pro- 
ceeded with  in  leaden  yessels,  and  tliere  is  some  difficulty  in  finding  very  large 
evaporating  basins  made  of  porcelain  or  eartlienware  which  will  answer  the 
purpose.  As  soon  as  tlie  liquor  has  reached  a  density  of  30**  B  =  sp.  gr.  1*246,  it  is 
sufficiently  concentrated  to  crystallise;  on  cooling,  the  crystals,  haying  been  by 
means  of  pressure  separated  from  tlie  mother-liquor,  are  mixed  with  one-fourth 
of  their  weight  of  charcoal  powder.  They  are  then  heated  to  100**  in  the  porcelain 
or  earthenware  vessels,  so  as  to  obtain  a  dry  mass  which  admits  of  being  sifted 
through  a  copper-wire  gauze  sieve,  after  which  the  material  is  put  into  peculiarly 
shaped  retorts  and  calcined  for  tlie  purpose  of  yielding  phosphorus.  The  residue 
left  in  the  retorts  is  afterwards  calcined  with  access  of  air  so  as  to  bum  off  the 
diarcoal,  and  the  remaining  phosphate  of  lime  is  again  treated  with  strong  hydro- 
chloric acid,  yielding  a  concentrated  liquor  wliich  does  not  require  much  eT^^ration. 
The  phosphorus  obtained  by  this  process  is  refined  as  already  described,  the 
softened  bones  being  treated  for  glue  and  size, 
oenieia.  oeriAnd.  Minary,         Accordlng  to  a  commuuication  published  by  Q^ntele  in 

•sd  Roodry*  MethodN  of  ^^  i-,,  - 

Frqwiing  phoftphonu.  1 857,  upou  a  plau  of  phosphorus  manuntcture,  he  eom- 
bines  that  industry  with  the  preparation  of  sal-ammoniac.  The  bones  are  treated 
with  hydrochloric  acid.  To  the  resulting  solution  crude  carbonate  of  ammonia  is 
added ;  this  substance  beiug  obtained  as  a  by-product  of  the  manufacture  of  animal 
cliarcoal.  The  phosphate  of  lime  precipitated  is  employed  in  the  preparation  of 
phosphorus,  while  the  solution  of  chloride  of  ammonium  is  evaporated  and  sublimed. 
Gerland  (1864)  suggests  the  treatment  of  bones — first,  with  an  aqueous  solution  of 
sulphurous  acid,  the  heating  of  the  liquor  obtained  with  the  view  of  expelling  the 
acid,  which  being  again  absorbed  by  a  layer  of  coke  (a  coke  column  such  as  used  in 
alkali  works  to  absorb  hydrocliloric  acid),  the  phosphates  first  held  in  solution  are 
precipitated  by  the  elimination  of  tlie  sulphurous  acid.  Minary  and  Soudry  (1865) 
proposed  to  prepare  phosphorus  from  a  mixture  consisting  of  phosphate  of  iron  and 
well-ignited  coke. 

FroptftiM  of  phoflphornB.  When  perfectly  pure  and  kept  under  distilled  water,  which 
previously  to  being  employed  for  this  purpose  has  been  by  boiling  deprived  ci  the 
air  it  held  in  solution,  and  has  been  cooled  either  under  a  layer  of  oil  or  in 
well-stoppered  bottles,  and  in  perfect  darkness,  phosphorus  is  a  colourless  and  traus- 
parent  substance ;  but  usually  it  has  a  white-yellow  colour  and  waxy  appearance. 
Its  sp.  gr.  is  =  1*83  to  1*84.  Wlien  the  temperature  of  the  air  is  not  too  low 
this  element  is  as  soft  as  wax,  but  becomes  brittle  in  cold  weather.  Phosphorus 
cannot  be  pulverised  ;  is  tough  ;  but  when  molten  in  a  bottle  under  waim  water  and 
shaken  until  the  fluid  is  quite  cold,  tlie  substance  is  thereby  reduced  to  a  finely 
•divided  state ;  instead  of  water  it  is  better  to  use  either  alcohol,,  urine,  or  a  weak  . 
aqueous  solution  of  urea.  Phosphorus  fuses  at  44**  to  45**,  and  remains,  espedally  if 
kept  under  an  alkaline  solution,  fluid  for  a  considerable  time  though  cooled  far  bdow 
its  melting-point,  but  solidifies  suddenly  when  touched  by  a  solid  body.  At  296* 
phosphorus  boils,  and  it  evaporates  sensibly  at  the  ordinary  temperature  of  the  air. 
By  slow  oxidation  (fumes  of  pliosphonis  are  given  ofl*  at  the  ordinary  temperature  of 
Ihe  air)  there  is  formed  not  only  phosphorous  acid  but  nitrate  of  ammonia  and 
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ontozone.  I^osphorus  is  in  the  state  of  Tspoiir  slightly  solable  in  witter.  The  soUd 
element  itself  is  slightly  solable  in  alcohol  and  ether,  also  in  linseed  oil  snd  oil  of 
turpentine,  the  best  solvents  being  sulphide  ot  carbon,  chloride  of  sulphur,  and 
chloride  of  phosphorus.  At  75°  phosphorus  ignites  in  contact  with  air,  and  in  order 
to  ignite  it  by  friction  this  temperature  Itas  to  be  reached.  Amorphous  or  red 
phosphorus  requires  a  very  high  temperature  (300°)  for  ignitton.  Commercial 
.  phospboms  usually  contains  some  impurities,  such  as  sulphur,  arsenic,  and  sometimes 
traces  of  calcium,  due  to  the  Ume  of  the  bone-ash  used  in  the  preparation.  Beside 
being  used  in  chemistry,  phosphorus  is  chiefly  employed  in  the  making  of  matches ; 
also  for  what  is  termed  liquid  fire  (a  solution  of  phosphorus  in  sulphide  of  carbon), for 
the  preparation  of  tar  colours,  and  foe  hardening  some  copper  alloys. 

jUHK^aaoiBxiniHpbiinii.  Dr.  Schrotter,  of  Vienna,  discoTered  in  1848  that  the 
property  possessed  by  ordinary  phosphorus  (first  noticed  in  1844  by  £.  Kopp) 
of  becoming  coloured  red  by  the  action  of  light,  was  due  to  the  formation  of  an 
allotropic  modification,  which  has  been  since  termed  red  or  amorphous  phosphoma. 
This  is  best  prepared  by  heating  ordinary  phosplioras,  with  exclusion  of  air  and 
water,  in  a  closed  vessel  and  under  pressure,  to  350°  for  a  length  of  time.  On  the 
la^e  scale  this  operation  is  conducted  in  an  apparatus  invented  by  A.  Albright,  of 
Birmingham.  In  Fig.  261,  g  represents  a  glass  or  porcelain  vessel,  iilled  for 
five-sixths  of  its  capacity  with  pieces  of  phosphorua  to  be  heated  to  230°  to  250°. 
The  vessel /is  placed  in  a  sand-bath,  6,  heated  by  the  fire.  To  the  vessel  7  is  fitted 
an  air-tight  lid,  into  which  is  fastened  the  bent  tube,  i,  provided  with  e  tap,  A-,  and 
dipping  into  the  vessel  n,  which  is  filled  with  water,  or  preferably  with  mercury 
covered  with  a  layer  of  water.  Tlie  lap,  k,  is  left  open  at  the  commencement  of  the 
opention  for  secnring  the  escape  of  the  air  contained  in  g,  and  as  soon  oB  no  more 
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r  escapes  the  tap  is  dosed,  and 
the  heat  increased  so  aa  to  con- 
vert the  ordinary  into  amorphous 
phoaphoms.  The  time  required  for 
the  operation  depends  upon  con- 
ditions which  can  only  be  met  by 
experience.  After  the  thorough 
cooling  of  the  aiq>aratuB,  the  vessel 
g  is  (q>ened,  and  the  red  phos- 
phorus removed.  It  is  then  placed 
under  water  and  crushed  to  a  pulp 
in  order  to  remove  any  uncon- 
verted ordinary  phosphoms.  Sul- 
phide of  carbon  might  be  need  for 
this  purpose,  but  the  danger  of 
ignition  (by  accident)  of  the  solu- 
tion of  ordinary  phosphorus  thus 
obtained  is  prohibitive.  Nioklis  proposes  to  separate  ordinary  from  amorphous 
phosphorus  by  shaking  up  the  mixture  of  amorphous  and  ordinary  phosphorus  with 
a  fluid,  the  specific  gravity  of  which  is  less  than  that  of  amorphous  phosphorus  (21), 
and  greater  than  that  of  ordinary  phosphorus  (t  84)  A  solution  of  chloiide  of  cal- 
cium at  38°  to  40°  B.  can  be  used  for  this  purpose ;  the  ordinary  phosphorus  floats  in 
this  floid  and  can  then  be  readily  taken-iip  by  svlpbide  of  carbon,  while  the  operatioa 
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can  be  carried  on  in  a  closed  vessel.  When  yery  large  quantities  of  amoiplunia 
phosphorus  have  to  be  purified  it  is  best  to  follow  Coignet*B  plan,  consiatin^  in 
treating  the  boiling  mixture  of  the  two  Tarietios  of  phosphorus  with  caustic  soda 
solution,  whereby  the  ordinary  phosphorus  is  converted  into  phosphoretted  hydrogen 
gas  and  hypophosphite  of  soda  is  formed,  the  remaining  amorphous  phosphoms 
being  purified  by  washing  with  water.  R.  Bottger  suggests  the  use  of  a  solntian  of 
sulphate  of  copper,  which  with  ordinary  phosphorus  forms  phosphnret  of  copper. 

'"'''•'JjJJJJjJj;;^"  This  substance  occurs  either  in  powder  of  a  red  or  scaikt 
colour  or  in  lumps  of  a  red-brown  hue;  fracture  conchoidal,  sometimes  with  an 
iron-black  hue;  sp.  gr.  =  2'i.  Amorphous  phosphorus  is  not  soluble  in  sulphide 
of  carbon  or  other  solvents  of  ordinary  phosphorus.  It  is  unaltered  by  ezposnre  to 
air;  and  when  heated  to  290*"  is  re-converted  into  ordinary  phosphorus.  When 
mixed  and  rubbed  with  dry  bichromate  of  XK)tash  red  phosphorus  does  not  explode, 
and  when  mixed  with  nitre  it  does  not  bum  off  by  friction,  but  only  by  application 
of  heat  and  then  noiselessly.  It  explodes,  however,  when  mixed  with  ffhlqratft 
of  potash.  With  peroxide  of  lead  amorphous  phosphorus  ignites  by  friction  with  a 
slight  explosion,  but  when  heat  is  also  applied  a  violent  explosion  ensues. 

Owing  to  its  properties  and  behaviour  with  several  oxides,  moreover  its  non-Tola- 
tility  and  non-poisonous  properties,  amorphous  phosphorus  is,  as  well  as  on  aoooont 
of  its  less  ready  ignition,  an  excellent  material  for  the  making  of  matches ;  but 
amorphous  phosphorus  is  not  in  general  use  for  this  purpose.  It  is,  however,  used 
for  preparing  iodide  of  pliospliorus,  which  serves  for  tlie  preparation  of  iodides 
of  amyl,  etliyl,  and  methyl,  used  in  the  manufacture  of  cyanin,  ethyl  violett  and 
other  coal-tar  colours.  Sir  William  Armstrong's  explosive  mixture  for  ahdls 
contains  amorphous  phosphorus  and  clilorate  of  potash.  From  66,000  owta.  of  bones 
there  are  annually  prepared  in  Europe  some  5500  cwts.  of  phosphoms. 


liEQUlSlTKS   FOR   PRODUCING   FlBE. 

o«BenUiiM  and  Hirtory.  According  to  the  writings  of  the  ancients,  Prometheus  diew 
fire  from  stones  by  their  concussion.  The  Homans  rubbed  together  two  pieces  of 
hard  wood  for  producing  by  friction  sufficient  heat  to  ignite  diy  leaves  fiJlen  fitSB 
trees ;  while  Darwin  and  the  Prince  of  Neuwied  state  that  the  uncivilised  noes  of 
man  obtained  fire  by  the  rapid  rotation  of  two  pieces  of  wood.  Turners  at  the  pre- 
sent day  employ  friction  in  the  carbonisation  of  wood  for  ornamental  porpoaes. 
During  Titus's  reign  the  Romans  obtained  fire  by  rubbing  decayed  wood  between 
two  stones,  along  with  a  small  thin  roll  of  sulphur.  In  the  fourteenth  centnxy,  die 
tinder 'box,  with  tlic  flint  and  steel,  became  known,  and  also  the  so-called  CknnaB 
tinder,  a  prepared  cryptoganiic  plant.  Till  1820  these  remained  generally  the 
chief  means  of  obtaining  fire,  aided,,  of  course,  by  the  wooden  splints  tipped  with 
sulphur. 

In  the  year  1823,  Dobereiner,  at  Jena,  discovered  that  finely  divided  spongy 
platinum  has  the  property  of  igniting  a  mixture  of  atmospheric  air  and  hydrogen 
gas,  and  he  contrived  the  so-called  Dobereiner  hydrogen  lamp,  which  has  been,  anl 
is  still,  occasionally  employed  to  procure  fire  and  light.  About  the  same  period 
there  was  invented  a  kind  of  phosphorus  match  of  tlie  following  arrangement 
Equal  parts  of  sulpliur  and  phosphorus  wore  cautiously  fused  in  a  glass  tube ;  after 
the  fusion  was  completed  tlie  tube  was  tightly  corked.    If  it  were  desired  to  obtain 
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fire,  a  thin  splint  of  wood  was  immersed  in  this  mixture,  and  some  of  it  having  been 
fixed  to  the  wood,  the  latter  on  being  brought  into  the  air  became  ignited  bj 
the  combustion  of  the  mixed  substances,  which  took  fire  spontaneously  in  the  air. 
It  is  evident  that  this  rather  clumsy  contrivance  never  became  general.  Of  fiEur 
more  importance  as  suited  for  practical  purposes  were  the  chemical  matches  or  dip 
splints,  first  manufactured  at  Vienna,  as  early  as  1812.  These  splints  were  tipped 
with  sulphur  covered  with  a  mixture  of  chlorate  of  potash  and  sugar,  to  whieh 
for  the  purpose  of  imparting  colour  was  added  some  Vermillion,  while  a  little 
glue  gave  a  pasty  and  adhesive  consistency. 

By  touching  this  composition  with  concentrated  sulphuric  acid  ignition  ensued ; 
the  acid  was  kept  in  a  small  glass  or  leaden  bottle  into  which  some  asbestos  had 
been  inserted,  which  acted  as  a  sponge  for  the  acid.  The  only  friction  matches 
known  up  to  the  year  1844  were  discovered  and  made  by  M.  Chancel,  assistant  to 
the  well-known  Professor  Thenard  of  Paris,  1805.  The  Prometkeam^  first  made  in 
England  in  or  about  the  year  1830,  were  contrived  on  the  same  principle,  viz.,  the 
ignition  by  friction  between  two  hard  substances  of  a  mixture  of  chlorate  of  potash 
and  sugar  fixed  to  a  kind  of  paper  cigarette,  which  contained  also  a  small  glass 
globule  filled  with  sulphuric  acid ;  however,  the  high  price  of  this  kind  of  match 
prevented  its  general  use.  Under  the  name  of  Gongreves  the  first  real  friction 
matches  were  made  in  1832.  On  the  sulphur-tipped  splints  was  glued  a  small 
quantity  of  a  mixture  of  i  part  of  chlorate  of  potash  and  2  parts  of  black  sulphuret  of 
antimony,  to  which  some  gum  or  glue  was  added.  By  strongly  pressing  this  compo- 
sition between  two  pieces  of  sand-paper  the  mixture  became  ignited,  but  frequentij 
also  on  becoming  detached  from  the  wooden  splint  flew  about  in  all  directions  with- 
out igniting  the  sulphur  or  the  wood.  It  is  not  weU  known  who  was  the  first  to 
substitute  phosphorus  for  sulphuret  of  antimony;  but  according  to  Nickl^s  phos- 
phorus matches  were  already  in  use  in  Paris  as  early  as  1805,  while  in  1809  Derepas 
proposed  to  mix  magnesia  with  phosphorus  in  order  to  lessen  its  great  inflammability 
when  in  finely  divided  state.  Derosne  (18 16)  appears  to  have  been  the  first  who 
made  phosphorus  friction  matches  at  Paris.  However,  it  was  not  before  the  middle 
of  1833  ^^^  phosphorus  matches  became  more  generally  known,  when  Preshel,  at 
Vienna  (this  city  is  famous  for  the  match  and  fusee  industry  in  Germany),  made  not 
only  phosphorus  matches,  but  also  fusees  and  German-tinder  slips  tipped  with  the 
phosphorus  composition.  About  the  same  period  F.  Moldenhauer,  at  Darmstadt, 
made  phosphorus  lucifer  matches.  The  South  Germans  attribute  to  Kammerer  the 
invention  of  phosphorus  lucifer  matches,  while  in  England,  according  to  the  opinion 
of  the  late  celebrated  Faraday,  John  Walker,  of  Stockton,  Durham,  was  the  inventor 
of  lucifer  matches,  or  at  least  the  first  maker.  The  older  kind  of  matches,  although 
very  combustible,  ignited  with  a  rather  sharp  report,  owing  to  the  presence  of  chlorate 
of  potash  in  the  mixture,  while,  moreover,  the  too  ready  ignition  by  concussion 
rendered  the  transport  of  these  matches  so  unsafe,  that  in  Germany,  the  transport, 
as  well  as  the  manufacture,  became  prohibited.  In  the  year  1835  Trevany  substi- 
tuted a  mixture  of  red-lead  and  manganese  for  a  portion  of  the  chlorate  of  potash, 
thereby  greatiy  improving  the  composition.  In  1837  I^eshel  altogether  discarded 
this  salt,  substituting  peroxide  of  lead,  or,  as  Bottger  advised,  either  a  mixture  of 
red-lead  and  nitrate  of  potash,  or  of  peroxide  of  lead  and  nitrate  of  lead.  From  this 
period  the  manufacture  of  matches  became  an  extensive  industry,  greatly  aided  by 
the  manniactore  of  phosphorus  on  the  large  scale. 
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In  tlic  course  of  time  other  improvements  were  made,  as,  for  inataooe,  the 
substitution  for  sulphur  of  wooden  splints,  thoroughly  dried  and  soaked  in  wax, 
paraffin,  or  stearic  acid,  tlie  coating  of  the  composition  with  a  Yamiah  to  protect  it 
from  the  action  of  moisture,  wliile,  at  the  same  time,  the  external  appearance  of 
the  matches  was  rendered  more  ornamental.  At  the  present  day  matchea  are  a 
product  of  an  industry  which  cannot  possibly  be  much  more  improved  in  a  teehnial 
point  of  view,  being  also  a  product  which,  as  regards  its  price,  is  within  the  reach 
of  all. 

However  useful  phospliorus  lucifer  matches  may  be,  it  is  a  great  drawback  to  their 
utility  tiLat  tlie  combustible  composition  is  a  poisonous  mixture,  while,  nuKreoYer,  the 
workpeople  engaged  in  that  department  of  the  lucifer-match  wialring  in  which  the 
phosphorus  is  handled  are  often  aifected  by  a  peculiar  kind  of  caries  of  the  jaw- 
bones, the  real  cause  of  wliich  is  tlie  more  difficult  to  ascertain  as  the  workpeople 
engaged  in  the  manufacture  of  phosphorus  and  exposed  to  its  vapours  to  such  aa 
extent  as  to  render  their  breath  luminous  in  the  dark  are  not  similariy  afieeted. 
The  discovery  of  the  red  or  amorphous  phosphorus,  which  is  neither  poisomoos  nor 
very  intlauimable,  affords  a  happy  substitute  for  the  ordinary  phosphorus,  but  tht 
former  is  by  no  means  generally  used  in  the  preparation  of  matches. 
ManufwtnijM^Ludfa      The  opcratious  required  are : — 

1.  The  preparing  of  the  splints  of  wood. 

2.  The  mixing  of  the  combustible  composition. 

3.  The  dipping,  drymg,  and  packing  of  the  matches. 

I.  The  Preparation  of  the  Wooden  ISplintt. — Generally  white  woods  are  used  £or 
this  purpose,  such  as  white  iir,  pine  wood,  aspen,  more  rarely  fir  wood  (Fohrenholi)* 
sometimes  beech  wood,  lime-tree  wood,  birch,  willow,  poplar  wood,  and  cedar.  Ths 
shape  of  the  splints  is  usually  square  in  section,  but  abroad  the  splints  are  some- 
times cylindrical.  The  square  splints  are  readily  made  by  hand,  simply  by  splitting 
up  a  block  of  wood  having  the  lengtli  required  for  the  splint  A  catting  tool,  a  large 
knife,  similar  to  that  which  is  sometimes  used  by  cliaff-cutters,  is  very  fireqnently 
used  for  tlie  purpose  of  cutting  the  wooden  splints,  while  a  contrivance  similar  to 
that  in  use  for  propelling  the  hay  or  straw  forward  is  also  employed,  being  N 
arranged  as  to  propel  the  wood  after  every  cutting  stroke  the  length  required  for  a 
splint.  More  generally  tlie  operation  of  splitting  the  block  of  wood  parallel  to  ill 
fibres  and  next  cutting  off  the  splints  to  the  required  length  is  effected  by  machineiy 
consisting  of  fixed  knives,  against  wliich  the  wood  is  moved  with  sufficient  force  to 
split  it  up  into  splints,  which  ore  next  cut  to  the  required  length.  Twafooii  of 
splitting  tlie  wood  by  those  means,  the  splints  are  now  in  Germany  always  made  by 
a  kind  of  plane,  invented  by  S.  Homer,  of  Vienna,  by  which  the  wood  is  cot 
iip  into  circular  splints.  The  cutter  of  this  plane  differs  from  that  of  the  ordinsij 
carpenter's  plane,  by  possessing,  instead  of  the  cntting  edge,  a  slight  bend,  in  wfaidi' 
three  to  five  holes  have  been  bored  in  such  a  manner  that  one  of  the  edges  of  these 
holes  is  sharpened;  in  practice  three  holes  are  preferred.  When  this  plane  is 
forced  against  a  lath  of  wood,  placed  edgeway,  the  cutting  tool  penetrates  into  the 
wood,  splitting  it  up  into  as  many  small  sticks  or  splints  as  the  cutter  contains  hdles. 
When  a  number  of  thin  splints  liave  been  cut  from  the  lath,  it  is  again  planed  true 
with  an  ordinary  plane  and  tlien  the  operation  repeated.  The  dividing  of  the  thin  stieki 
into  splints  of  the  required  length  is  effected  by  a  tool  consisting  of  a  narrow  troQ^ 
about  6  centims.  wide  and  provided  with  a  slit  in  which  works  a  knife  foatened  to  % 


PHOSPHORUS. 


549 


lever.  A  clever  workman  can  prepare  4CX},ooo  to  450,000  splints  daily.  '  In  the 
south-west  of  Germany  a  plane  for  catting  wooden  splints,  the  invention  of  Anthon, 
at  Darmstadt,  and  similar  in  action  and  construction  to  that  above  mentioned,  is  in 
general  use  ;  but  throughout  an  extensive  portion  of  the  empire  the  manufacture  of 
the  splints  has  become  a  separate  trade  often  carried  on  in  woods  and  forests,  the 
splints  being  sold  to  the  lucifer-match  makers  in  bundles  ready  for  dipping. 

Instead  of  making  the  splints  by  hand  they  are  occasionally  made  by  a  machine; 
such  as  that  by  PelUtier,  at  Paris  (1820),  having  on  a  bench  a  plane  36  centims.  long 
by  9  wide,  made  to  move  backwards  and  forwards,  while  a  piece  of  wood  is  placed 
80  that  it  is  caught  by  the  fore-cutter,  which  consists  of  a  steel  knife  provided  with 
twenty-four  teeth  sharpened  like  little  knives,  the  second  cutter  removing  the  small 
laths  from  the  plank  of  wood.  Cochot's  machine  (1830)  consists  of  a  large  iron 
wheel  I  metre  in  diameter,  on  the  periphery  of  which  are  fixed  thirty  wooden  blocks 
lengthway  of  the  size  of  the  splints.  When  the  wheel  is  turned  round  the  blocks  of 
wood  are  caught  by  the  knives  feustened  to  a  small  cylinder,  and  the  wood  is  split  up 
into  splints,  which  are  removed  from  the  block  by  another  knife.  Jeunot's  machine, 
patented  in  1840  in  France,  is  of  a  similar  construction.  Neukrantz,  at  Berlin 
(1845),  contrived  a  tool  based  upon  the  principle  of  the  hand-plane,  the  wood  intended 
to  be  cut  being  moved  against  a  fixed  steel  cutter,  which  produced  sixteen  to  twenty 
splints  at  a  movement.  Krutzsch,  at  Wunschendorf,  Saxony,  has  improved  upon  this 
plan  (1848)  by  perforating  a  steel  plate  with  about  400  holes  placed  as  near  together 
as  possible ;  the  edges  of  these  holes  having  been  sharpened,  a  block  of  wood  is  forced 
in  the  direction  of  its  fibres  against  the  plate  and  thus  divided  into  splints.  A  piece 
of  wood  3  centims.  in  thickness  and  width  by  i  metre  in  length  yields  400  lengths, 
each  of  which  can  be  cut  up  into  fifteen  splints ;  6000  of  the  latter  are  made  in 
two  minutes.  Of  the  several  tools  and  machines  contrived  for  the  purpose  of 
cutting  splints — and  the  number  of  these  contrivances  is  very  large — ^we  quote  the 
following  of  German  origin.  The  machine  invented  by  0.  Leitherer,  at  Bamberg 
(1851),  consists  of  what  might  be  termed  a  kind  of  gmllotine,  viz.,  a  box  at  the  bottom 
of  which  is  placed  the  wood  to  be  formed  into  splints,  the  fibre  of  the  wood  being 
•verticaL  In  front  of  this  box  is  placed  a  frame-work,  in  which  a  heavy  block, 
provided  with  four  cutters,  each  terminated  by  eight  to  ten  narrow  tubes  (somewhat 
similar  to  cork-borers),  can  be  made  to  move  rapidly,  so  as  to  give  forty-five  strokes 
a  minute,  the  wooden  block  intended  to  be  cut  into  splints  being  made  to  move  under 
the  cutting  tool  aftei^  each  stroke.  Wrana's  machine  is  in  principle  the  same  as 
that  of  Neukrantz,  but  has  been  greatly  improved,  the  plane  not  being  fixed,  but 
supported  by  a  piece  of  wood.  Long's  machine,  again,  consists  of  a  series  of 
cylinders,  between  which  the  block  of  wood  is  placed^  while  knives  are  so  arranged 
as  to  cut  the  block  into  splints  while  the  wood  moves  on  by  the  motion  imparted  to 
the  cylinders. 

2.  The  Preparation  of  the  Combustible  Composition  is  carried  on  in  the  following 
manner : — The  glue,  or  gnm,  or  any  other  similar  substance,  is  first  dissolved  in  a 
small  quantity  of  water  to  the  consistency  of  a  thin  syrup,  with  which,  having  been 
heated  to  50%  the  phosphorus  is  incorporated  by  gradually  adding  it  and  keeping  the 
mixture  stirred  so  as  to  form  an  emulsdon,  to  which  are  next  added  the  other  ingre- 
dients after  having  been  pulverised.  In  order  to  obtain  a  good  composition,  it  ia 
essential  that  there  should  be  neither  too  much  nor  too  little  phosphorus,  for  an 
«xc«8S  of  phosphoms  will  not  only  tend  to  increase  unnecessarily  the  price  of  tK^ 
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composition,  but  it  has  also  the  effect  of  rendering  'it  nnfit  for  igniting  the  snliAiir 
and  stearin  wherewith  the  matches  are  tipped,  because  the  phoBphorie  acid  gene- 
rated by  the  combustion  of  the  phosphorus  is  deposited  as  an  enamel-like  mass, 
which  prevents  further  combustion.  It  appears  that  the  best  proportioii  is  firom  one- 
tenth  to  one-twelfth  of  phosphorus. 

A  much  smaller  quantity  of  phosphorus  is  required  if  this  element  is  first  dissolTod 
in  sulphide  of  carbon  and  the  solution  added  to  the  other  constituents  of  the  oompo- 
eition ;  the  sulphide  of  carbon  while  rapidly  volatilising  leaves  the  phosphoms  in  a 
very  finely-divided  state.  As  phosphorus  is  very  readily  soluble  in  sulphide  of 
carbon,  and  as  the  latter  is  moderately  cheap,  the  method  has  the  advantage  that  the 
mixing  of  the  materials  can  take  place  without  the  application  of  heat.  It  is,  how- 
ever, evident  that  the  greatest  care  is  required  in  manipulating  such  a  liquid  si 
fiulphide  of  carbon,  and  far  more  when  phosphorus  is  dissolved  therein.  C.  Poschcr 
suggested  (i860)  the  use  of  sulphuret  of  phosphorus,  PgS,  instead  of  pure  phospbonn 
in  the  composition  for  matches.  He  prepared  a  composition  containing  3*5  ptt  eat 
of  this  sulphuret,  and  obtained  excellent  matches. 

Among  the  metallic  oxides  which  are  employed  in  the  mixture,  preference  is  given 
either  to  a  mixture  of  peroxide  of  lead  and  nitrate  of  potash,  or  to  a  mixture  of  the 
former  with  nitrate  of  lead  obtained  by  treating  red-lead  with  a  small  quantity  of 
nitric  acid  and  leaving  this  mixture  for  a  period  of  several  weeks  to  dry.  Glue,  gum, 
and  dextrine  are  used  as  cxcipieuts ;  the  first,  however,  is  objectionable  because  it 
carbonises  and  prevents  the  combustion.  Perhaps  a  dilute  collodion  solution  or  a 
mixture  of  sondarao  or  similar  resin,  with  benzole,  might  be  used  as  an  ezcipient 
instead  of  the  gum. 

The  mixtures  actually  used  in  the  trade  are  kept  secret,  but  the  following  recipes 
may  give  some  idea  of  the  composition : — 

I. 

Phosphorus 
Gum  Senegal 
Lamp-black 


•.•     ••• 


•••     ..• 


••a  •••  •••  ••• 


1*5  parts 

3*0    « 
0*5    „ 


Red-lead    5*0    „ 

Nitric  acid  at  40°  B.  (=  sp.  gr.  1*384)    2*0    „ 

n. 


Phosphorus     

••.    •..    ...    8*0  parts 

viluC ...      •••      •••       •.• 

Peroxide  of  lead     ... 
Nitrate  of  potash    . . . 

•••     ...    .*•  21 0    „ 
•*.     ...     •••  24*4    ft 
...    ...    •••  24*0    „ 

HL 

Phosphorus       

Gum  Senegal     

Peroxide  of  lead 

yo  parts 

•••     •.•     •••    3       If 

•  «.           •*.           ...           20          yy 

Fine  sand  and  smalt... 

...           ...           ...           20          ,, 

(A  mixture  of  nitrate  of 
lead  and  of  penndde  of 
lead,  technically  known 
as  oxidised  red-lead. 

Dissolved  in  tlie  leqmred 
quantity  of  anlphide  d 
carbon. 


No  doubt  there  is  room  for  great  improvements  in  these  compoeitionB. 
3.  Dipping  and  Drying  the  Splints, — ^In  order  to  fix  the  sulphur  and 
.composition  to  one  end  of  the  splints,  it  is  clear  that  these  ahoold  not  tondh 
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Otber,  bat  Im  bo  arranged  aa  to  leave  an  intannediata  apace.  A  ooDtriyanoe  is 
employed,  conBiirtiiiK  of  email  planks,  03  metre  long  by  10  centiina.  wide,  the  enrface 
being  provided  with  narrow  grooves  placed  close  together,  and  just  large  enough 
each  to  hold  a  single  splint,  Fig.  262.  The  splints  are  one  by  one  placed  in  the 
grooves,  an  operation  uauajly  performed  by  girls.  One  plank  having  been  filled 
another  is  placed  on  the  top  of  it.  The  surface  of  the  pUnk  on  one  side  is  provided 
with  a  piece  of  coarse  flannel,  while  the  other  side  is  grooved  for  holding  spliuta. 
Each  of  the  planks  has  at  the  end  a  ronnd  hole,  through  wliich  pass  ixon 
rods,  Figs.  2G3  and  264,  in  the  top  of  which  a  screw  thread  is  cut,  so  that  as  soon  aa 
■ome  twenty  to  twenty-five  planks  have  been  filled  with  splints  and  placed  one  upon 
another,  they  are  fastened  so  ss  to  form  a  framework.  A  clever  hand  can  fill  during 
ten  hours  fifteen  to  twenty-five  of  these  frames,  each  containing  2500  splints. 
Recently  it  has  been  attempted  to  perform  this  work  by  machlDeiy,  and  the  machine 
constructed  by  0.  Wabh,  at  Paris  (1861),  enables  a  lad  to  frame  500,000  to  600,000 
q>lints  in  ten  hours. 

The  sulphur  intended  for  dipping  the  splints  is  kept  in  a  molten  state  over  a  mode- 
rate fire  in  a  shallow  rectangular  trough,  in  the  middle  of  which  a  stone  is  placed  aa 


precisely  level  as  possible.  The  quantity  of  sulphur  is  so  regulated  that  it  covara 
the  stone  to  a  depth  of  i  centim.  In  the  operation  of  dipping,  the  ends  of  the 
splints  are  made  just  to  touch  the  stone  and  immediately  removed,  oare  being  taken 
to  cause,  by  shaking  the  frame,  any  superfluous  sulphur  to  flow  into  the  trough  aguu. 

Instead  of  sulphur  the  better  kind  of  matches  are  impregnated  with  stearine, 
stearic  acid,  or  paraffin.  The  splints  having  been  first  thoronghly  dried,  are  placed 
in  a  bath  of  molten  paraffin,  and  left  there  for  a  time  so  as  to  allow  the  wood  to 
absorb  by  capillari^. 

The  tipping  with  the  phosphorus  composition  is  performed  similaily  to  the 
sulphtiring  of  the  splints,  the  composition  being  placed  in  a  uniform  layer  on  a  piece 
of  thick  ground  glass  or  on  a  well-potished  lithographic  stone  (Solenhofen  lime- 
stone). 

The  drying  of  the  matches  takes  place  in  a  room  heated  by  steam,  the  frames 
being  hong  on  ropes  or  put  on  shelves.    The  position  of  the  frames  is  such  that  the 
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matches  are  in  a  vertical  position,  and  the  composition-hangB  on  them  ai  a  drop.  Hm 
composition  of  the  saloon  niatclies  is.  after  drying,  coated  with  oolonred  reainons 
solutions,  and  often  with  a  collodion  film. 

Anuphntphnr xatebM.  This  Variety  of  match  was  invented  in  1848,  hy  Bottger, 
at  Frankfort,  and  was  prepared  industrially  by  Fiirth,  at  Schiittenhofen ;  Lnnd- 
strom,  at  Jonkoping  (Sweden) ;  Coignet,  at  Paris  (under  the  name  of  AUumftU* 
hygUnique9  et  de  suretS  au  phasphore  amorphe) ;  De  Villiers  and  Dalemagne,  Paris 
(under  the  name  of  AllumHtet  androgynes) ;  also  by  Forster  and  Wara.  ThesA 
matches  are  of  two  kinds: — a.  Those  which  are  free  from  phosphorus,  the 
amorphous  phosphorus  being  incorporated  with  tlie  sand-paper.  /3.  Thoae  which  an 
free  from  phosphorus  both  in  the  match  and  on  the  sand-paper. 

To  the  matches  of  the  first  category  belong: — i.  Matches,  the  composition 
of  which  is  free  from  phosphorus,  consisting  simply  of  a  pasty  mass,  the  main  oon- 
Btituents  of  which  are  sulphuret  of  antimony  and  chlorate  of  i)otash.  2.  The 
amorphous  phosphorus  mixed  with  some  very  fine  sand  or  other  substance  promoting 
friction  is,  with  glue,  put  on  to  the  box  in  which  the  matches  are  contained ;  or.  as  if 
the  case  with  the  androgynes^  at  the  other  end  of  tlie  splint.  The  friction  surface  oa 
the  boxes  consists  of  a  mixture  of  9  parts  of  amorphous  phosphorus,  7  parts  of  pul- 
verised pyrites,  3  parts  of  glass,  and  i  part  of  glue.  The  matches  ignite  readUy  by 
friction  on  the  surface  containing  tliis  composition,  but  do  not  ignite  when  xubbed  on 
any  other  rough  surface.  These  so-called  safety  matches  are  largely  mannfiactared 
at  Jonkoping,  under  the  Swedish  name  of  Sakerhets-Tdndstiekor  (security  fiie 
matches).  Jettel  (1870)  uses  for  the  friction  surface  a  compound  consisting  of  eqnil 
parts  of  amorphous  phosphorus,  pyrites,  and  black  sulphuret  of  antimony ;  for 
coating  on  the  two  sides  of  1000  small  boxes,  each  containing  fifty  matches,  about 
80  grms.  of  this  mixture  are  required.  It  need  hardly  be  mentioned  that  in 
England  safety  matches  are  largely  made  and  of  excellent  quality,  in  fact,  better  than 
anywhere  else. 

B.  Forster  and  F.  Wara,  at  Vienna,  have  introduced  a  "non-poiaonoas**  match. 
The  amorphous  phosphorus  is  mixed  up  with  the  combustible  compoaitiott  in 
the  usual  way,  so  that  these  matches  ignite  readily  by  being  rubbed  on  any  ron^ 
snrfiEUse.  but  the  ignition  is  accompanied  by  noise,  owing  to  the  chlorate  of  potash 
contained  in  tlie  mass. 

As  regards  the  matches  belonging  to  the  second  category — ^viz.,  such  as  neither 
contain  phosphorus  nor  require  a  phosphorus-containing  surface,  we  may  give 
the  analysis  by  Wiederhold,  of  the  composition  of  those  made  by  Kummer  and 
Gunther,  at  Konigswalde,  near  Annaberg,  in  Saxony : — 


Chlorate  of  potash     

... 

... 

•.• 

8  parts. 

Black  sulphuret  of  antimony  ... 

... 

... 

••• 

8     ,. 

Oxidised  red-lead      

... 

... 

•.• 

8     „ 

Gum  senega!      

... 

... 

••• 

I      .> 

Oxidised  red -lead  is  a  variable  ^mixture  of  peroxide  of  lead,  nitrate  of  lead,  and 
nndecomposed  red-lead.  Weiderhold,  at  Cassel,  suggested  (i86x)  the  following 
ignition  mixture : — 

Chlorate  of  potash 7*8  parts. 

Hyposulphite  of  lead    2*6      „ 

Gum  arabic     ix>      „ 


a. 

b. 

c. 

d. 

40 

70 

3-00 

80 

10 

10 

— 

— 

04 

2*0 

— 

05 

— 

^— 

— . 

80 
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This  is  the  best  anti-phosphorus  mixture.    Jettel,  at  Gleiwitz,  gives  the  following 
mixtures  free  from  phosphorus : — 

Chlorate  of  potash      

Sulphur        

Bicliromate  of  potash 

Sulphuret  of  antimony       

Sulphur  auratum,  SbSj  (Stibiimi  \ 

sulfuratum  aurantiacum).  L        —  —  025  — 

(Antimonium  sulfuiatimi,  B.P.)    J 

Nitrate  of  lead    —  2*0  —  — 

While  R.  Peltzer  has  called  attention  to  the  applicability  of  copper-sodium  hypo- 
sulpliite  for  tlie  prep£u-ation  of  a  phosphorus-free  ignition  mass,  Fleck*  has  also 
remarked  the  use  which  might  be  made  of  sodium  in  this  respect. 

Wax  or  v«itu  Matche*.  Instead  of  the  phosphorus  compogition  being  fixed  to  a  wooden 
splint  it  is  in  the  wax  matches  {alluniettei  howjies)  attached  to  a  thin  taper  made  of  a 
few  cotton  threads  (4  to  6),  immersed  in  a  molten  mixture  of  2  parts  of  stearine  and 
I  part  of  wax  or  paraffin.  The  tapers,  while  this  mixture  is  hot,  are  drawn  tlirough 
a  hole  perforated  in  an  iron  plate,  tlie  opening  of  which  corresponds  to  the  desired 
thickness  of  tlie  taper.  The  taper  is  next  cut  by  means  of  machinery  into  suitable 
lengtlis ;  afterwards  the  phosphorus  composition  is  affixed  and  the  yestas  put  into 
boxes. 

Zulzer's  machine  for  cutting  the  tapers  and  for  making  them  into  matches  has  the 
following  arrangement.  The  wicks  having  been  rolled  on  a  drum  are  forced  between 
two  cylinders,  wliich  impart  the  fieitty  composition,  and  next  tlie  tapers  are  carried  by 
the  machinery  across  grooves  in  planks  to  holes  in  a  movable  vertical  iron  plate, 
which  is  connected  with  a  cutting  apparatus  intended  to  divide  tlie  tapers  into 
suitable  lengths.  As  the  cutters  are  placed  at  the  entrance  of  the  holes,  the  tapers 
after  having  been  separated  from  the  main  wicks  are  left  dangling  in  these  holes,  and 
by  a  mechanical  contrivance,  the  plate  containing  the  holes  is  lifted  sufficiently 
to  bring  another  row  of  holes  level  with  the  ^dck-producing  apparatus.  When  a 
plate  has  been  tlius  filled  with  tapers  it  is  removed,  another  put  in  its  place,  and  the 
ends  of  the  tapers  immediately  immersed  in  tlie  phosphorus  composition,  and  next 
placed  in  a  drying  room.  Marseilles  is  the  great  centre  of  the  wax  match  industry, 
while  Austria  stands  next. 

Animal  Charcoal. 

Animal  chareoaL  Auimal  charcoal  is  the  residue  obtained  by  the  dry  distillation  of 
bones.  Owing  to  its  introduction  (181 2)  by  Derosne,  and  afterwards  re-introduction 
with  improved  filtering  apparatus  by  Dumont  (1828),  into  the  sugar  refining 
industry,  animal  charcoal,  or  bone-black,  has  become  oue  of  the  most  important 
substances  of  chemical  technology.  Wlien  bones  are  submitted  to  ignition  in  closed 
vessels  with  exclusion  of  air,  the  organic  matter  yields  a  tar  known  as  crude  Dippel's 
oil,  and  carbonate  of  ammonia,  while  a  coal-black  residue  remains  exhibiting 
perfectly  the  organised  structure  of  the  bones. 

pniwrauon  of  Bone-black.  The  boucs  are  either  boiled  with  water  or,  better, 
exhausted  with  sulphide  of  carbon  to  remove  the  fat,  which  being  obtained  in 

*  Jahresberioht  der  Chem.  Teohnologie  (Dr.  Wagner),  1868,  p.  220. 
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a  quantity  of  5  to  6  per  cent  of  tlie  weij^ht  of  the  bones,  is  a  valuable  by-prodnet  of 
this  branch  of  industry.    Tiie  carbonisation  of  die  bones  is  so  conducted  that  tlte 
volatile  products  arc  uitlior  burnt  or  condensed.    In  tlie  latter  case  the  broken-up 
bones  are  put  into  iron  retorts  similar  to  tliose  used  for  coal-gas  manu&ctnre, 
and  the  voltitile  products  arc  colh^cted  in  suitable  condensing  apparatus,  while 
tlie  gns  after  having  been  puritled  is  sometimes  led  into  a  gasholder  and  used 
for  illuminating  purposes,  or  when  not  puritied  is  burnt  under  tlie  retorts.    Ac- 
cording, however,  to  tlie  experience  obtained  in  Germany,  bone-black  thus  msde 
has  a  lower  decolourising  power  than  wlien  the  bones  are  ignited  in  iron  pots, 
the  volatile  proilucts  being  burnt  at  the  same  time.    In  Gennany,  tlierefore,  the  older 
plan  of  carbonisation  in  pots  is  usuidly  resorted  to.  Li  England  and  Scotland,  and  also 
in  Holland,  Belgium,  and  France,  retorts  are  generally  used  for  this  purpose.    The 
carbonisation  in  pots  is  carried  on  in  the  following  manner: — Cast-iron  pots  are 
filled  with  broken-up  bones  and  placed  one  on  tlie  top  uf  tlie  other,  the  edges  of  the 
moutlis  of  tlie  pots  being  luted  witli  clay,    llie  pots  are  placed  on  tlie  hearth  of  a 
kind  of  reverberatory  furnace.    After  awhile  Uie  vapours  which  are  forced  throng 
the  lute  become  ignited,  tliereby  enveloping  the  pots  in  a  sheet  of  flame,  so  that  ths 
carbonisation  goes  on  without  requiring  the  firing  of  tlie  furnace  to  be  kept  op. 
When  tlie  iiame  subsides  tlie  carbonisation  is  complete.    The  yield  of  ^nima^l  chtr- 
coal  amounts  by  tliis  method  of  procedure  to  55  to  60  per  cent,  tlie  carbonaoeovi 
matter  being,  however,  mixed  witli  about  ten  times  its  weight  of  mineral  matter,  u 
may  be  inferred  from  the  following  results  of  analysis  of  a  dried  sample  of  bone- 
black,  wliich  in  too  parts  was  found  to  consist  of — Carbonaceous  matter,  xo;  phosphate 
of  lime,  84 ;  carbonate  of  lime,  6  parts.    By  exposure  to  air  bone-black  absorbs 
7  to  10  per  cent  of  moisture.    The  carbonised  bones  are  broken  up  and 'granulated 
by  machinery,  the  formation  of  dust  having  to  be  avoided  as  much  as  possible 
because  it  has  very  little  value. 

propwtiM of  BoncbiMk.  As  far  bsck  as  tlie  year  181 1,  Figuier  discovered  tliat  bone- 
black  possesses  the  property  of  withdrawing  organic  and  inorganic  substances — ^vis., 
lime  and  potasli  from  solutions.  It  appears  tliat  this  property  is  due  to  surface 
attraction  (capillaiy  action),  although  bone-black  is  also  capable  of  decomposing 
chemical  compounds.  Owing  to  tlie  fact  that  bone-black  can  absorb  inorganic 
matter,  it  is  largely  used  for  the  purpose  of  witlidrawing  lime  JDind  saline  matter  from 
saccharine  fluids  in  beet-root  sugar  works.  According  to  Anthon,  the  property  of 
bone-black  to  witlidraw  lime  from  solutions  is  partly  due  to  the  hud  Uiat  carbonic 
acid  is  condensed  in  the  pores  of  this  substance. 

By  treating  bone-black  with  hydrochloric  acid,  and  tlius  dissolving  the  minerd 
matter  it  contains,  the  residue,  after  having  been  well  waslied  with  water,  dried,  and 
re-ignited  in  a  closed  crucible,  lias  loHt  in  a  ver}'  great  measure  its  pit^rty  of  with- 
drawing from  solutions  and  rctainuig  within  its  pores  inorganic  matter.  Wlien  add 
liquids  are  to  be  decolourised  by  bone-black,  it  sliould  always  be  employed  after  having 
been  treated  witli  hydrochloric  acid.  Shoe-blacking  mauufiEU^urerB  employ  in  their 
trade  a  large  quantity'  of  bone-black. 
Twtinf  BoiMbiack.  Thc  greater  tlie  decolourising  power  of  charcoal  the  better  its 
quality,  though  it  appears  tliat  the  decolourising  power  is  not  proportionate  to  the 
power  of  witlidrawing  lime  and  saline  matters  from  solutions.  In  order  to  ascertain 
the  decolourising  power  of  any  sample  of  bone-black,  its  quality  in  this  respect 
is  compared  with  Uiat  of  another  of  known  strength.    Pftyen  proposes  to  take  equal 


ANIMAL  CHARCOAL.  555 

bulks  of  water  colonred  with  caramel,  to  treat  these  with  eqnal  weights  of  animal 
charcoal,  and  to  filter  tliese  mixtures ;  the  charcoal  which  yields  the  clearest  liquid 
being  the  best.  Bussy  obtained  the  following  results  by  the  estimation  of  the 
relative  decolourising  power  of  equal  quantities  by  weight  of  difierent  kinds  of 
charcoal : — 

Ordinar}'  bone-black        1*0 

Bone-black  treated  with  hydrochloric  acid i'6 

Ditto,  ditto,  but  afterwards  ignited  with  carbonate  of  potash 20*0 

Blood  ignited  with  carbonate  of  potash       20*0 

Blood  ignited  with  carbonate  of  lime    20*0 

Glue  ignited  with  carbonate  of  potash         15*5 

Brimmeyr  s  experiments  on  the  decolourising  properties  of  bone-black  led  to  the 
following  results  : — i.  The  capability  of  absorption  of  this  substance  does  not  depend 
upon  tlie  mechanical  structure  of  the  bone-black,  but  upon  tlie  quantity  of  pure 
carbon  it  contains.  2.  The  quantities  of  matter  absorbed  by  bone-black  of  various 
kinds  are — when  reduced  to  pure  carbon — really  equivalent,  and  are  probably 
independent  of  the  varying  chemical  nature  of  the  soluble  absorbed  substance. 
3.  Bone-black  saturated  with  any  substance  retains  its  absorptive  power  for  other 
materials  of  a  diiferent  chemical  nature.  4.  Bone-black  acts  tlie  quicker  and  better 
the  less  its  capillary  structure  has  been  interfered  with  eitlier  by  mechanical  or 
chemical  means  (action  of  hydiocliloric  acidj.  Schultz's  results  of  experiments 
agree  with  those  just  quoted.  Tiie  specifically  lightest  bone-black  which  containa 
the  largest  amount  of  carbon  is  tlie  most  strongly  decolourising  material.  As 
regards  the  sugar  (especially  beet-root)  manufacture,  the  power  of  bone-black  to 
witlidraw  lime  from  a  solution  comes  also  into  consideration ;  tliis  lime-absorbing 
capability  is  estimated  by  directly  testing  the  quantity  of  lime  which  a  given  sample 
of  charcoal  can  take  up. 

"*^'*^cSi21l""**^*  After  having  served  the  purpose  of  decolourising  and 
absorbing  lime  for  some  time  in  the  process  of  sugar  refining,  the  bone-black 
becomes,  as  it  is  termed,  foul  and  requires  to  be  revived,  for  which  purpose  it  is 
either  first  tlioroughly  washed  with  hot  water  or  sometimes  left  to  enter  into  a  state 
of  fermentation,  or  treated  with  steam,  and  finally  always  re-ignited.  The  more 
usual  plan  is  to  wash  the  bone-black,  wliile  still  in  tlie  filters,  with  hot  water,  so  as 
to  remove  all  soluble  matter,  the  material  being  next  re-ignited.  In  this  manner 
bone-black  maj*  be  restored  for  use  twenty  to  twenty-five  times.  This  mode  of 
reviving  labours  under  the  disadvantage  that  during  the  ignition  the  organic  matter 
(absorbed  impurities)  is  not  quite  destroyed,  and  by  choking  the  pores  of  the  bone- 
black  impairs  its  decolourising  power.  It  is  therefore  preferable  to  cause  the  bone- 
black  to  ferment,  to  treat  it  next  with  dilute  hydrochloric  acid,  wash  it  well, 
and  lastly  ignite  it.  The  quantity  of  hydrochloric  acid  employed  for  this  purpose  in 
sugar-producing  works  is  very  large. 

8aiNUtatMforB<m*-uack.  Amoug  the  substauccs  which  have  been  tried  as  substitutes 
for  the  use  of  bone-black,  carbonised  bituminous  shale  takes  the  first  place.  This 
material  (the  coke  of  the  Boghead  coal  is  an  excellent  example)  absorbs  colouring 
matter,  but  does  not  touch  the  lime.  Moreover  it  often  happens  that  the  coke 
is  rendered  unfit  for  this  use  by  the  presence  of  a  considerable  amount  of  mono- 
sulpliuret  of  iron.    The  coke  of  sea- weed  is  perhaps  a  more  suitable  material. 
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Milk. 
Milk.  This  fluid  is  secreted  by  glands  with  which  all  female  Tnammalia  are 
provided.  It  contains  all  the  organic  and  inorganic  substances  reqnired  by  the 
young  animal  as  food,  being  intended  to  feed  the  young  until  tliey  are  sufficiently 
developed  to  partake  of  other  nutriment.  The  main  constituents  of  milk  are : — 
Sugar  (lactose),  caseine,  butter,  inorganic  salts,  such  as  chlorides  of  potassium  and 
sodium,  phosphate  of  lime,  and  finally  water.  The  average  percentage  composition 
of  cow's  milk  is  the  following : — 


Butter    3288 

Lactose  and  soluble  salts    ...  5*129 

Caseine  and  insoluble  salts  ...  4*  107 

Water    , 87*476 


12*524  per  cent. 


lOO'OOO 

Milk  is  a  mixture  of  several  insoluble,  very  minutely  divided,  emulsioned  sub- 
stances, suspended  in  a  watery  liquid.  The  specific  gravity  of  milk  varies  from 
1*030  to  1*045.  Under  the  microscope  it  becomes  evident  that  the  white  colour  of 
milk  is  due  to  the  so-called  milk  globules — small  globular  bodies  of  a  yellow  colour, 
with  a  more  deeply  coloured  circumference,  and  exhibiting  a  pearly  gloss.  It  was 
formerly  believed  that  tliese  globules  consisted  of  an  exterior  envelope  filled  with 
butter,  but  the  recent  researches  of  Drs.  Von  Baumbauer  and  F.  Knapp  have 
proved  this  opinion  to  be  erroneous.  When  milk  is  left  standing  these  globules  rise 
to  the  surface  and  form  cream,  below  which  remains  a  blue  transparent  fluid 
containing  the  sugar  of  milk,  salts,  and  caseine,  the  latter  in  the  form  of  caseine-soda 
When  milk  is  kept  for  some  time  a  portion  of  the  lactose  (sugar  of  milk)  is  decom- 
posed and  converted  into  lactic  acid  by  the  aid  of  the  caseine,  which  acts  as  a 
ferment.  In  its  turn  the  lactic  acid  decomposes  the  caseine-soda,  whereby  the 
caseine  is  set  free  and  separated  as  an  insoluble  substance ;  tliis  action  takes  place  in 
the  coagulation  of  milk.  The  whole  of  the  lactose  or  sugar  of  milk  becomes 
converted  into  lactic  acid  by  long  keeping. 

Lactic  acid  (CjHgOa)  is  also  formed  by  the  fermentation  of  starch,  cane  sugar, 
and  glucose,  under  the  influence  of  caseine  and  a  ferment.  This  acid  is  met 
with  in  sauerkraut  (a  favourite  disli  of  tlie  Germans,  being  a  well-preserved 
mixture  of  white  and  savoy  cabbages  cut  into  shreds,  and  packed  in  casks 
along  with  salt,  coarse  pepper,  and  some  water),  and  in  other  pickles,  in  beer, 
and  in  nearly  all  animal  liquids.  Lactic  acid  is  also  present  in  some  of  the 
fluids  of  the  tan-yard  tanks ;  in  the  sour  water  of  starch  works  where  staieh 
is  prepared  by  the  old  methods;  in  the  bran  bath  of  dye  works;  and  is  con- 
stantly met  with  in  the  residual  liquids  of  com  spirit  distiUation.  When  laotio 
acid  is  heated  with  sulphuric  acid  and  peroxide  of  manganese,  aldehyde  is  formed, 
which  is  used  in  the  preparation  of  aniline  green  and  of  hydrate  of  chloral. 

The  coagulation  of  fresh  milk  is  eflected  by  the  use  of  rennet,  which  is  pre- 
pared from  the  stomach  of  a  calf,  well  washed  and  stretched  out  in  a  wooden  frame, 
then  dried  either  in  the  sun  or  near  a  fire.  The  substance  thus  prepared  was  for- 
merly soaked  in  vinegar,  but  experience  has  proved  this  to  be  unnecessary.  When 
required  a  small  piece  is  cutoff  and  steeped  in  warm  water,  and  the  liquid  added  to  the 
milk  previously  heated  to  30°  to  35*".    The  milk  is  hereby  coagulated,  even  in  Uig6 
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quantity,  in  aboat  2  hours ;  x  part  of  rennet  is  sufficient  for  the  purpose  of  coagula- 
ting 1800  parts  of  milk.  The  mode  of  action  of  rennet  is  not  well  understood,  but  it 
does  not  consist,  as  was  formerly  believed,  in  the  instantaneous  conversion  of  a  por- 
tion of  the  lactose  present  in  milk  into  lactic  acid,  since  experiments  have  shown 
that  rennet  coagulates  milk  which  exhibits  an  alkaline  reaction. 
.  whty.  By  the  term  whey  is  understood  the  fluid  in  whicli  the  coagulated  caseins 
of  milk  floats  and  which  may  be  obtained  either  by  decantation  or  filtration.  The 
whey  of  sour  milk  contains  very  little  lactose  and  a  large  quantity  of  lactic  acid 
(sour  whey) ;  while  sweet  w^hey,  obtained  by  coagulating  milk  with  rennet  contains 
all  the  lactose.  Sweet  whey  containing  3  to  4  per  mille  of  a  proteine  compound 
(termed  lacto-proteine  by  Millon  and  Commaille)  is  evaporated  to  some  extent 
in  Switzerland,  with  the  view  of  obtaining  the  sugar  of  milk  in  crystalline  state.  The 
LMiM»-8nf ur  of  luik.  substaucc  thus  obtained  is  purified  by  re-oiystallisation.  Lactose, 
CxaHsaOii  +  HaO,  does  not  possess  a  very  sweet  taste  and  feels  sandy  in  the  mouth. 
It  is  soluble  in  6  parts  of  cold  and  2  parts  of  hot  water.  It  is  not  capable  of  alcoholic 
but  only  of  lactic  acid  fermentation.  By  the  action  of  dilute  acids  sugar  uf  milk  is 
converted  into  galactose,  a  kind  of  sugar  similar  to  grape  sugar,  and  is  then  capable 
of  alcoholic  fermentation.  Industrially  sugar  of  milk  is  sometimes  employed  for  the 
purpose  of  reducing  a  silver  solution  to  the  metallic  state,  as  in  the  case  of  looking- 
glass  making.  100  parts  of  the  commercial  sugar  of  milk  from  Switzerland  (a),  and 
from  Giesmannsdorf  in  Silesia  [b),  were  found  to  consist  (1868)  of: — 

a,  b. 

Oullo    •••   •••   •••   •••   ••• 

Insoluble  matter 

Foreign  organic  substances ... 
Sugar  of  milk      

100*00  lOO'OO 

■'••SiJiSrSir'''*  ^7  filing  milk  the  air  it  has  taken  up  is  eliminated  and 
thereby  the  conversion  of  the  caseine  into  a  ferment,  and  the  consequent  decomposi- 
tion of  the  sugar  of  milk,  prevented.  Milk  may  very  readily  be  kept  fresh  by 
the  addition  of  small  quantities  of  carbonates  of  alkalies  or  borax.  The  coagulation 
of  milk  (not  its  becoming  sour)  may  be  prevented  by  the  addition  of  some  nitrate  of 
potash,  chloride  of  sodium,  or  other  alkaline  salts.  * 

TMUngMiik.  In  localities  where  milk  is  consumed  in  very  large  quantities — ^for 
instance,  in  large  cities  and  towns — ^it  is  sometimes  adulterated  by  the  addition  of 
rice-water,  bran-water,  gum-solution,  and  emulsion  of  sheep's  brain.  The  most 
common  adulteration  of  milk  is  its  dilution  with  more  or  less  water.  Several 
methods  and  instruments  have  been  invented  for  the  purpose  of  testing  the  quantity 
of  caseine  and  butter  present  in  milk,  and  it  should  be  here  observed  that,  according 
to  Dr.  F.  Goppelroder's  excellent  researches  (1866),  it  has  been  found  that  the 
relative  proportion  of  the  quantity  of  these  substances  varies  in  milk  from  one  day 
to  another,  and  even  in  the  milk  drawn  at  mornings  and  afternoons.  According  to 
Jones's  plan  milk  is  poured  into  a  vertical  graduated  glass  tube ;  the  quality  of  the 
milk  varies  with  the  number  of  graduated  divisions  occupied  by  the  cream  separated 
from  the  milk.  It  is  evident  that  in  this  way  only  the  quantity  of  cream  contained 
in  the  sample  of  milk  under  examination  is  found,  and  nothing  leamt  about  the 
degree  of  dilution  oi  the  milk  with  water,  which  somewhat  infl»«CL<i«&  >^^  xis^^^fi^s^ 
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of  the  separation  of  the  cream.  Chevalier  and  Henry  employ  for  the  testing  of 
milk  an  areometer,  the  degrees  of  which  are  ascertained  by  experiment  from  really 
genuine  milk.  Other  methods  are  based  upon  the  use  of  tincture  of  nut-galls  or 
solution  of  sulphate  of  zinc  for  the  purpose  of  precipitating  caseine  and  butter  in  a 
sample  of  genuine  milk,  and  next  to  compare  the  quantity  of  these  reagents  neces- 
sary to  precipitate  in  an  equal  quantity  by  bulk  of  any  other  sample  of  milk. 
Donn6's  galactoscope  may  be  used  for  tlie  purpose  of  testing  tlie  purity  of  milk, 
more  especially  in  reference  to  its  adulteration  with  water,  the  instrumoit  being 
based  upon  the  greater  or  less  transparency  of  a  column  of  milk  of  a  certain  length 
wliich  admits  through  it  the  rays  from  the  flame  of  a  lighted  candle ;  the  more 
transparent — that  is,  the  longer  the  column  of  milk — the  more  it  is  adulterated  with 
water.  Briinner  tests  milk  in  Uie  following  manner : — To  20  grms.  of  the  milk  to  be 
tested  are  added  10  grms.  of  charcoal  powder.  This  mixture  is  evaporated  to 
diyness  at  a  temperature  of  70*^  to  80".  The  butter  is  then  extracted  by  means  of 
ether,  and  this  solution  evaporated  and  weighed.  Vxitq  milk  yields  3*1  to  3*56  per 
cent  of  butter,  cream  from  io'6  to  ii'o6  per  cent.  G.  Reichelt  has  lately  tried  to 
apply  the  hallimetrical  method  (see  p.  422)  for  the  purpose  of  determining  the 
quantity  of  water  contained  in  milk. 

uiM  of  Milk.  Milk  is  used  as  food  and  for  the  preparation  of  butter  and  cheese,  for 
clarifying  wine  in  order  to  render  it  less  deep  coloured,  and,  if  turbid,  quite  clear. 
More  recently  milk  has  been  largely  sold  in  tlie  so-called  condensed  state,  by  which  is 
understood  milk  evaporated  in  vacuo  after  the  addition  of  sugar  to  the  consistency 
of  thick  honey.  Tliis  mode  of  preserving  milk  was  first  employed  by  the  Anglo- 
Swiss  Condensed  Milk  Company  at  Cliam,  Canton  Zug.  Switzerland,  and  is  now 
carried  on  in  various  parts  of  the  Continent  and  in  tlie  United  States,  and  also  in 
England,  in  Surrey  and  Berkshire.  The  average  composition  of  the  condensed 
milk  is: — 

vV aicx  ...      ...      ...      ...      ...      ...      ...     ...     22  44 

Solid  matter      77'56 

100*00 

One-half  of  tlie  solid  matter  consists  of  tlie  sugar  which  has  been  added,  the  rest 
being  butter,  9  to  12  per  cent;  caseine  and  lacto-proteine,  12  to  13  per  cent ;  sugar 
of  niUk,  10  to  17  per fcent ;  salts,  22  per  cent.  Condensed  milk  is  soluble  in  cold 
water,  and  yields  witli  4*5  to  5  parts  of  water  a  liquid  similar  to  genuine,  but  of 
course  sweetened,  milk. 

Batter.  This  substaucc  is  prepared  as  follows: — Milk  of  good  quality  is  placed 
in  a  rather  cool  cellar  or  other  locality  for  the  purpose  of  causing  the  cream  to 
separate.  The  cream  is  poured  into  a  clean  stoneware  or  glass  vessel  kept  for  the 
purpose,  and  left  until  by  constant  stirring  it  has  become  thick  and  sour ;  it  is  then 
put  into  a  chum,  by  tlie  action  of  which  the  solid  fat  globules  are  separated  from  the 
thick  fluid  in  wliich  the  caseine  with  a  small  quantity  of  butter  remains  suspended. 
Butter  being  specifically  lighter  than  water  should,  it  might  be  thought,  sepanfta 
very  readily  from  a  liquid  wliich  contains  in  solution  various  substances  which  are 
heavier ;  but  the  fact  is,  tliat  caseine  renders  the  separation  of  butter  from  eream 
difficult  even  when  tlie  cream  is  sweet  and  not  tliick ;  when,  on  the  other  hand,  ndlk 
coagulates  before  the  cream  is  separated,  the  butter  is  lost.  Two  methods  have  been 
deviaed  for  the  purpose  of  obtaining  all  the  butter  contained  in  milk.    Gaasaiideri  a 
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Swedish  agriculturist,  has  proposed  that  the  separation  of  cream  should  be  rendered 
more  rapid,  aud  always  completed  before  the  milk  becomes  sour,  while  Trommer 
prevents  the  sounng  of  the  milk  by  tlie  addition  of  some  soda. 

The  chums  vary  very  much  in  construction ;  the  most  simple,  which  is  that  most 
extensively  used,  consists  of  a  tall  somewhat  conical  wooden  vessel  covered  with  a 
wooden  lid,  through  a  round  opening  in  wliich  a  cylindrical  wooden  stem  passes. 
To  this  stem  is  fixed  a  wooden  perforated  disc,  wliich  is  moved  upwards  and  downwards 
by  a  similar  motion* imparted  to  the  stem.  The  butter  having  been  separated  from  the 
liquid  is  thoroughly  washed  and  kneaded  with  fresh  water,  and  next  more  or  less 
salted,  at  least  in  most  cases,  although  thoroughly  well-washed  butter  may  be  kept 
for  a  very  long  time  without  becoming  rancid.  The  liquid  from  which  the  butter  is 
separated  is  known  as  chum-milk  or  butteimilk;  it  contains  0*24  per  cent  butter, 
3*82  per  cent  casein.  90*80  per  cent  water,  5*  14. per  cent  sugar  of  milk  and  salts.  In 
the  water  lactic  acid  is  present.  18  parts  of  milk  yield  on  an  average  i  part  of 
butter,  which  in  fresh  condition  consists  of: — 

I.  n.         m.         IV. 

Butter  fat       944        93*0        875        785 

Caseine,  sufifar  of  milk  \ 

^  .     ^  \  ...      0*3  03  10  03 

Extractive  matter       ) 

Water     5*3  67        ii"5        21*2 

Owing  to  tlie  presence  of  water  and  caseine,  butter  after  some  time  becomes  rancid. 
It  is  salted  in  order  to  prevent  this  rancidity  as  much  as  possible,  tlie  salt  being 
thoroughly  mixed  with  the  butter  by  kneading.  To  i  kilo,  of  butter  30  grms.  of  salt 
are  required.  According  to  Dr.  Wagner,  butter  in  England  is  salted  with  a  mixture 
of  4  parts  of  common  salt,  i  part  of  saltpetre,  and  i  part  of  sugar.  In  Scotland, 
France,  Southern  and  Western  Germany,  butter  is  not  salted  at  all,  and  therefore 
only  made  and  sold  in  comparatively  small  quantities  at  a  time.  Salt  butter  is 
termed  in  Scotland  pounded  butter. 

By  melting  butter  until  the  first  turbid  liquid  has  become  clear  and  oily,  water 
and  caseine  are  eliminated,  and  settling  to  tlie  bottom  of  the  vessel,  the  supernatant 
fat  may  be  put  into  another  vessel,  and  will,  after  cooling,  keep  sweet  without  salt 
for  any  length  of  time.  Butter  is  often  artificially  coloured  either  by  the  aid  of  annatto, 
turmeric,  or  infusion  of  calendula  flowers. 

ciMmieai  Natan  of  Butter.  Buttcr  cousists  of  a  mixture  of  ucutral  fats — glyoerides— 
which  on  being  saponified  yield  several  fatty  acids,  among  which  the  non-volatile 
are : — Palmitinic  acid,  Ci6H3aOa,  and  but3rroleic  acid  (CiiHjoOa).  The  volatile  are : — 
Butyric  acid*  (C4H80a),  capronic  acid  (CeHjaOa),  caprylic  acid  (CsHisOa),  caprinic 
acid  (CzoHaoOa).  The  last  four  constitute  in  tlie  shape  of  glycerides  the  butyrin  or 
peculiar  fat  of  butter,  and  impart  to  that  substance  its  peculiar  odour  and  flavour. 

chMM.  Cheese  is  prepared  from  caseine.  It  is  made  either  from  skimmed  or 
unskimmed  milk.  In  the  former  case  a  lean,  dry  cheese  is  obtained;  in  the 
latter  a  fat  cheese,  such  as  Cheshire,  Cheddar,  American,  and  the  bulk  of 
Holland  cheeses.  Lean  cheese  is  made  in  Germany  by  pouring  the  skimmed 
and  already  sour  milk  upon  a  cloth,  through  the  pores  of  which  the  whey  passes, 

*  This  add  is  formed  not  only  by  the  saponification  of  butter,  but  is  also  met  with  in 
■eoreted  perspiration,  the  juices  of  the  stomach,  and  results  from  the  fermentation  and 
decay  of  sugar  (in  weak  solutions),  starch,  fibrine,  caseine,  d:c. 
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while  the  caseine  remains  on  its  surface  as  a  pasty  mass,  which  is  put  by  hand  intd 
the  clicesc -moulds,  these  being  next  exposed  to  air. 

Fat  cheese  is  made  of  sweet  milk  just  dra>vn  from  the  cows,  the  milk  being 
coagulated  by  rennet  after  haAdng  been  heated  to  30^  to  40°.  The  gelatinous  mass 
thus  obtained  is  broken  up  and  pressed  by  hand,  and  the  whey  gradually  reaoftld 
by  the  aid  of  wooden  ladles.  The  caseine  having  been  freed  from  whey  is  next  well 
kneaded  with  some  common  salt  and  tlien  put  into  wooden  moulds  with  two  or  three 
small  holes  at  the  bottom  for  tlie  purpose  of  allowing  the  whey  to  flow  off  when  the 
cheese  is  pressed.  The  newly  made  cheese  is  usually  every  alternate  day  dipped  in 
warmed  whey,  next  wiped  dry,  put  into  the  mould  again,  and  pressed.  When  the 
crust  has  sufficiently  formed  and  tlie  cheese  become  so  hard  as  to  admit  of  being 
handled,  some  salt  is  rubbed  into  its  surface  and  it  is  then  placed  in  a  cool  weU-aiied 
room  upon  a  shelf  to  dry,  and  become  as  it  is  termed  ripe.  The  vesicular  appearance 
of  some  kinds  of  cheese  (the  Gmy^re  cheese  exhibits  this  in  a  high  degree)  is  indi- 
rectly due  to  the  incomplete  removal  of  the  whey,  the  sugar  contained  becoming 
during  the  ripening  converted  into  alcohol  and  carbonic  acid,  which  by  its 
expansion  while  escaping  produces  the  vesicular  texture.  Dutch  cheese  does  not 
exhibit  this  appearance  on  account  of  being  strongly  pressed  and  containing  much  salt, 
by  which  the  fermentation  of  tlie  sugar  of  milk  in  tlie  cheese  is  prevented.  The 
quality  of  the  cheese  depends  to  some  extent  upon  the  temperature  of  the  room  in 
which  it  ripens.  At  Allgau  i  ci\i;.  of  Swiss  cheese  of  tlie  iirst  quality  is  produced 
from  600  litres  of  milk,  while  for  the  second  quality  720  to  750  litres  of  milk  are 
taken  for  the  same  weight.  The  theory  of  cheese  formation  is  not  well  known,  but 
it  appears  that  fermentation  plays  an  important  part  in  it.  W.  Hallior  has  proved 
that  freshly  made  cheese  is  filled  with  ferment  nuclei  {Kernhffe). 

Cheese  cannot  be  formed  without  this  ferment,  and  by  the  addition  of  suitable 
ferments  the  duration  of  tlie  cheese-ripening  process  and  the  quality  of  the  cheese 
may  be  to  some  extent  regulated  at  will.  By  exposure  to  air  cheese  undergoes 
changes  which  may  be  best  observed  in  skinmied-milk  cheese.  Wlien  new  or  young 
its  colour  is  white.  By  being  kept  so  that  it  does  not  dry,  it  turns  yellow  and  often 
becomes  transparent,  waxy,  and  then  exhibits  the  peculiar  odour  of  cheese.  When 
cheese  gets  very  old  it  becomes  a  soft  pasty  mass,  this  change  commencing  at  the 
outside  and  progressing  towards  the  interior.  The  waxiness  of  cheese  is  due  either 
to  an  evolution  of  ammonia  or  of  acid.  Mild  cheese  usually  exliibits  an  acid  reaction, 
while  strong  cheese  is  ammoniacal.  Chemically  speaking,  skimmed-milk  cheese  is 
a  compound  of  caseine  with  ammonia  or  ammonia  bases,  amylamine  for  instance. 
The  so-called  dry  cheeses,  green  Swiss  cheese,  consists  of  an  infusion  of  herbs, 
Melilotuif  &c.,  with  volatile  fatty  acids,  valerianic,  capric,  caproic  acids,  and  indif- 
ferent substances,  leucin,  kc.  The  composition  of  sweet  milk  cheese  (a)  and  of  sour 
skim-milk  cheese  (6)  is  exhibited  by  the  following  table : — 


a. 

b. 

Water    

... 

... 

... 

360 

44-0 

Caseine 

.« . 

... 

... 

290 

450 

Fatty  matter... 

... 

... 

..• 

305 

60 

Asn        ..•     •*. 

.  *. 

... 

... 

4*5 

50 

1000  XOO'O 
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The  results  of  the  researches  of  Payen  on  cheese  are  quoted  below  in  100  parts  for 
the  following  kinds :— i.  Brie.  2.  Camembert  3.  Roquefort.  4.  Double  cream 
cheese.  5.  Old  Neufchatel  cheese.  6.  New  Neufchatel  cheese.  7.  Cheshire. 
8.  Gruy^re.    9.  Ordinary  Dutch.     10.  Parmesan  cheese. 

I. 


I.  2.  3.  4.  5. 

Water    45*20  51*90  34*50  9*50  34*50 

Nitrogenous  matter     ...     1850  18*90  26*50  18-40  i3'oo 

Nitrogen        2-93  300  4*21  292  3*31 

Fatty  matters       2570  21*00  30*10  59*90  41*90 

Salts      5*6o  4*70  5'oo  6*50  3*60 

Non-nitrogenous  or&nuiic  \    . 

matter L lose           /    5°o  450  i'OO  570  700 

n. 

I 

r  , 

6.              7.  8.              9.  xo. 

Water     36*60  35'90  40*00  36*10  27*60 

Nitrogenous  matter     ...      8*00  26*00  31*50  29*40  44' 10 

Nitrogen        1-27  4*13  5*00          480  7*00 

Fatty  matters       4070  26*30  24*00  27*50  16*00 

Salts       0*50  4*20  3*oo          0*90  5*70 

Non-nitroRenons  organiO                     g^  g.^^  ^.^ 
matter  and  loss            j 

Tlie  varieties  mentioned  under  I.  exhibit  an  alkaline  reaction,  and  contain  with 
ammonia  cryptogamic  plants,  or,  as  it  is  termed,  are  mouldy.  The  varieties  under 
n.,  so-called  boiled,  strongly  pressed  and  salted,  cheese,  exhibit  an  acid  reaction,  as 
also  does  freshly  prepared  caseine.  A  portion  of  the  i&t  contained  in  the  cheese  is 
even  from  the  first  decomposed  into  glycerine  and  fatty  acids. 

Emmenthaler  (a)  and  Backstein  [b)  cheese  are  composed,  according  to  Lindt*8 
researches  (1868),  as  follows: — 


a. 

i 

6. 

vva«er ...     ...     ••• 

... 

... 

37*4 

367 

45*2 

35*8 

Fatty  matters    ... 

... 

... 

30*6 

30*5 

28*2 

37*4 

Caseine      

... 

... 

28*5 

29*0 

23*2 

24*4 

oaiis    ...    ...     ... 

... 

... 

3*5 

3-8 

3*4 

2*4 

loo'o  100*0  loo'o  100*0 

The  results  of  E.  Homig's  recent  analyses  (i  869)  of  different  kinds  of  cheese  are  :-r- 


z. 

2. 

3- 

4- 

5- 

6. 

7- 

8. 

Water      

3866 

5660 

51*21 

5764 

3672 

34"o8 

5928 

49*34 

Fatty  matters  ... 

20*14 

1705 

9*16 

20*31 

3369 

28*04 

io*44 

20*63 

Caseine    

34*90 

18*76 

3360 

18*51 

25*67 

23*28 

2409 

24*26 

Salts 

6*17 

678 

6oi 

351 

3*71 

5-58 

6*17 

5*45 

XiOSS...       ...      ... 

0*13 

0*81 

0*02 

0*04 

0*21 

0*02 

002 

0*32 

100*00   100*00   100*00   100*00   100*00   lOO'OO   IOO*00   100*00 
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I.  Dutch  cheese.  2  and  3.  Bamadoux  cheese,  made  in  Bavaria.  4.  Nenfchatel 
cheese.  5.  Gorgonzola  cheese.  6.  Bringen  or  Liptan  cheese,  from  the  Zyps 
Comitat,  Hungary.  7.  Schwarzenberg  cheese.  8.  Limburg  cheese,  made  in  the 
enyirons  of  Dolhain-Limburg,  in  Belgium. 

Freshly  made  caseine  mixed  with  lime  is  used  as  a  kind  of  cement.  Caseine  is 
also  used  in  calico-printing  as  a  mordant ;  and  a  solution  of  caseine  in  borax  is  used 
instead  of  glue.  In  the  seeds  of  the  leguminous  plants,  peas,  beans,  lentils,  &c.,  is 
met  with  a  nitrogenous  substance  which  is  soluble  in  water  and  predpitable  there- 
from by  weak  acids;  this  material  is  very  similar  to  caseine,  and  according  to 
M.  J.  Itiers's  accounts,  peas  and  beans  are  in  China  boiled  with  water  and  strained, 
and  to  the  liquid  thus  obtained  some  solution  of  gypsum  is  added,  whereby  the 
yegetable  caseine  (legumine)  is  coagulated,  and  the  coagulum  thus  obtained  is 
treated  as  that  of  milk,  obtained  by  the  addition  of  rennet  to  the  latter.  The  mass 
80  obtained  gradually  becomes  like  cheese  in  all  respects. 

Mkat. 

eoamihiM.  That  which  we  term  butchers*  meat  is  the  muscular  substance  of 
slaughtered  animals,  together  with  more  or  less  fisit  and  bone,  so  that  the  meat 
exhibited  for  sale  contains  on  an  average  in  xoo  parts : — 

Muscular  tissue     16 

Fat  and  cellular  tissue 3 

^^oues       ...     ...      ...     ...     ...     ..•     ...     •••  10 

tJ  lUces       ...     ...     ...     ...     .••     ...     •••     •••  7x 

XOO 

Muscular  tissue  is  histologically  composed  of  a  variety  of  complex  tissues  and 
fluids,  the  basis  of  which  is  animal  fibre  or  fibrin,  an  organised  pzoteine  oompoond. 
The  muscular  fibre  held  together  by  cellular  tissue  forms  the  muscles,  fat  being 
deposited  in  the  cellular  tissue  and  in  cells  peculiarly  constructed  for  that  purpose. 
Blood-vessels,  lymph-vessels,  nerves,  and  other  organised  tissues  are  dispersed 
through  the  muscles  and  serve  a  variety  of  physiological  purposes.  The  muacolar 
tissue  is  impregnated  with  a  proteine  fluid  in  which  are  met  with  a  variety  of  other 
substances,  as  kreatinin,  hypoxanthin,  kreatin,  inosite  or  muscular  sugar,  lactic  add, 
inosinic  acid,  extractive  matter,  and  inorganic  salts — among  these  ohloride  of 
potassium  and  phosphate  of  magnesia. 

oonittfciMnta  of  Meat  The  average  result  of  a  great  number  of  researches  recently  made 
on  the  large  scale  concerning  the  quantity  of  water  contained  in  the  meat  of  fattened, 
and  half-  or  non-fattened  animals,  are  the  following: — 

Lamb.     Sheep.    BuUoek.      Pig. 

In  the  non-fattened  meat     62  58  —  56 

„    „  half-fattened  meat     —  50  54  — 

„  fully-fattened  meat   49  40  46  39 

fat  meat      —  33  "■"  "~ 

It  hence  appears  that  with  an  increase  of  &i  the  quantity  of  water  present  in  meat 
decreases,  a  portion  being  replaced  by  fat.  Well  fed  and  fattened  meat  contains  for 
equal  weights  about  40  per  cent  more  diy  animal  '^matter  than  non-fattaned  meati 
wMe  in  highly  fattened  meat  it  may  amount  to  60  per  cent 


MEAT. 
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The  difference  in  natritiye  valae  of  the  meat  of  well-£Ekttened  bullocks  as  compared 
with  that  of  non-fieittened  is  exhibited  in  the  following  percentage  results  obtained  by 
Breunlin : — 
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1000  grms.  contain : — 

Mascular 
Meat. 

Meat  from  fattened  bullocks 356 

Meat  from  non-fattened  bullocks...    308 


Fat. 

Ash. 

Water, 
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15 
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81 

14 
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Difference 
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Consequently  the  meat  of  fattened  bullocks  contains  in  1000  parts  207  more  of 
solid  nutritive  matter  than  the  meat  of  the  same  in  unfattened  condition. 

The  cookinx  of  Meat.  Meat  is  either  roasted  or  boiled.  By  boiling,  meat  is  very  essentially 
altered  in  composition  according  to  the  time  it  is  boiled  and  the  quantity  of  water 
used  to  boil  it  in.  The  fluid  in  which  meat  has  been  boiled  contains  soluble  alkaline 
phosphates,  salts  of  lactic  and  inosinic  acids,  phosphate  of  magnesia,  and  a  trace  of 
phosphate  of  lime.  In  order  to  be  of  the  highest  nutritive  value,  meat  should  retain 
all  its  soluble  constituents ;  hence  boiled  meat  loses  much  in  nutritive  power.  The 
albumen  contained  in  meat  is  lost  by  boiling  according  to  the  usual  plan.  Meat 
intended  to  be  boiled  should  be  immersed  in  boiling  water  to  which  some  salt  has 
been  added,  the  meat  being  put  in  while  the  water  boils  violently,  whereby  so  great 
a  heat  is  at  once  imparted  to  the  outer  portions  of  the  meat  as  to  coagulate  the 
albumen,  which  then  acts  as  an  impermeable  layer,  retaining  the  juices  in  the  meat. 
Liebig*s  directions  for  making  good  broth  are  the  following: — ^Lean  meat  is  minced, 
mixed  with  distilled  water,  to  which  a  few  drops  of  hydrochloric  acid  and  common 
salt  are  added.  After  having  been  digested  in  the  cold  for  about  an  hour,  the  liquid 
is  strained  through  a  sieve,  and  upon  the  residue  some  distilled  water  is  again 
poured  so  as  to  extract  all  soluble  matter.  In  this  way  an  excellent  and  highly 
nutritive  cold  solution  of  extract  of  meat  is  obtained ;  this  may  be  drunk  without 
being  heated,  and  contains  albumen  in  solution,  which  is  coagulated  by  heating. 
100  parts  of  beef  yield  an  extract  containing  2*95  parts  of  albumen  and  3*05  parts  of 
other  constituents  of  meat  not  coagulable  by  heat.  Ghevreul  obtained  from  500  grms. 
of  beef  containing  77  per  cent  water,  27*25  grms.  of  extract,  in  which  were  325  grms. 
fat ;  deducting  these  there  remain  4*8  per  cent  extract.  The  bulk  of  this  fluid  extract 
was  1*25  litre,  the  weight  1013  grms.,  and  it  contained : — 


...     ...     ...     ...     ...     ...     ••. 


Water 

n,./*««;..  ^^*^^^  i  Soluble  in  alcohol    ... 
Orgamc  matter  [j^^^^y^i^  ^  ^^y^^i 

Alkaline  salts  ... 
Earthy  phosphates... 


...     ...     ...     ...     ... 


...     •*.     ...     ... 


99130 

9*44 
3'i2 

867 
0*46 


101309 


564  CHEMICAL  TECHNOLOGY. 

Broth  made  from  beef  contains  only  3  parts  of  meat  substanee  mclosiTe  of  glue 
and  fat. 

Under  the  best  conditionB,  i  kilo,  of  beef  yields : — 

Soluble  in  cold  water      ...    eolS^fi^J"^--     ^    ;"      g] 
Insoluble  in  cold  water    ...  ^7o{tiZi:'£2^TZ.    Z  ^£l 

f  WW    •••   •••   •••   •••   •••   2C/ 

Water 750 

siM  BoiiiBff  of  MMt.  We  have  already  stated  that  the  meat  intended  to  be  boiled 
should  be  immersed  in  boiling  water  and  the  fluid  kept  boiling  for  a  few  minutes,  so 
much  cold  water  being  next  added  as  will  reduce  the  temperature  of  the  liquid  to 
70^  or  74^.  At  that  heat  the  lic^uid  should  be  kept  for  some  hours  to  produce  a  very 
savoury,  sweet,  succulent  piece  of  boiled  meat.  If,  however,  it  is  desired  to  make  a 
strong  broth,  lean  meat  is  first  minced,  next  well  exhausted  with  cold  water,  and  then 
slowly  heated — best  on  a  water-bath — and  just  allowed  to  come  to  the  boil  over  a  slow 
fire.  The  liquid  is  strained  from  the  solid  meat,  and  the  latter  put  into  a  clean  doth  and 
well  pressed.  The  residue  is  fit  only  for  the  making  of  manure.  The  broth  may  be 
coloured  with  caramel  if  desired.  Broth  so  made  contains  all  the  soluble  consti- 
tuents of  meat,  and  exhibits  an  acid  reaction  owing  to  tlie  free  lactic  and  inosinic 
acids.  Brotli  does  not  owe  its  good  properties  to  the  gelatine  it  contains,  this 
substance  being  present  in  very  small  quantities,  while  the  so-called  bouilUm 
tahlettes  obtained  from  bones  are  altogether  unfit  for  food.  These  tablettes  should 
not  be  confused  with  solid  meat-extract  cakes  of  Russian  make,  which  contain, 
according  to  Beichardt  (1869) : — 

Water  driven  off  at  100''    15*13  per  cent. 

^vsu         ...     ...     ...     ...     ...     ...     ...     •.•     •.•      4  75    ((      ff 

f  Uw  ...        ...        ...        ...        ...        ...        ...        ...       •.•  %j  22      „         y, 

XNlvJrOg6U  ...       *••       ...       ...       ...       ...       ...       ...       XO  jf      t,         If 

Substance  soluble  in  alcohol  at  80  per  cent    ...    38*09    „    „ 

When  broth  is  boiled  for  a  long  time  it  becomes  deep  coloured  and  aasumet 
the  very  agreeable  flavour  of  roast  meat.  Evaporated  upon  a  water-bath  it  yields  a 
pasty  deep  brown-coloured  mass,  18*27  grms.  of  which  yield,  with  i  lb.  of  hot  water 
and  the  addition  of  some  salt,  a  very  strong  and  excellent  soup.  32  lbs.  of  bones 
with  the  adhering  scraps  of  lean  meat  yield  i  lb.  of  this  extract.  Extract  of  meat  as 
generally  met  with  is  now  made  in  South  America  by  several  firms,  viz.,  at  Fray- 
Bentos,  Uruguay,  Gualeguaychu  (Entre  Kios).  i  kilo,  of  this  extract  contains  all  the 
soluble  portion  of  34  kOos.  of  meat  witliout  bones,  or  45  kilos,  of  average  bntohen' 
meat.  Australian  extract  of  beef  (the  American  extract  is  of  mutton  and  beef  mixed, 
manufactured  by  R.  Tooth)  is  largely  imported  into  Europe.  The  chief  test  for  the 
purity  of  the  extract  of  meat  is  its  solubility  in  alcohol  at  80  per  cent,  next  the 
quantity  of  moisture  it  contains,  and  the  absence  of  albumen  and  fat.  60  per  cent  of 
the  extract  at  least  should  be  soluble  in  alcohol.  The  quantity  of  water  amounts  to 
about  16  per  cent,  tlie  nitrogen  to  10  per  cent,  and  the  ash  to  18  to  22  per  cent, 
consisting  essentially  of  phosphate  of  lime  and  magnesia,  chlorides  of  the  ftlV^)'<Mi, 
among  which  potassium  cliloridc  predominates. 

premsTTAtion  of  mmu  Among  tlio  many  mctliods  employed  for  the  preservation  of  meat, 
that  by  complete  exclusion  of  air  ranks  foremost.    Appert's  plan  of  paddog  meat  in 
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tin  oaniBters,  from  which  the  air  is  completely  exhausted,  is  generally  the  follow- 
ing:— The  meat,  or  very  concentrated  soups,  game,  Ac.,  is  put  into  tin  canisters, 
which  are  thoroughly  filled.  A  lid  is  then  soldered  on,  in  which  a  small  hole  is  made 
for  the  purpose  of  entirely  filling  any  interstices  with  gravy.  This  having  been 
done,  the  small  hole  is  soldered  over,  after  which  the  canisters  are  placed  in  a 
cauldron  filled  with  brine  and  boiled  therein  for  a  half  to  four  hours,  according  to 
the  size  of  the  canisters.  When  any  of  them  is  not  well  soldered,  there  will 
issue  from  the  leakage  smaller  or  larger  vesicles  of  air  and  vapour,  and  where 
8uch  is  the  case  hot  solder  is  applied  to  the  spot  By  this  boiling  the  albuminous 
substances  are  coagulated  and  converted  into  a  less-readily  putrescible  modification. 
The  oxygen  of  the  air  contained  in  the  canisters  is  partly  converted  into  carbonic 
acid,  partly  deozonised,  and  thus  rendered  inefiective  for  the  production  of  putres- 
cence. After  having  been  submitted  to  the  action  of  boiling  heat  for  some  time,  the 
canisters  are  placed  in  a  room  heated  to  30°,  and  left  there  in  order  to  test  whether 
putrefiustion  can  set  in,  manifested  by  the  bulging  outward  of  the  top  cover,  which, 
if  the  operation  has  been  thoroughly  successful,  is  usually  somewhat  concave  in  con* 
sequence  of  a  vacuum  having  been  formed  inside  tlie  tin.  After  having  been  thus 
tested  for  several  days,  the  canisters  may  be  considered  sound,  and  will  keep  for  an 
indefinite  period.  Dr.  Redwood's  method  of  preserving  meat  under  a  layer  of 
paraffin,  and  Shaler's  plan  of  preserving  meat  in  dry  carbonic  acid  gas  at  o^  are  in 
principle  the  same  as  Appert's  method. 

^SSSSaS  wlu?.^  Meat  may  be  preserved  by  drying  it  or  salting  it,  both  methods 
being  based  upon  the  withdrawing  of  the  water.  Although  drying  is  the  best 
method  of  preserving  meat,  it  is  an  operation  attended  with  very  great  diffi- 
culty. The  natives  of  North  and  South  America  cure  meat  by  cutting  it  into 
thin  strips,  removing  the  fat,  and  rubbing  Indian-corn  meal  on  the  surface.  Thus 
prepared,  the  meat  is  exposed  to  the  heat  of  the  sun  and  dries  rapidly,  forming  a 
flexible  non-putrescent  mass,  which  in  North  America  is  termed  Pemmikan,  in 
South  America  Tassajo,  and  in  South  Africa  Biltong  ue.  100  parts  of  beef,  which  is, 
after  drying,  rolled  up  so  as  to  form  a  compact  mass,  yield  26  parts  of  tasscgo.  The 
drying  of  meat  is  in  Europe  never  efiected  on  a  large  scale,  partly  on  account  of  the 
low  temperature,  partly  on  account  of  the  necessity  of  cutting  the  meat  into  pieces, 
rendering  it  in  many  instances  unfit  for  culinary  purposes. 

Mcmy  preparations  of  flour  and  meat  extract  have  been  introduced  at  different 
times  under  the  name  of  meat-biscuit,  first  made  in  1850  by  Gail  Bordon,  at 
Galveston,  in  Texas,  U.S.,  and  greatly  improved  upon  by  C.  Tliiel,  at  Darmstadt. 
The  latter  minces  fresh  lean  meat,  next  exhausts  it  with  water,  and  uses  the  liquid 
obtained  for  mixing  with  the  flour  instead  of  water.  The  large  biscuit  manufacturing 
firms  in  England,  especially  Huntley  and  Palmer  at  Reading,  prepare  patent  meat- 
biscuits  or  wafers,  made  witli  Liebig's  extract  of  meat  and  Hassall's  flour  of  meat. 
On  the  Continent,  E.  Jacobsen,  at  Berlin,  prepares  a  similar  biscuit,  more  especially 
with  the  view  of  preparing  soup.  To  the  mixtures  of  animal  and  vegetable  matter 
prepared  so  as  to  be  suitable  for  keeping  for  a  length  of  time  belong  the  pea- 
sausages,  first  made  by  Griincberg  in  Berlin,  and  largely  used  during  the  late  war 
as  an  excellent  food  for  the  German  armies. 

Salting  Meat. '  This  method  of  preserving  meat,  based  upon  tlie  principle  of  with- 
drawing water,  has  been  used  from  time  immemorial.  The  salt,  while  penetrating 
into  the  meat  and  thereby  hardening  it,  displaces  the  water  and  aidg  the  i^re^KstH^^ikssii. 
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of  the  snbetanoe.  The  fireshly-slaiightered  meat  is  first  nibbed  with  eoane  ;ndt,  and 
then  leftin  a  cask  with  salt  for  some  days.  It  is  next  pressed  and  put  into  another 
cask,  the  wood  of  which  has  been  previously  soaked  with  brine.  Some  salt  is  then 
added,  and  lastly  the  brine,  which  had  been  obtained  by  pressing  the  meal,  is 
poured  over  it,  and  the  lid  of  the  cask  put  on.  Frequently  some  nitrate  of  potash 
and  sugar  are  added,  as  well  on  account  of  the  antiseptic  property  of  these  snbstanoei 
as  for  imparting  a  bright  red  colour  to  the  meat 

Salt,  however,  not  only  withdraws  water  from  the  meat,  but  also,  as  has  been  proved 
by  Dr.  Liebig's  researches,  some  of  the  very  best  and  essential  portion  of  the  juices  of 
the  meat,  including  albumen,  lactic  and  phosphoric  acids,  magnesia,  potash,  kreatin, 
and  kreatinin.  Hence  it  is  clear,  that  unless  these  substances  are  in  some  way  or  other 
added  to  the  salted  meat,  its  use  as  food  for  a  lengthened  period  cannot  fiul  to  become 
injurious  to  the  system,  and  it  is  surmised  that  scurvy  is  due  to  this  condition  of  salt 
meat.  Liebig  has  suggested  that  meat,  instead  of  being  treated  with  dry  talt,  should 
be  salted  with  a  strong  brine  made  up  of  common  salt.  Chili  saltpetre,  chloride  of 
potassium,  and  extract  of  meat.  The  salt  to  be  used  for  making  this  brine  should  be 
previously  purified  by  the  application  of  a  solution  of  phosphate  of  soda,  whereby 
lime  and  magnesia  are  precipitated.  Cirio's  method  of  meat  preservation,  which  was 
exhibited  in  1867  at  the  Paris  Exhibition,  consists  in  placing  the  meat  in  vacuo  and 
then  forcing  brine  into  it.  By  this  process  the  nutritive  value  of  meat  is  much 
impaired  owing  to  the  loss  of  the  juices. 

Bmouog  or  coiioff  Meat  The  rationale  of  this  process  and  the  preservative  action  of  the 
smoke  have  not  been  scientifically  elucidated.  In  the  first  place  the  heat  of  the  smoke 
dries  the  meat,  while,  further,  smoke  contains  a  creosote,  which,  according  to  the 
more  recent  researches  of  Hlasiwetz,  Gorup-Besanez,  Marasse.  and  others,  essentiaUy 
consists  of  a  mixture  of  C7H8O3.  CsHjoOa,  and  GgHx^Oa.  Tliis  creosote  possesses 
tlie  property  of  coagulating  the  albuminous  substances  of  meat,  and  once  coagulated 
and  thereby  rendered  insoluble  these  substances  are  not  capable  of  decay,  or  only 
so  after  a  very  great  lapse  of  time.  Smoke,  moreover,  contains  some  pyroligneous  add 
and  other  creosote-like  substances  (oxyphenic  and  carbolic  addsj,  which  undoubtedly 
play  some  part  in  the  preservative  action. 

Vinegar  is  an  excellent  preservative  of  meat,  especially  in  hot  summer  weather. 
Abroad  meat  is  frequently  put  into  a  clean  linen  cloth  which  is  thoroughly  soaked 
with  vinegar,  some  salt  also  being  sprinkled  on  the  cloth.  Meat  kept  for  a  few  days 
in  this  manner  is  veiy  tender  and  readily  digested.  It  is  very  probable  that  vinegsr 
might  be  advantageously  employed  on  the  large  scale  for  the  preservation  of  meat 
together  with  complete  exclusion  of  air.  In  order  to  prevent  the  vinegar  extracting 
the  juices  of  the  meat,,  the  latter  should  be  exposed  to  the  action  of  the  vapours  of 
strong  vinegar. 

Lamy  more  recently,  and  Braconnot,  Robert,  and  De  Dombasle,  nearly  half  a  cen- 
tury ago,  proposed  to  preserve  meat  by  the  aid  of  sulphurous  acid  gas,  pieces  of  meat 
weighing  some  2  to  3  kilos,  being  exposed  to  the  action  of  this  gas  for  ten  miwiitaii, 
while  larger  pieces  of  10  kilos,  and  more,  are  exposed  to  the  action  of  the  gas  for  20  to 
25  minutes.  After  liaving  been  exposed  to  fresh  air  for  some  minutes  for  the  purpose 
of  getting  rid  of  the  excess  of  the  gas,  the  meat  is  coated  with  a  brush  with  a  solu- 
tion of  albumen  in  a  decoction  of  marsh-mallow  root,  to  which  some  molafWffli  have 
been  added.  Very  recently  meat  has  been  preserved  by  first  drying  it  in  a  onirent  of 
hot  air  and  next  coating  it  with  a  film  of  caoutchouc  or  gutta-percha,  by  immeniDg 
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the  meat  in  a  solntion  of  these  sabetances  in  chloroform  or  sulphide  of  carbon.  It  is 
Yexy  generally  known  that  a  temperature  below  freezing-point  is  a  most  perfect  pro- 
tection against  decay  of  animal  matter ;  hence  ice  is  largely  used  for  the  preservation 
of  fish  in  summer  time.  Meat  as  well  as  game  and  poultry  are  best  preserved  in  hot 
weather  in  ice  pits.  In  no  country  of  the  world  is  so  much  use  made  of  this  mode 
of  preserving  meat  and  vegetables  as  in  Russia,  where  the  very  severe  winter  is 
turned  to  good  account  by  the  preserving  of  all  kinds  of  animal  food ;  in  fact,  oxen, 
sheep,  hogs,  deer,  and  all  kinds  of  game  and  poultry  are  brought  to  market  in  a  frozen 
condition,  and  may  be  kept  so  for  any  length  of  time  without  impairing  the  goodness 
or  taste  after  cooking.  At  St.  Petersburg  large  stores  of  frozen  animal  food  and 
game  brought  from  distances  of  hundred  of  miles  are  kept  throughout  the  winter.  At 
the  Domburg,  near  Hadamar  (Province  of  Nassau,  Prussia),  a  natural  permanent 
ice  store  exists  wherein  perishable  food  is  kept  stored  in  large  quantity.  The 
artificial  production  of  ice  by  means  of  Carry's  machine  is  employed  in  New  South 
Wales  for  the  freezing  of  meat,  which  is  next  packed  in  ice  ready  for  transport. 
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DYEING   AND  CALICO   PHINTINO. 

On  Dyeing  and  Printing  in  General. 

DyeiBff  Mid  Printing  in  oeneraL  Tho  objcct  of  the  art  of  dyeing  is  to  impart  to  teztfle 
fibres,  chiefly  in  the  shape  of  woven  tissue,  bat  in  many  instances  as  yam,  some 
colour  or  other.  Dyeing  is  distinguished  from  painting  by  the  £Btct  that  the 
pigments  are  fixed  to  the  animal  and  vegetable  textile  fibres  according  to  certain 
physico-chemical  principles,  and  are  not,  as  in  painting,  simply  fixed  by  adhesion  to 
the  surface,  although  painters  and  artists  occasionally  use  the  same  pigments. 
Printing  consists  in  the  duplication  of  coloured  patterns,  and  is  a  very  important  part 
of  dyeing. 

vjm.  The  materials  employed  for  the  production  of  colours,  the  dyes  and  pigments, 
are  partly  of  mineral,  animal,  and  vegetable  origin,  partly  artificially  obtained — ^that 
is,  the  products  of  modem  chemistry.  Among  the  veiy  large  number  of  inorganie 
pigments  few  only  are  as  such  fit  for  use,  and  if  employed  at  all  it  is  by  an  indirect  or 
circuitous  process,  that  is,  they  are  produced  upon  the  woven  fabric  itselfl  For 
instance,  chromate  of  lead  is  obtained  by  first  impregnating  the  woven  tissae  with 
acetate  of  lead,  after  which  the  fabric  is  treated  with  a  solution  of  bichromate  or 
neutral  chromate  of  potash,  the  result  being  the  formation  of  a  solid  adhering 
chromate  of  lead.  Among  many  other  inorganic  pigments  may  be  enumerated — 
Berlin  blue  ;  hydrated  oxide  of  iron,  for  drab,  nankeen,  or  rust  colour ;  bistre  colour, 
hydrated  oxide  of  manganese :  chrome-green,  oxide  of  chromium.  Among  the  dyes 
of  animal  origin  are — ^The  ancient  Tyrian  purple,  derived  from  a  mollusc,  a  native  of 
the  Mediterranean,  now  not  used ;  kermes  (Coocus  iliois) ;  cochineal  (Coccu»oae^;  lio 
dye  {Coccus  lactxB),  A  much  larger  number  of  dyes  are  obtained  frt>m  the  vegetahk 
kingdom.  It  appears  from  recent  researches,  tliat  a  large  number  of  the  so-caDsd 
vegetable  pigments  are  present  in  the  plants  themselves  in  a  colourless  oonditioiiy 
becoming  coloured  by  the  action  of  the  atmosphere.  It  is  impossible  to  mention  toy 
general  properties  of  the  vegetable  pigments,  because  excepting  the  &ct  that  they  are 
all  coloured,  they  are  not  possessed  of  any  property  common  to  alL  Nearly  all  dyes 
fade  by  the  combined  action  of  sunlight  and  moist  air.  Chlorine  destroys  most 
colours ;  while  many  dyes  are  bleached,  not  destroyed,  by  sulphurous  acid.  We  owe 
to  the  researches  of  modem  chemistry  a  class  of  pigments  which  surpass  in  beauty 
almost  all  the  native  dye  materials.  These  chemically  prepared  dye  materials  are 
chiefly  derived  from  coal-tar,  more  particularly  from  benzol,  toluol,  carbolio  acid, 
anthracen,  and  naphtlialin.     The  pigments  derived  from  these  snbatanoes  are 
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commonly  termed  aniline  or  coal-tar  colours,  fnclisin,  magenta,  aniline  blue  and  violet, 
Manchester  yellow,  aniline  orange,  picric  acid,  aniline  brown,  coralline,  alizarine 
(artificially  prepared  from  autliracen),  magdala  red,  aniline  black,  and  aniline  green. 
Among  the  chemically  prepared  colouring  matters  should  be  mentioned  those 
obtained  by  the  decomposition  of  the  alkaloids  (cinchonine,  quinine,  &c.),  chinoline 
blue,  quinine  green  (thalleiochine),  and  also  murexide,  a  product  of  the  decomposi- 
tion of  uric  acid. 

Lake  PiKmenta.  The  so-called  lakcs  are  compounds  of  starch,  alumina,  oxide  of  tin,  oxide 
of  lead  with  sometimes  carbonate  of  lime,  baryta,  or  oxide  of  antimony ,  with  the  colouring 
matter  of  madder,  cochineal,  woad,  logwood,  tar-colours  (viz.  coralline,  fuchsin,  aniline 
violet),  but  as  yet  these  substances  are  not  prepared  in  definite  proportions.  By  paints 
we  understand  substances  which  as  a  rule  are  insoluble  in  water  and  are  mixed  with 
either  weak  glue  solution,  being  then  termed  water-colours,  or  with  linseed  oil,  called 
oil-paints.  To  these  pigments  belong  white-lead,  red-lead,  ultramarine,  Berlin  blue, 
Vermillion,  chrome-yellow,  bone-black,  &c.  The  ordinary  water-colours  are  insoluble 
in  water,  being  finely  suspended  therein  by  the  aid  of  gum,  white  of  egg,  gum 
tragacanth,  &c.  The  pastel  pigments  used  for  drawing  are  made  up  of  various 
pigments,  mixed  with  pipe-clay,  soap,  and  some  tragacanth  mucilage,  and  moulded 
into  cylindrical  sticks. 

coUmiiDff  MatoriAU.  Dyeing  means  strictly  the  tinging  or  colouring  of  absorbent 
substances  by  impregnating  them  with  solutions  of  colouring  matters.  It  is  thus 
opposed  to  painting,  which  consists  in  laying  a  colour  upon  the  surface  to  be 
coloured.  In  the  art  of  dyeing  some  colouring  matters  are  applied  by  immersing 
the  tissue  to  be  coloured  in  the  decoction  or  solution  of  the  pigment.  Some  sub- 
stances are  applied  to  the  sur&ce  of  the  woven  fabric  by  the  intervention  of  what 
is  technically  termed  a  mordant,  which  is  in  the  case  now  under  consideration 
only  a  means  of  obtaining  adhesion,  as  when,  for  instance,  ultramarine  is  fixed  by 
the  aid  of  white  of  egg.  Sap-colours  are  substances  more  or  less  soluble  in  water, 
covering  very  slightly,  and  more  or  less  translucent,  as  sap-green,  gamboge,  carmine 
solution,  many  of  the  tar-colours,  &o. 

^  The  Coal- Tar  Colours. 

ooiO-Ttf.  This  substance  is  very  largely  obtained  as  a  by-product  of  the  dry  dis- 
tillation of  coal  for  the  purpose  of  gas  manufacture,  and  is  a  most  complex  mixture 
of  a  very  large  number  of  substances,  among  which  are  fluid  and  solid  hydro- 
carbons (benzol,  toluol,  cumol,  cymol,  anthracen,  nai|»hthalin) ;  acids  (carbolic  or 
phenylic,  cresylic,  phlorylic,  rosolic) ;  bases  (aniline,  chinoline,  odorine,  picoline, 
toluidine,  coridine,  &c.),  and  asphalte-forming  materials.  Leaving  tlie  small  quantity 
of  basic  substances  out  of  the  question,  100  parts  of  tar  consists  of  the  following 
substances : — 


Benzol 

1-5 

Naphtha    ... 

35'o 

Naphthalin 

22'0 

Anthracen ... 

I'O 

Carbolic  add 

90 

Pitoh 

3X-5 

ZOO'O 
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Bj  fractional  diatUlatioii  of  tar  we  obtain,  on  the  one  hand,  light  oils,  from  wluoh 
benzol  and  its  homolognea  are  separated ;  on  the  other  hand,  heavy  tar  oil,  which  i> 
naed  for  making  carbolic  acid  ;  while.  lastly,  anthracen  is  aepaiated  from  the  pitch. 

Approxjmatively,  the  following  table  shows  the  quantity  of  Qie  Tarioua  materialB 
obtained  by  the  dry  diBtillation  of  coal : — 

loo  kilos,  of  coal  yield  3'oo  kilos,  of  tar. 
o  kilos,  of  tar  yield  075  to  i  kilo,  of  anthiaeen. 
3  00  kilos,  of  erode  benioL 
i'5o  kilos,  of  pure  bensol. 
3'00  kiloa.  of  nitro-benzoL 
225  kiloH.  of  crude  aniline. 
3-37  kilos,  of  crude  aniline  red. 
i'i2  kilos,  of  pore  fuoluin. 

Fat  the  preparation  of  i  kilo,  of  pure  fuclisin  60  cwts.  of  coal  are  required. 

bhidl  Cliemically  speaking,  benzol  or  benzine  is  a  fluid  hydrocarbon,  6aHe,  dis- 
covered in  1825  by  Faraday  among  the  pTodnets  of  the  diy  diatdllfttiou  of  oil,  in 
the  liquid  reeulting  from  the  strongly  compreaeed  oil  gas.  In  1833  Mitacherlich 
obtained  this  body  by  dislilliiig  bcnzoatc  of  lime.  Leigh,  at  Uaneheater,  1843,  fiiat 
discovered  benzol  in  coal-tar ;  and  to  Mansfield's  researches  ie  due  the  method 
of  separating  benzol  from  tar  by  a  process  available  on  the  large  eeale. 

The  benzol  as  met  with  in  commerce  is  a  mixture  of  benzol  bwling  at  80*4*  with 
toluol,  C^Hg,  boiling  at  106° ;  xylol.  CaHio.  boiling  at  130' ;  cnmol,  C,Hib.  boiling  at 
131°;  and  cymol,  Ci,JIii,  boiling  at  175°;  benzol  and  toluol,  however,  predominate 
Abroad  benzol  is  sold  to  the  aniline  makers  at  a  certain  specified  percentage 
of  benzol.  CgHg;  for  instance,  benzol  at  30  to  40  per  cent  contains  by  bulk  or 
weight,  as  may  be  agreed  upon,  the  above  percentage  of  the  compound  GeHt.  the 
rest  being   60  to  70  per  cent  of 


boil  the  vapours  are  condensed 

the  water  in  c  has  been  heated 

condensed  in  the  cooler,  o,  the  liquid  flowing 

water  in  0  begins  to  boil,  all  the  sahetaaces  contained 


tolnot  and  xylol,  fbnning  a  flnid 
which  is  suitable  for  makiog  aniline 
red,  while  for  aniline  blue  or  black  a 
fluid  at  90  per  cent  benzol,  CeHc.  is 
required.  The  boiliag-poiut  of  the 
benzols  nsnally  employed  for  making 
the  so  called  tar-colonrs  varies  from 
80  to  120°, while theapecifiagiavitf 
vanes  from  0-85  to  0-89. 

Benzol  is  prepared  from  light  tar 

oil  which  boUs  below  150'.     The 

apparatus  invented  by  Hanafidd  for 

this  purpose  is  shown  in  Fig.  365. 

A  IS  the  still  placed  on  a  ftimaee, 

B    0  19  filled  with  cold  vratar.    Am 

soon  aa  the  oil  in  the  still  begina  la 

and  flow  back  mlo  a;  this  oontinuee  until 

a  certam  temperature,  when  the  vapons  an 

n  into  the  carboy,  s.  As  soon  as  the 

the  tar-oil  and  vdalS* 
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Kt  100°  are  condensed  and  collected  in  s.  A  rerj  pnre  benzol  is  prepftred  with  this 
apparatna.  By  opening  the  t«p  m.  the  hydrocarbons  which  boil  above  loo*  can 
be  rectified.  The  stopcock,  i,  is  used  for  emptying  the  still.  In  the  benzol  works  the 
apparatus  exhibited  in  Fig.  26G  ia  used,    a  is  the  atlU,  u  the  condenser,  c  a  water 

Fia.  266. 


ttMk.  At  the  eommeneement  of  the  operation  the  water  in  o  is  heated  by  means  of 
the  ateam-pipe  d,  vrbitii  conunnnicates  with  the  steam  boiler.  The  tube  o  is  attached 
to  the  still;  i  is  a  contrivanoe  for  liUiug,  b  for  emptying  it.    The  oondeneed-w 
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carried  off  by  means  of  h.  By  freezing  benzol  and  preBsing  the  Bolid  sabateiioe 
obtained  it  may  be  rendered  quite  pore. 

In  the  year  i860.  Dr.  £.  Kopp,  at  Turin,  showed  that  the  prepantion  of  benzol 
might  be  advantageously  effected  by  the  use  of  an  apparatus  similar  in  oonstroctioa 
to  that  employed  in  spirit  distilleries.  Coupier  has  constructed  an  apparatnaapon  this 
principle,  which  is  shown  in  Fig.  267.  a  is  the  still ;  at  b  the  cmde  benzol  is 
poured  in ;  c  is  a  steam-pipe  for  heating  the  still  and  its  contents.  The  Tupaon 
evolved  from  the  boiling  liquid  are  carried  into  the  column  m.  which  acts  as  a  dephleg- 
mator,  by  which  a  first  fractionation  is  effected.  The  volatile  vapours  which  are  not 
condensed  in  n  are  carried  to  the  apparatus  d,  which  is  filled  with  'a  solution  of 
chloride  of  calcium.  This  apparatus  is  kept  at  a  uniform  temperature  detennined  bj 
the  thermometer,  t,  and  maintained  by  the  steam-pipe  m. 

The  steam  conveyed  by  the  heating  pipe  escapes  by  p.  When  it  ia  deaired  to  pre- 
pare pure  benzol  tlie  chloride  of  calcium  solution  is  heated  to  So'*.  The  vaiKmra  whidi 
are  conveyed  to  o  are  a  mixture  of  benzol,  toluol,  &c.  As  the  temperature  of  the 
receiver  o  does  not  exceed  So**,  the  vapours  of  toluol  and  other  homologoui 
compounds,  as  xylol,  are  condensed ;  while  the  vapours  still  uncondensed  are  carried 
to  the  receivers  h,  i,  and  k,  losing  or  depositing  there  the  last  traces  of  the  lees 
volatile  liydrocarbons.  becoming  finally  condensed  in  l,  surrounded  with  cold  water, 
and  trickling  down  into  tlie  carboy,  m.  The  fluid  condensed  in  o,  h,  i,  and  k,  flows 
back  into  the  column  n.  As  the  receiver  o  contains  the  heaviest  oils  these  are 
carried,  for  the  purpose  of  dephlegmation,  to  the  lower  portion  of  the  colonm,  while 
the  products  condensed  in  k  are  conveyed  by  pipes  into  the  upper  porti<m  of 
the  column.  When  it  is  desired  to  prepare  toluol  instead  of  benzol  the  ohloride  of 
calcium  apparatus  is  heated  to  108°  to  109"*. 

H.  Garo,  A.  and  K.  Clemm,  and  F.  Engelhom  have  suggested,  instead  of  making 
benzol  from  coal-tar,  it  should  be  extracted  from  coal-gas  by  causing  this  to  be  passed 
slowly  through  tar-oils  which  have  a  higher  boiling-point  than  benzol,  toluol,  Ac.,  and  to 
extract  by  distillation  the  benzol,  &c.,  from  tliese  heavy  oils  after  they  have  become 
saturated.  The  heavy  oils  can  serve  the  same  purpose  again,  while  as  regards  the 
depreciation  of  the  illuminating  power  of  the  gas  caused  by  the  withdrawal  of  the 
hydrocarbons,  benzol,  &c.,  present  in  the  gas  as  vapours,  the  authors  suggest  the 
saturation  of  the  gas  with  petroleum  oil  (benzoline).  This  mode  of  making  benzol  is 
not  yet  practised  on  the  largo  scale. 
Kitro-bensoL      The  bcuzol  is  Converted  into  nitro-benzol  by  the  aid  of  nitric  acid ;  the 

commercial  article   is    a  mixture  of  nitro-benzol,  Cej^X      nitro-tolnol,  C7|{t^ 

and   nitro -xylol,  ^Si^^f)  *      ^*  ^tscherlich  discovered  nitro-benzol  in  1834,  and 

C.  Gollas  first  prepai'ed  this  substance  on  the  large  scale  at  Paris  under  the  name  of 
Essence  de  Mirhane.  The  apparatus  employed  formerly  for  the  making  of  this  prepara- 
tion was  contrived  by  Mansfield,  and  consists  of  a  convoluted  glass  tube,  which 
towards  its  top  or  upper  end  is  bifurcated  so  as  to  form  two  separate  tubes  fitted 
with  funnels.  Into  one  of  these  a  continuous  stream  of  benzol,  and  into  the  other 
strong  nitric  acid,  is  caused  to  flow;  and  while  these  liquids  are  carried  downwards 
by  gpravitation  tlirough  the  windings  of  the  tube  the  combination  takes  place,  and 
the  warm  liquid  is  so  far  cooled  that  it  can  be  collected  at  the  lower  end  of  the  taba 
The  crude  nitro-benzol  thus  obtained  is  rendered  pure  by  first  washing  it  with  Wit* 
and  next  with  a  dilute  solution  of  carbonate  of  soda. 
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Para-nitro-benzoic  acid,  a  sabstance  isometric  vrith  nitro -benzoic  acid,  is  found  in 
the  washings  of  the  nitro-benzoL 

It  is  preferable,  however,  to  prepare  nitro-benzol  from  a  mixture  of  2  parts  of 
nitric  acid  at  40**  Beanm6  (sp.  gr.  1*384)  and  i  part  of  concentrated  sulphuric  acid, 
the  operation  being  carried  on  in  closed  vessels  very  similar  to  those  in  use  for 
making  aniline.  The  upper  part  of  the  apparatus  is  fitted  with  a  tube  for  conveying 
the  nitrous  acid  fumes  to  a  chimney,  while  an  S-shaped  tube  connects  the  apparatus 
with  the  tank  containing  the  acid  mixture.  The  quantity  of  benzol  intended  to  be 
nitrated  is  introduced  into  the  apparatus  at  one  time ;  the  mixed  acids  are  gradually 
poured  into  the  benzol,  and  the  reaction  aided  by  a  stirring  apparatus.  Any  benzol 
volatilised  by  the  heat  generated  by  the  reaction  is  condensed  by  an  apparatus  fitted 
to  the  reaction  vessel  and  is  thus  saved.  The  end  of  the  reaction  is  indicated  by 
the  liquid  becoming  colourless  and  being  separated  into  two  distinct  strata  by  the 
addition  of  water.  The  acid  is  first  diluted  to  50**  B.  (sp.  gr.  1*532)  and  the  fluids 
are  separated  by  decantation.  The  nitro-benzol  is  purified  by  washing  with  water, 
the  dilute  acid  mixture  being  used  either  in  the  making  of  sulphuric  acid  or  in 
other  chemical  processes,  such  as  the  preparation  of  superphosphates.  On  E.  Kopp's 
suggestion  nitro-benzol  is  now  made  by  the  aid  of  a  mixture  of  nitrate  of  soda  and 
sulphuric  acid.     100  kilos,  of  benzol  yield  135  to  140  of  nitro-benzol. 

We  distinguish  three  different  kinds  of  nitro-benzol,  viz. : — i.  Light  nitro-benzol, 
boiling  between  zos**  and  210**.  This  is  used  in  perfumery  and  soap-making  in  very 
large  quantities  under  the  name  of  artificial  oil  of  bitter  almonds,  or  Essence  de 
Mirbane,  sp.gr.  =  i'20  (=  24°  B.)  2.  Heavy  nitro-benzol,  boiling  between  210**  and 
220^,  possessing  a  peculiar  fatty  smell.  It  is  not  used  in  perfumery,  but  chiefly  for 
the  preparation  of  aniline  red;  sp.  gr.  =  1*19  (=  28'' B.)  3.  Very  heavy  nitro- 
benzol,  boiling  between  222"  and  235**,  sp.gr.  =  1*167  (=  5^"  ^0  ^^  disagreeable 
odour,  this  kind  is  chiefly  used  for  the  preparation  of  aniline  intended  for  making 
aniline  blue. 
Aiduiie.  The  crude  aniline  used  for  the  preparation  of  the  so-called  tar  or 
aniline  colours  is  essentially  a  mixture  of  aniline,  C6H7N,  toluidine,  C7H9N,  and  the 
pseudo-toluidine  discovered  by  Rosenstiehl,  a  body  isomeric  with  toluidine.  This 
kind  of  aniline  is  known  in  the  trade  as  aniline  oil.  Pure  aniline  and  pure  toluidine 
only  yield  pigments  under  special  conditions.  Aniline  was  discovered  at  Dahme.  in 
Saxony,  by  Dr.  Unverdorben,  in  1826,  among  the  products  of  the  dry  distillation  of 
indigo,  and  in  1833  Runge,  at  Oranienburg,  near  Berlin,  discovered  its  presence  in 
coal-tar.  Runge  also  discovered  that  aniline  yielded,  when  brought  into  contact 
with  a  solution  of  hypochlorite  of  lime  (bleaching-powder),  a  beautiful  violet  colour ; 
hence  the  name  kyanol  {blue  colouring  oil).  Dr.  von  Fritzsche,  St.  Petersburg,  1841, 
thoroughly  investigated  the  substance  obtained  by  Dr.  Unverdorben  from  indigo, 
ascertained  its  composition,  and  called  it  aniline,  from  anil,  the  Portuguese  term  for 
indigo.  In  the  year  1842  Zinin  found  that  when  nitro-benzol  was  treated  with 
sulphuretted  hydrogen,  there  was  formed  a  base  which  he  termed  benzidam.  The 
further  researches  of  O.  L.  Erdmann  and  Dr.  A.  W.  Hofmann,  brought  the  fact  to  light 
that  Dr.  Unverdorben's  crystalline,  kyanol,  benzidam,  and  aniline  were  the  same 
substance,  to  which  the  name  aniline  was  then  finally  given.  We  owe  to  the  exten- 
sive researches  of  Dr.  A.  W.  Hofmann  our  present  knowledge  of  amline  and  its 
compounds. 

Coal-tar  contains  0*3  to  0*5  per  cent  of  aniline,  but  its  extraction  €tQii&.  Vax  ; 
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attended  with  so  meay  difltcultiee  that  it  is  preferred  to  prepare  uiiliitB  frcm  nitn- 
Iwnzol  bj  a  reaction  discovered  by  Zioin ;  that  is  to  Bay,  to  bring  nitro-beniol  into 
contact  with  rednciQg  agents,  i  molecule  of  nitro-beozul,  CbHjNiO  ^  113,  jieUi 
I  molecule  of  anlliue.  C^H^N  =  95.  lu  practice  it  is  anumed  that  100  paita  of  nitro- 
benzol  field  100  parts  of  aniline. 

Althungh  Bulpliurutted  )iydroi;en  completely  reduces  nitrobeniol  to  aiuline,  the 
trade  working  ou  tlie  large  scale  prefers  lu  follow  Bichamp'smetliod.  the  treatment  of 
nitro-benzol  with  iron-Iilinga  nnd  acetic  ncid.  '  The  nppsrstnB  in  nee  for  cuiTing 
oat  tliis  operation  wns  devised  by  Nicholsoa,  and  is  exhibited  in  Fig.  268.  It 
consists  essentially  of  a  cast-iron  cylinder,  a,  of  10  hectolitres  iato  galloDB)  cdUs 
capacity.  A  stnnt  iron  tube  is  Acted  to  this  vessel  reaching  nearly  to  the  bottom  of 
tlie  cylinder.'   The  upper  part  of  this  tabc  is  connected  with  the  maohinety  «,  while 

Fto.  168. 
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the  surface  of  the  tnbc  is  filled  with  steel  projections.  The  tube  serres  to  admit 
steam  as  well  au  acting  us  a  stirring  apparatus.  Sometimes,  instead  of  thia  tube,  a 
solid  iron  axle  is  employed,  and  in  this  case  there  is  a  separate  Bteam-pipe.  i>. 
Through  the  opening  at  k  the  matcriaht  for  making  aniline  are  put  into  the 
apparatus,  wliili^  tlie  volitlile  products  are  carried  off  t)iron;;h  B.  h  serves  fat 
emptying  and  iloatiing  the  appiiralua.  The  S-shaped  tube  connected  with  thi 
vessel  B  acts  as  a  siif'ly- valve.  Wieu  it  is  intended  to  work  with  this  appaiatns, 
there  is  first  pnnred  intj)  it  through  k  10  kilos,  of  acetic  acid  at  8°  B.  (=Bp.gr,  1060), 
previoualy  diluted  with  six  tinits  tlio  weight  of  water :  next  tliere  are  added  30  kilos. 
of  irou-tiUngs  or  coat-iron  borings,  and  125  kilos,  of  nitro-benzol,  and  immediats)f 
after  tlie  stirring  apparatus  is  set  in  motion.  The  reaction  ensues  directly,  and  is 
attended  by  a  considerable  evolution  of  heat  and  of  vapours.    GradnaOy  mon  inn 
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is  added  until  the  quantity  amounts  to  i8o  kilos.     The  escaping  vapours  are 

condensed  in  f,  and  the  liquid  collected  in  r  is  from  time  to  time  poured  back  into 

the  cylinder,  a.    The  reduction  is  finished  after  a  few  hours.      The  resulting  thick 

magma  exhibits  a  reddish-brown  colour,  and  consists  essentially  of  hydrated  oxide  of 

iron,  aniline,  acetate  of  aniline,  acetate  of  iron,  and  excess  of  iron.    Leaving  the 

acetic  acid  out  of  the  question,  the  process  may  be  elucidated  by  the  following 

formula:— 

C6H5NOa+HaO+Fea=C6H7N+Fea03. 

Nitro-benzol.  Aniline.  Peroxide 

of  iron. 

This  magma  is  either  first  mixed  with  lime  or  is  put  into  cast-iron  cylinders  shaped 
like  gas-retorts,  and  submitted  to  distillation,  the  source  of  heat  being  either  an  open 
fire  or  steam.  The  product  of  this  operation,  consisting  of  aceton,  acetaniline, 
aniline,  nitro-benzol,  &c.,  is  rectified  by  a  second  distillation,  care  being  taken  to 
collect  only  the  product  which  comes  over  between  115°  and  190°;  but  a 
product  which  comes  over  at  between  210°  and  220"*  is  very  suitable  for 
the  preparation  of  aniline  blue.  The  aniline  oil  thus  obtained  is  a  somewhat 
brown-coloured  liquid,  heavier  than  water,  and  pure  enough  for  tlie  preparation  of 
the  aniline  colours.  According  to  Brimmeyer,  acetic  acid  is  not  necessary,  and  a 
very  good  result  may  be  obtained  by  mixing  nitro-benzol  with  60  parts  of  pulverised 
iron  with  acidified  water  (2  to  2*5  per  cent  of  hydrochloric  acid  upon  the  weight  of 
nitro-benzol),  and  leaving  tliis  mixture  to  stand  in  a  retort  for  some  three  days 
before  distilling  off  the  aniline  oil.  In  the  aniline -oil  works  of  Cobleutz  Fr^res,  at 
Paris,  nitro-benzol  is  reduced  by  the  aid  of  iron-filings,  a  portion  of  which  have  been 
coated  with  copper  by  being  immersed  in  a  solution  of  the  sulphate. 

The  composition  of  the  aniline  oil — essentially  a  mixture  of  aniline,  toluidine,  and 
pseudo-toluidine — depends  upon  the  nature  of  the  benzol  and  nitro-benzol  used  for 
its  preparation.  The  aniline  oil  boiling  between  180''  and  igs''  (sp.  gr.  =  1014  to 
I'oai  =  2**to  3°B.)  is  prepared  from  nitro-benzols  which  boil  between  210°  and  220**, 
and  the  aniline  it  yields  is  cliiefly  used  for  aniline  red ;  while  for  aniline  blue  a  very 
heavy  nitro-benzol  is  employed,  and  for  aniline  violet  a  nitro-benzol  which  boils  at 
210°  to  225^.  The  following  table  exhibits  the  boiling-points  of  the  substances  which 
have  been  mentioned : — 

Benzol     80°  Nitro-toluol    ...     225^ 

Toluol      108°  Aniline     182° 

Nitro-benzol    213^  Toluidine        198** 

As  regards  the  annual  production  of  aniline  oil  it  is  now  (1871)  3,500,000  lbs.,  of 
which  2,000.000  lbs.  are  consumed  in  Germany,  and  the  remainder  in  Switzerland, 
England,  and  France. 

I.  Aniline  Coloun. 

AnfflMCoioQn.  The  aniline  oil  serves  for  the  industrial  production  of  the  so-called 
aniline  or  toluidine  colours: — i.  Aniline  red.  2.  Aniline  violet.  3.  Aniline  blue. 
4.  Aniline  green.  5.  Aniline  yellow  and  aniline  orange.  6.  Aniline  brown.  7.  Ani- 
liae  black. 

AnOiMBad.  I.  This  pigment  or  dye,  also  known  as  fuchsin,  azaleine,  mauve, 
solferino,  magenta,  roseine,  tyraline,  &o.,  is  the  combination  of  a  base,  which 
Dr.  A.  W.  Hofinaim  has  named  roeaoiliiie,  with  an  add,  usually  acetic  or  hydro* 
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chloric.    In  Germany  and  Switzerland  fuchsin  is  the  hydrochlorate  of  tosaailine, 
CaoHx9N3,ClH ;  while  in  England  the  acetate  is  used,  the  formula  being 

CaoHxgN3,CaH403. 
The  base  rosaniline  is  a  colourless  substance,  but  its  readily  crystallising  salts  are 
coloured.    The  composition  of  this  base  is  expressed  by  the  formula,  C^Kxg^^MtO : 
and  it  is  formed  by  the  combination  of  2  atoms  of  toluidine  with  x  atom  of  aniline 
and  the  elimination  of  4  atoms  of  H,  which  become  oxidised — 

2C7H9N+C6H7N+30=2H,0+C«,Hi9N3,HaO. 
Accordingly  the  constitutional  formula  of  rosaniline  is : — 

C6H4) 

2C7H6[N3=^CaoHx9N3. 
H3J 

According  to  Rosenstiehl's  researches  (1869)  all  the  difEerent  kinds  of  fiiehsin  of 
commerce  contain  pseudo-rosaniline,  a  base  isomeric  with  rosaniline. 

Aniline  red  can  bo  obtained  from  aniline  oil  by  the  application  of  various  reagents, 
as,  for  instance : — Chloride  of  tin,  Verguin's  method ;  perchloride  of  carbon,  Hof- 
mann  and  Natanson's  methods ;  pemitrate  of  mercury,  Gerber-KeUer;*  perchloride 
of  mercury,  Schnitzer;  nitric  acid,  Lauth  and  Depouilly;  antimonio  add,  Smith; 
arsenic  acid,  Mcdlock,  Girard  and  de  Laire ;  aniline  oil,  nitro-toluol,  hydrochloric 
acid  and  metallic  iron.  Coupler.  100  parts  of  aniline  oil  yield  25  to  33  parts  of 
crystalline  fuchsin. 

Notwithstanding  tlic  great  danger  arising  from  the  use  of  arsenic  acid,  and  the 
difficulty  of  disposing  of  the  veiy  poisonous  residues  of  this  mode  of  preparing  fuch- 
sin, the  majority  of  tlie  manufacturers  of  tliis  dye  prefer  to  use  the  arsenic  add 
method.  According  to  Girard  and  de  Laire's  method  i  cwt.  of  aniline  oil  and  2  cwts. 
of  hydrate  of  arsenic  acid  at  60°  B.  (=171  sp.  gr.)  are  heated  togetlier  for  4  to  5 
hours  at  a  temperature  which  should  not  exceed  190'^  to  200^  The  red  fused  mass 
(fuchsin  mixture  or  smelting)  formed  by  this  operation  is  broken  into  small  lumps 
and  then  boiled  with  water,  and  as  soon  as  tlie  mass  is  dissolved  it  is  filtered  throu|^ 
felt  or  linen  bags,  and  the  filtrate  poured  into  tanks  for  the  poxpose  of  obtaining 
crystals.  After  the  lapse  of  2  to  3  days  the  mother-liquor,  a  very  poisonous  liquid, 
which  covers  the  crystals,  is  run  off  into  perfectly  water-tight  tanks  made  of  stone  and 
ooated  with  asphalts,  and  in  order  to  precipitate  the  arsenic  and  arseniouB  acids 
there  is  added  a  mixture  of  washed  chalk  and  lime,  the  ensuing  precipitate  being 
employed  for  making  arsenical  preparations.!  The  crystalline  mass  is  purified  hj 
re-crystallisation.  In  the  French  fuchsin  works  the  fused  mass  is  dissolved  in 
water  and  hydrochloric  acid,  and  next  neutralised  with  soda.  The  fachsin  is  thus 
obtained  as  a  crystalline  cake,  which  is  dissolved  by  being  boiled  with  water,  and  this 
solution  allowed  to  crystallise.  The  fuchsin  tlius  obtained  always  oontaina  arsenie, 
and  when  it  is  desired  to  use  a  salt  of  rosaniline  for  colouring  liqueurs  and  sweet- 
meats it  is  necessary  to  use  a  preparation  made  with  either  chloride  of  carbon  or 
bichloride  of  mercury.  The  salts  of  rosaniline  exhibit  by  reflected  light  a  green 
golden  hue ;  by  transmitted  light  the  colour  is  red.  The  hydrochlorate  of  rosaniliDS 
is  usually  called  fuchsin,  the  acetate,  roseine,  and  the  nitrate,  azaleine.  The  solutioBi 

*  The  fuohsin  prepared  by  the  aid  of  this  reagent  is  known  as  mbin,  and  is  employed 
for  dveing  silk  and  for  colouring  liqueurs  and  sweetmeats. 

t  According  to  Dr.  BoUey ,  the  arsenical  fluids  obtained  can  be  rendered  again  fit  lor  wt 
by  distillation  with  hydrochloric  acid.  On  being  diluted  with  water  the  arsonioBi  add 
oontained  in  the  distillate  is  thrown  down. 
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of  these  salts  in  water  or  in  alcohol  exhibit  a  well-known  and  veiy  magnificent 
carmine  red.  The  tinctorial  power  is  exceedingly  high,  since  z  kilo,  of  fiichsin 
is  sufficient  to  dye  200  kilos,  of  wool.  The  tannate  of  rosaniline  is  very  difficultly 
soluble  in  water.  Fuchsin  is  the  basis  of  nearly  all  other  aniline  colours;  for 
instance,  fuchsin  yields  violet  or  blue  with  aniline  oil ;  fuchsin  and  iodide  of  ethyl, 
blue  or  violet.  The  action  of  the  arsenic  acid  in  the  formation  of  rosaniline  may  be 
represented  as  follows : — 

2C6H9N}  =  CooI^a+sAsA  =  CaoHx^Na+sAsaOa+sHaO. 

Aniline       Arsenic      Bosaniline.  Arsenious  Water, 
oil.  acid.  acid. 

Anfline  violet.  2.  This  pigment,  slso  kuowu  as  aniline  purplc,  auiloine,  uidisine,  phcua- 
nicine,  harmaline,  violine,  rosolan,  mauveine,  was  discovered  in  1856  by  Dr.  W.  H. 
Parkin,  and  is  prepared  by  the  action  of  bichromate  of  potash  and  sulphuric  acid. 
This  substance  has  also  been  prepared  by  other  reactions,  for  instance,  by  the  treat- 
ment of  a  salt  of  aniline  with  a  solution  of  bleaching-powder  (BoUey,  Beale,  Kirk- 
ham)  ;  with  peroxide  of  manganese  (Kay),  and  peroxide  of  lead  (Price),  both  in  the 
presence  of  sulphuric  acid ;  by  the  action  of  permanganate  of  potash  upon  a  salt  of 
aniline  oil  (Williams) ;  by  treating  aniline  oil  with  chlorine  (Smith) ;  with  ferri- 
cyanide  of  potassium  (Smith) ;  with  chloride  of  copper  (Caro  and  Dale).  Indus- 
trially, only  Dr.  Perldn's  method  with  the  bichromate  and  sulphuric  add  is  used. 
The  base  of  the  violet  thus  obtained  is  mauveine,  Ca7H24N. 

The  so-called  Violet  Imperial  obtained  by  Girard  and  de  Laire  by  the  action 
of  chromate  of  potash  upon  a  mixture  of  aniline  oil  and  hydrochlorate  of  rosaniline 
at  180°,  differs  from  the  preceding  product,  while  another  violet  is  obtained  according 
to  Nicholson  by  heating  fuchsin  to  200°  to  215''.  When  a  salt  of  rosaniline  is  heated 
with  excess  of  aniline  there  are  formed,  before  blue  colours  ensue,  violet  pigments,  of 
which,  according  to  Hofmann — 

The  red-violet  is  monophenyl-rosaniline. 

The  blue-violet  is  diphenyl-rosaniline. 

This  latter  yields  on  being  further  heated  triphenyl-rosamline  or  aniline  blue. 
Accordingly, — 

Rosaniline  red  is    CtolBrazNjO. 

Monophenyl-rosaniline  (red-violet)  is        CsoH«)(C6H5)N30. 

Diphenyl-rosaniline  (blne-yiolet)  is    CaoHxg(G6H5)aN30. 

Triphenyl-rosaniline  (blue) CaoHx8(06H5)3N3O. 

The  violet  is  now  named  the  old  or  Nonpareil  violet;  and  we  have  the  new 
or  iodine  violet,  Hofinann's  violet  or  dahlia  colour,  distinguished  by  the  presence  of 
the  alcohol  radicals,  ethyl,  methyl,  and  amyl,  instead  of  phenyl.  These  new  violets 
are  obtained  by  heating  to  100**  or  110°  fuchsin  with  alcohol  as  a  solvent,  and 
the  iodides,  or  more  recently,  the  bromides,  of  the  alcohol  radicals,  the  mixture 
being  kept  in  closed  cylindrical  vessels.  According  to  the  length  of  time  this 
reaction  is  allowed  to  take  place  there  are  formed : — 

Monethyl-rosaniline, 
Diethyl-rosaniline,  or 
Triethyl-rosaniline. 

The  most  ethylised  base  exhibits  a  blue-violet  colour,  while  the  leaa  ^^>aaR^ 
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exhibitB  a  red  hae.  The  methylated  and  ethylated  violets  are  fiir  more  brilliant  than 
the  phenylated.  The  VioUt  de  ParU,  introduced  by  Fbirrier  and  Chappat,  is  the 
product  of  the  action  of  chloride  of  tin  and  similar  compounds  upon  the  methyl  or 
ethyl  aniline. 

Aamac  Blue.  3.  This  colooT,  also  known  as  aznline  and  aznrine,  was  first  obtained  in 
186 1  by  de  Laire  and  Girard  by  heating  together  for  some  hours  a  mixture  of  fnch- 
sin  and  aniline  oil,  and  treating  the  product  of  this  reaction  with  hydrochloric  add. 
The  blue  pigment  produced  is  known  in  commerce  as  bleu  de  Pari$  or  bl^u  de  Lyon$  ; 
in  dry  state  it  is  a  copper-coloured  shining  material,  not  exhibiting  green  or  yellow 
by  reflection,  the  characteristic  of  fuchsin  and  aniline  Tiolet.  In  order  to  purify  the 
aniline  blue  it  is  dissolved  in  strong  sulphuric  acid,  and  this  mixture  heated  to  150^ 
for  li  hours.  By  the  addition  of  water  to  this  solution  the  blue  is  precipitated  in  a 
modified  and  soluble  form  and  is  then  called  bleu  soluble.  We  quote  here  the 
following  methods  for  preparing  this  blue : — ^Rosaniline  and  aldehyde  (Lauth) ; 
rosaniline  and  crude  wood-spirit  (£.  Kopp) :  rosaniline  and  alkaline  solntion  of 
shellac  (Gros-Renand  and  Scha£fer),  this  is  termed  bleu  de  Mulhouse  ;  also  by  oxida- 
tion of  methylaniline  (J.  Wolff) :  rosaniline  and  bromatedoil  of  turpentine  (Pierkin); 
rosaniline  and  isopropyl  iodide  (Wankljm);  rosaniline  and  ethylen  iodide  and 
bromide  (M.  Vogel) ;  rosaniline  and  iodide  and  bromide  of  aoeton  <  Smith  and  Sie- 
berg).  The  conversion  of  hydrochlorate  of  rosaniline  (fuchsin)  by  heating  with 
aniline  oil  into  aniline  blue  is  elucidated  by  the  follo\^ing  formula : — 

CaoHxgNj.CIH-f  3C6H7N  =  CaoHi6(C6H5)3N3.Ha-f3NHs. 

, — — , — '       \ , *      ^-^ — ' 

Bosaniline  salt.     Aniline.  Aniline  blue.  Ammonia. 

C6H4] 
The  aniline  blue  thus  prepared  is  rosaniline,  2C7H6  rNj,  in  which  3  atoms  of  bane 

H3 

hydrogen  have  been  substituted  by  3  atoms  of  phenyl,  G6H5 ;  or,  in  other  words, 
this  aniline  blue  is  triphenyl-rosaDiline,  the  hydroclilorate  of  which  is — G38H3SN3GL 
^Vhen  a  salt  of  rosaniline  is  heated  with  toluidine,  the  toluidine  blue  (tritdyl- 
rosamline),  G41H37N3  =  C2oHi6(C7H7)3N3.  Wlien  aniline  blue  is  heated,  the  produds 
of  the  dry  distillation  contain  diphenylamine,  GjaHuN,  a  white  crystalline  compound, 
which  when  moistened  with  nitric  acid  yields  a  magnificent  blue  colour.  Dipheii]^- 
amine  and  its  homologue  phenyl-tolyliunin,  GX3HZ3N,  which  yields  by  dry  distilla- 
tion bleuine,  C39H33N3,  are  employed  for  tlie  preparation  of  blue  pigments.  Dr.  A. 
W.  Hofinann  found  tliat  when  rosaniline  is  heated  for  a  considerable  length  of  time 
with  iodide  of  ethyl  or  iodide  of  amyl,  the  result  is  that  the  most  eUiylated  or 
amylated  product  (trietliyl-rosaniline,  or  triamyl-rosaniline),  yields  aniline  blue 
(iodine  blue).  Naphthyl  also  may  be  introduced  into  fuchsin  to  form,  acoordingto 
Wolff,  a  brilliant  blue  colour  termed  naphthyl  blue.  Under  the  names  of  iSte  4$ 
lumi^re  or  Bleu  de  nuit,  is  known  a  blue  dye  which  appears  blue  in  daylight  as  wdl 
as  in  artificial  light.    A  blue  with  a  violet  hue  is  known  as  Bleu  de  Parms. 

AnUiM  Ofe«D.  4.  Wo  are  acquainted  witli  two  varieties  of  this  colour,  Tix.  aldd^yda 
green  and  iodine  green.  The  former,  also  called  emeraldine,  was  discovered  in  1863 
by  Gherpin,  chemist  in  M.  Us^be's  Works  at  Saint  Guen,  and  is  obtained  by 
treating  a  sulphuric  acid  solution  of  sulphate  of  rosaniline  with  aldehyde.  'Bj 
cautiotisly  heating  this  mixture,  a  deep  green  pigment  is  obtained  which  oontMSS 
sulphur;  the  formula  of  this  compound  is,  according  to  Dr.  A.  W.  HoftnaoBf 
CttHj^NjSaG.     When  required  for  use  hyposulphite  of  soda  is  added  and  tbi 
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compoimd  boiled  therewith  in  water ;  this  eolation  is  used  for  dyeing  silk,  and  instead 
of  the  Boda-galt  snlphuret  of  ammoninm  or  sulphuretted  hydrogen  may  be  used. 
The  green-coloured  material  can  be  precipitated  by  a  mixture  of  common  salt  and 
sodic  carbonate,  while  a  mixture  of  2  parts  of  sulphuric  acid  and  50  to  70  parts  of 
alcohol  is  a  solvent  for  this  substance.  This  aniline  green  is  especially  beautiful 
when  seen  by  candle-light  The  other  kind  of  aniline  green  is  the  so-called  iodine 
green,  discovered  (1863)  by  Dr.  A.  W.  Hofinann,  as  a  by-product  of  the  manufaoture 
of  the  methylated  and  ethylated  rosaniline  violets. 

Iodine  green  is  obtained  by  the  following  process : — i  part  of  acetate  of  rosaniline, 
2  of  iodide  of  methyl*  and  2  of  methylic  alcohol,  are  heated  together  for  several 
hours  under  a  liigh  pressure,  or  on  the  small  scale  in  a  sealed  tube.  When  the 
operation  is  finished  the  result  is  a  mixture  of  violet  and  green  pigments  dissolved  in 
methylic  alcohol.  The  volatile  substances  having  been  driven  off  by  distillation  the 
mixture  of  pigments  is  put  into  boiling  water,  wherein  the  green  is  completely 
dissolved,  wliile  the  violet  remains  insoluble ;  the  former  is  precipitated  by  a  cold 
saturated  solution  of  picric  acid  in  water,  the  ensuing  precipitate—picrate  of  iodine 
green — ^is  collected  on  a  filter,  rapidly  washed  with  the  smallest  possible  quantity  of 
water,  and  after  having  been  partly  dried,  brought  into  commerce  as  a  paste 
{en  p&te).  The  crystalline  iodine  green,  free  from  picric  acid,  has  the  formula 
C,5H33N30Ia. 

ASmSJoSSJi.  5'  ^y  ^6  preparation  of  the  red-coloured  pigments  from  aniline  oil, 
there  is  formed,  as  well  as  fuchsin,  a  resinous  substance,  from  which  Nicholson 
obtained  a  brilliant  yellow-coloured  pigment,  the  aniline  yellow,  aniline  orange, 
aurin,  or  hydrochlorate  of  chrysaniliue,  which  dyes  wool  and  silk  brilliantly  yellow. 
Ghrysaniline  is  a  base  of  the  formula  C20H17N3.  The  most  interesting  salt  of  this 
base  is  the  nitrate,  which  is  insoluble  in  water.  The  residue  of  the  preparation 
of  fuchsin  is  treated  with  steam,  and  as  soon  as  a  portion  of  the  base  has  been  dis- 
solved, it  is  precipitated  by  the  aid  of  nitric  acid.  Schiff  obtained  aniline  yellow  by 
the  action  of  antimonic  acid  or  hydrated  oxide  of  tin  upon  aniline ;  M.  Vogel 
obtained  a  yellow  pigment  by  the  action  of  nitrous  acid  upon  an  alcoholic  solution  of 
rosaniline.  This  aniline  yellow  has  the  formula,  CaoHigNaOe;  it  is  soluble  in 
alcohol,  not  so  in  water. 

wJ^ShS^^n.  6.  Amline  black,  CeHyNOe,  a  deep  aniline  green  formed  by  the 
action  of  oxidising  agents  upon  aniline  oil.  was  observed  as  early  as  1843  by  Dr.  J. 
von  Fritzsche,  and  was  formerly  prepared  from  the  residues  of  the  prepara- 
tion of  aniline  violet  with  bichromate  of  potash ;  but  now  we  obtain  aniline  black  by 
the  action  of  chlorate  of  potash  and  chloride  of  copper  upon  hydrochlorate  of 
aniline,  as  recommended  by  Lightfoot.  As  has  been  proved  by  Cordillot,  these  two 
chemical  reagents  may  be  replaced  by  ferricyanide  of  ammonium ;  or,  according  to 
Lauth.  by  freshly  precipitated  sulphuret  of  copper.  According  to  BoUey,  the  last 
substance  acts  by  becoming  oxidised  to  sulphate  of  copper,  and  simultaneously 
canying  oxygen  on  to  aniline.  The  black  made  according  to  this  method  being 
insoluble  has  to  be  formed  on  the  woven  textile  fabrics  themselves,  and  is  hence  also 
called  black  indigo  or  indigo  black.  More  recently,  again,  the  so-caUed  Lucas  black 
(Peterson's  black)  has  been  obtained,  its  most  valuable  property  being  that  it  is 
a  ready  made  black,  which  for  its  full  development  only  requires  a  weak  oxidation. 
It  is  a  black  fluid  mass  consisting  of  hydrochlorate  of  aniline  and  acetate  of  co\i\teK, 
which  mixed  with  some  starch  paste  is  printed  on  the  {iQibTica.    T\li^\^al^^^^KK0fi«& 
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oxidised  by  ezposnre  to  air;  the  oxidation  is  rendered  more  rapid  hy  ageing 
the  £Eibric8  in  a  room  heated  to  40°.  Aniline  black  is  used  both  in  djelng  and 
printing  textile  fiabrics. 

7.  Aniline  brown  (Habana  brown)  is  prepared  according  to  de  Laire  1^  heating  a 
mixtore  of  aniline  violet  or  aniline  blue  with  hydrochlorate  of  aniline  to  240%  imtfl 
the  mixtore  becomes  brown-coloured.  The  brown  thns  obtained  is  soluble  in  water, 
alcohol,  and  acids,  and  can  be  at  once  employed  in  dyeing.  Another  Idnd  of  aniline 
brown  (Bismark  brown)  is  obtained  by  fusing  fnehsin  with  hydroehlorate  of  aniline. 

n.  Carholio  Acid  Goloun, 

outeiia  Add  DjM.  The  portion  of  heavy  coal-tar  oil  which  distils  over  at  150*  to  aoo% 
consists  chiefly  of  carbolic  acid  (phylic  acid  phenol).  As  brought  into  oommeroe  by 
G.  Calvert  and  Co.,  C.  Lowe  and  Co.,  and  a  great  many  other  eminent  fiima  bothin 
this  country  and  abroad,  carbolic  acid  is  a  ciystalline  mass  which  becomes  sligfatJty 
reddened  by  exposure  to  air,  fuses  at  34°,  and  boils  at  i86^  It  is  prepared  according 
to  Laurent's  method  by  treating  the  heavy  oils  of  tar  with  alkalies.  There  are  three 
homologous  phenols  in  this  preparation : — 

Carbolic  acid,  CfiHeO, 
Cresylic  acid,  C7H8O. 
Phlorylic  add,  CsHwO. 

Carbolic  acid  is  soluble  in  33  parts  of  water.  Calvert's  carbolic  add,  as  used  intiie 
colour- works,  is  prepared  by  cooling  a  mixture  of  the  Laurent  add  in  water.  At  +  4" 
a  hydrate  of  carbolic  add,  CeHgO-f  H2O,  is  separated,  and  by  elimination  of  water  it 
becomes  jEmre  carbolic  add,  which  fuses  at  41  ^  While  carbolic  add  is  very  largely 
used  in  several  degrees  of  purity  for  a  variety  of  purposes  as  an  antiseptic^  disin- 
fectant, kc.f  more  than  50  per  cent  of  all  the  carbolic  acid  manufactured  is  used  fat 
the  purpose  of  preparing  the  following  pigments  and  dye  materials : — 

1.  Picric  add.  4.  Coralline. 

2.  Phenyl  brown.  5.  Azuline. 

3.  Gr6nat  soluble. 

Ptaie  Add.  Picric  add,  trinitro-phenylic  add,  CeHjCNOa^sO,  obtained  1^  the  actun 
of  nitric  acid  upon  carbolic  acid,  or  better,  by  treating  crystallised  phenyl  sulphate 
of  sodium  with  nitric  acid,  is  a  yellow  substance  crystallising  in  foliated  stmetnrei 
difficultly  soluble  in  cold,  readily  in  hot  water,  and  also  soluble  in  alodhoL  It  it 
used  for  dyeing  wool  and  silk  yellow,  and  with  aniline  green  (iodine  green) «  indigD^ 
and  Berlin  blue,  it  is  used  for  dyeing  silk  and  wool  green.* 

In  France  annually  some  80  to  100  tons  of  picric  acid  are  prepared,  bnt  the  bulk  if 
used  for  the  manufacture  of  the  picrate  gunpowder  (see  p.  157).  The  Mmwini*.  aalt 
of  the  trinitro-cresylic  acid  is  met  witJi  in  the  trade  as  Victoria  yellow  tm  a  djt 
material.  When  treated  with  cyanide  of  potasdum,  picric  add  yields  isopnipaoo 
add,  while  the  trinitro-cresylic  add  yidds  with  the  same  cyanide  creflyl-pnrpiuio  add 
(V.  Sommaruga) ;  the  potasdum  and  ammonium  salts  of  the  respective  adds  yield  tbi 
grenate  brown. 

*  It  has  of  late  become  usual  to  employ,  instead  of  pure  (non-ezplodve)  piezie  add^fti 
soda  salt  of  that  add,  under  the  name  of  picric  acid  and  aniline-yellow.  This  has  gNA 
rise  to  yery  serioos  aoddents,  owing  to  the  highly  explodve  natuce  of  the  salt. 
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%  Phenyl  brown  was  first  prepared  by  Both  in  1865  ^7  causing  nitro- 
snlphuric  add  to  act  upon  carbolic  acid ;  the  resulting  substance,  ph6nicienne  or 
phenyl  brown,  is  an  amorphous  powder,  a  mixture  of  two  pigments,  viz.,  a  yellow, 
according  to  BoUey,  dinitrophenol,  C6H4(N03)20,  and  a  black-brown  substance 
which  is  similar  to  the  humus  compounds.  Phenyl  brown  is  used  for  dyeing  wool 
and  silk. 

oiwtttoBnwn.  3.  Gr6nat  soluble,  which  has  been  very  recently  introduced  by 
J.  Casthelaz  in  Paris  as  a  substitute  for  orseille,  is  nothing  more  than  the  well- 
known  isopurpurate  of  potash,  which  was  first  discovered  by  Hlasiwetz,  and  is 
formed  by  the  action  of  cyanide  of  potassium  upon  a  solution  of  picric  add  according 
to  the  following  reaction,  as  described  by  Zulkowsky : — 

C6H3(NOa)30+3KCN+2HaO=C8H4KN506+NH3+KC03. 

Picric  add.    Cyanide  of  Isopurpurate      Am-  Carbonate 

potassium.  of  potash,      monia.  of  potash. 

As  Grenate  brown  when  dry  is  explosive  with  the  least  friction,  it  is  kept  in  the 
state  of  a  paste,  to  which  some  glycerine  is  added  for  the  purpose  of  keeping  it  moist 
conniM.  4.  Coralline,  or  pseonine,  a  scarlet  dye  material,  is  formed,  according  to 
Kolbe  and  R.  Schmidt,  by  heating  a  mixture  of  carbolic,  oxalic,  and  sulphuric  adds 
until  the  colour  has  been  sufficiently  developed.  When  the  reaction  is  finished  the 
mass  is  washed  with  boiling  water  (or  the  purpose  of  eliminating  the  excess  of  add. 
The  reddue  is  next  dried,  pulverised,  and  submitted  at  150''  to  the  action  of  ammonia. 

The  relation  existing  between  the  rosolic  acid,  discovered  in  tar  by  Bunge,  and 

coralline  is  at  present  not  fully  established,  but  according  to  Caro's  researches  these 

substances  are  identical.    Bosolic  add  may  be  formed  from  carbolic  and  cresylio 

adds  (as  rosaniline  is  from  aniline  and  toluidine)    according   to   the  following 

formula: — 

C6H60+2C7H80=CaoHx603+3Ha. 

* r-— '  >  ■       I        •*         ^- r— — ' 

Carbolic     Cresylio       Bosolic 
add.         add.  add. 

AniiM.  5.  Azuline  (phenyl  blue).  When  coralline  is  heated  with  aniline  oil  (com- 
mercial aniline)  there  is  obtained,  according  to  J.  Persoz  and  Guinon-Mamas,  a  blue 
pigment,  which  is  termed  azuline,  or  azurine. 

^^'^tt^iSlSoL''^  It  has  been  attempted  to  prepare  pigments  directly  fixmi  nitro- 
benzol.  Laurent  and  Casthelaz  state  that  a  red  pigment  is  obtained  by  keeping  a 
mixture  of  12  parts  of  nitro-benzol,  24  parts  of  iron-filings,  and  6  parts  of  hydrochloric 
add  for  twenfy-four  hours  at  the  ordinary  temperature  of  the  air.  There  is  formed 
a  solid  resinous-like  mass,  which  is  first  exhausted  with  water  and  the  solution 
predpitated  with  common  salt.  The  pigment  thus  obtained  is  said  to  be  a  substitute 
for  fiichsin,  and  as  such  capable  of  being  used  as  a  dye  and  for  calico-printing. 

m.  Naphthaline  Pigments, 

itpiiihauiM^  This  material,  CxqHs,  was  discovered  in  the  year  1820  by  Garden  in 
ooal-tar,  and  was  afterwards  the  subject  of  researches  by  Faraday,  A.  W.  Hofrnann, 
M.  Ballo,  and  others.  According  to  Berthelot  it  may  be  synthetically  prepared  bj 
substituting  for  2  atoms  of  hydrogen  of  the  benzol  2  atoms  of  acetylen  (CsHs)  :— 

C6H(5-2H-|-2CaH«+C6H4(CaH.)a=CxoH8. 

Benzol.  Aoetylen.  NaphthaliniS. 
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Naplitlialine  is  a  cryBtalline  substance,  exhibiting  rhomboids  when  in  yery  thin 
scales.  Its  odour  is  peculiar  and  somewhat  similar  to  that  of  storax ;  it  has  a  bnxning 
taste.  When  cooled,  after  having  been  fused,  it  appears  as  a  white  ciystalline  mass 
having  a  sp.  gr.  =  1*151.  It  fuses  between  79''  and  8o%  and  boils  between  ai6*  and 
aiS''.  When  treated  with  nitric  acid,  naphthaline  yields  phtlialio  add,  whieh  accord- 
ing to  circumstances  and  by  elimination  of  carbonic  acid  may  be  cither  converted 
into  benzol  or  into  benzoic  acid  :*— 

a.  C8H604-2CO,=C6H6. 

* — I '  > — . — 

Phthalic  acid.  BenzoL 

p.  C8H604-CO,=C7H60a. 

T 

Phthalic  add. 

Tliere  exists  between  the  derivatives  of  benzol  and  naphthaline  a  great  analogy, 
wliich  not  only  extends  to  tlie  composition  and  reaction,  but  even  to  chemical  and 
physical  properties.  The  analogy  of  composition  is  exhibited  by  the  following 
tabulated  form : — 

Benzol  (hydride  of  phenyl),  CeHfi.  Naphthaline  (hydride  of  naphthyl),  CioHs. 

Nitro-benzol,  C6H5(N02).  Nitro-naphthaline,  CxoH7(NOa). 

Aniline,  C6H7N.  Naphthylamine,  C10H9N. 

liosaniline,  C20H19N3.  Base  of  tlie  naphtlialine  red,  CsqHuNj. 

Naphthylamincn  CioHqNj,  the  base  which  corresponds  to  aniline,  is  prepared  from 
naphthaline  in  exactly  the  same  manner  as  aniline  is  prepared  from  benzol,  by  eon- 
verting  naplitlialine  by  the  aid  of  nitro-sulphuric  acid  into  nitro-napththaline,  which 
is  next  converted  into  napthylamine  by  B^champ^s  process  (seep.  574).  As  proved 
by  M.  Ballo  (1870)  tlic  naphthylamine  may  be  readily  eliminated  from  the  reduced 
mass,  treated  witli  iron  and  acetic  acid,  by  distilling  it  witli  the  aid  of  steam. 
Naphthylamine  crystallises  in  wliite  acicular  crystals,  fuses  at  50^  and  boils  at 
about  300".    Its  taste  is  sharp  and  bitter.    It  is  almost  insoluble  in  water. 

Naphtliylamine  serves  for  the  preparation  of  the  following  dyes: — 

1.  Martius  yellow,  3.  Naphthaline  violet, 

2.  Magdala  red,  4.  Naphthaline  blue. 

MftruoaTeiiow.  I.  Tliis  pigment,  better  known  in  England  as  Manchester  yellow,  or 
imphtlialine  yellow,  Jaune  iVorj  is  the  calcium  or  sodium  compound  of  binitro-naph- 
thalinic  acid  (CioH6(N 02)20),  obtained  by  adding  to  a  solution  of  hydrochlorate  of 
naphthylamine  nitrite  of  soda  until  all  tlie  napthtliylnmine  has  been  converted  into 
diazonaphthol.    The  fluid  which  contains  diazonaphthol  is  next  mixed  with  nitrio 

*  The  large  quantity  of  benzoic  acid  now  consumed  in  the  preparation  of  some  of  the 
tar  oolourB,  and  employed  for  other  chemico-techuical  purposes,  is  no  longer  obtained 
from  the  benzoin  resin  (gum  benzoin,  as  it  is  often  termed) ;  but  this  add  is  prepared 
either  from  hippnric  acid  present  in  the  urine  of  horses,  or  it  is  a  derivative  from 
naphthaline.  The  naphthaline-benzoie  acid  may  be  prepared  by  two  different  methods, 
viz. :— I.  By  converting  naphthaline  into  phthidic  acid,  and  converting  this  add,  by 
heating  it  with  lime,  into  beuzoate  of  lime,  from  which,  by  the  addition  of  h^droehhncio 
add,  the  benzoic  acid  is  set  free  and  precipitated.  2.  By  converting  phthalie  add  into 
phthalimide,C6H<N02t  and  converting  this  substance  by  distilling  it  with  lime  into  benao- 
nitrile,  C7H5N,  the  latter  by  boiling  with  caustic  soda  solution  being  oonverted  into 
benzoato  of  soda,  from  which  solution  the  benzoic  acid  is  sot  free  and  predpitated  by  tine 
addition  of  hydrochloric  acid.  In  the  year  1868  Mers  obtained  from  oyannaphthyl  a  new 
acid,  to  which  the  name  of  naphtoe  add  is  given  (formula  CizHsOa)i  a  aabirtitata  lor 
henzoio  acid. 
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acid  and  then  heated  to  the  hoiling  point,  the  binitro-naphthjlic  acid  is  thrown  down 
in  yellow  acicular  crystals.  The  conversion  of  naphthylamine  into  binitro-naphthylic 
acid  (binitro-naphthol)  may  be  elucidated  by  the  following  formulsB : — 

a.  CioH9N+HNOg=2HaO+CxoH6Na. 
Naphthylamine.  Diazouaphthol. 

B.  CxoH6N,+2HN03  =  2N+HaO+CxoH6(NOa)aO. 
Diazonaphthol.  Binitro-naphthylic  acid. 

As  proved  by  M.  Ballo,  the  latter  acid  may  be.  directly  formed  by  the  action  of 
nitric  acid  upon  naphthylamine.  Manchester  yellow  imparts  directly  to  wool  and 
silk,  without  the  intervention  of  any  mordant,  yellow  hues,  which  may  be  made 
to  differ  in  depth  of  colour  from  lemon-yellow  to  deep  golden-yellow,  i  kilo,  of  the 
dry  calcium  or  sodium  compound  dyes  200  kilos,  of  wool  brilliantly  yellow.  Wliile 
picric  acid  dye  is  volatilised  by  steam,  the  Manchester  yellow  perfectly  admits  of  the 
operation  of  steaming.  In  this  country  this  dye  material  is  frequently  employed 
for  the  purpose  of  modifying  the  hue  of  magenta. 

Magdau  B«d.  2.  This  pigment,  naphthaline  red,  C30H21N3,  was  discovered  in  1867 
by  Von  Schiendl  at  Vienna,  and  has  been  the  subject  of  researches  by  Durand, 
Oh.  Kestiier,  Dr.  A.  W.  Hofinann,  and  others.  It  is  generated  from  naphthylamine 
by  the  elimination  of  3  molecules  of  hydrogen  from  3  molecules  of  the  base : — 

3C10H9N  —  3Ha=C3oHaiN3. 

' — , >— — , — — .^ 

Naphthylamine.         Magdala  red. 

On  the  large  scale  the  preparation  of  Magdala  red  is  effected  in  two  stages.  In 
Che  first  the  naphthylamine  is  converted  into  azodinaphthyl-diamine  by  the  action  of 
nitrous  acid: — 

a.  2CioH9N+HNOa  =  2HaO-f  CaoHijNg. 

S , .  V ^ , 

Naphthylamine.      Azodinaphthyl-diamine. 

In  the  second  stage  the  azodinaphthyl-diamine  is  treated  with  naphthylamine,  the 
result  being  the  formation  of  Magdala  red. 

(3.  CaoHi5N3+CioH9N  =  CaoHaiN3+NH3. 

Azodl-       Naphthyl-      Magdala 
naphthyl-diamine.  amine.  red. 

The  Magdala  red  of  commerce,  a  black-brown,  somewhat  crystalline  powder,  is  the 
chloride  of  a  base  of  the  composition  described.  As  regards  tinctorial  powder  Mag- 
dala red  is  not  less  valuable  than  fuchsin,  while  it  surpasses  the  latter  in  being  a 
very  fast  colour.  When  treated  with  iodide  of  methyl  and  iodide  of  ethyl,  naphtha- 
line red  yields  violet  and  blue-coloured  derivatives. 

*w^£fifS*?yyff^  •  3  and  4.  Violet  and  blue  naphthaline  pigments  may  be  prepared 
in  various  ways;  for  instance,  by  phenylising  naphthylising,  methylising,  or 
ethylising  Magdala  red;  also  by  treating  naphthylamine  with  mercuric  nitrate 
(Wilder),  by  substituting  for  hydrogen  in  aniline  and  toluidine  the  radical  naphthyl, 
CfoH7.  J.  Wolff,  as  early  as  1867,  obtained  a  very  brilliant  naphthyl  blue  in 
this  manner ;  again,  from  rosaniline  and  mono-bromnaphthaUne,  and  from  rosaniline 
and  naphthylamine  (M.  Ballo).  Very  recently  Blumer-Zweifel  as  well  aa  ^s^.- 
meyer  have  produced  naphthylamine  violet  on  cotton  and  \ixi«ii  ^sfionsA^Vs  Xz«A^asD% 
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naphihylAimne  whilo  present  on  the  woven  tissaes  with  chloride  of  copper,  ^WAtm^t 
of  potash,  and,  in  fact,  all  such  reagents  as  may  be  employed  for  the  production  of 
aniline  black*  (see  p.  579). 

rV.  Anthraeen  Pigments, 
AnthnoMi  piffiiiaiiti.  Anthraccn  (para-naphthaline,  photen],  Gi4Hzo,  is  present  in  coal- 
tar  to  an  amount  of  075  to  1*0  per  cent,  and  was  discovered  by  J.  Dumas  in  1831, 
while  in  1669  it  was  first  employed  by  Graebe  and  laebermann  fDr  the  purpose 
of  obtaining  anthraeen  red  or  artificial  alizarin.  Anthraeen  occurs  in  that  portion 
of  the  products  of  the  distillation  of  coal-tar  which  being  rather  thick  are  known 
in  this  country  by  the  designation  of  green  grease^  and,  as  such,  used  as  a 
coarse  lubricating  material.  The  green  grease  consists  of  heav}'  oils,  some 
naphthaline,  and  about  20  per  cent  of  anthraeen.  By  means  of  the  hydro- 
extractor,  and  by  submitting  the  raw  material  to  strong  pressure,  crude  (con- 
taining 60  per  cent  pure)  anthraeen  is  obtained.  This  raw  material  is  purified  by 
being  treated  with  benzoUne  (petroleum  spirit),  aided  by  heat,  and  again  aided 
by  the  centrifugal  machine,  fusion,  and  sublimation,  these  operations  resulting  at  last 
in  the  production  of  pure  anthraeen.  This  substance  then  appears  as  small  foliated 
crystals,  white,  void  of  odour,  fusing  at  215"*,  and  subliming  at  a  higher  temperatore 
without  decomposition.  This  body  is  sparingly  soluble  in  alcohol  and  benzol,  more 
readily  in  sulphide  of  carbon.  With  picric  acid  it  yields  a  compound  exhibiting  ruby- 
red  crystals;  while  under  the  influence  of  oxidising  agents  it  is  converted  into 
anthrachinon  (oxanthracen,  oxyphoten),  CX4H8O2,  which  in  its  turn  is  converted  into 
alizarine,  C14H8O4,  by  a  circuitous  process. 

According  to  the  original  method  of  preparing  alizarine,  the  anthraehiniin, 
CZ4H8O3,  obtained  from  anthraeen  by  the  action  of  oxidising  agents,  such  as  nitris 
acid,  was  first  converted  into  bibromide  of  anthrachinon,  Cz4H6Br203,  by  treating 
anthrachinon  with  bromine,  and  this  bromated  compound  was  further  treated  either 
with  caustic  potash  or  caustic  soda  at  a  temperature  of  180''  to  200^,  the  bibromide  of 
anthrachinon  becoming  converted  into  alizarine  potassium  (or  alizarine  sodium, 
if  caustic  soda  has  been  used),  from  which  the  alizarine  is  set  fr«e  by  the  addition  of 
hydrochloric  acid : — 

a.  Cr4H6Br,Oa-f  KOH  =  Ci4H6Ka04-t-2BrK-f  2HaO. 

, >- — ^ ^ 

Bibromide  of  Alizarine 

Anthrachinon.  Potassium. 

/3.  Ci4H6Ka04-f2ClH  =  Ci4Ha04-f2ClK. 

T  1 

Alizarine  Alizarine. 

Potassium. 

Alizarine  is  now  prepared  from  anthrachinon  by  treatment  at  a  temperature  of 
260''  with  concentrated  sulphuric  acid  of  1*84  sp.  gr.,  the  anthrachinon  bemg 
converted  into  a  sulpho-acid;  this  acid  is  next  neutralised  with  carbonate  of  lima,  the 
fluid  decanted  from  the  deposited  gypsum,  and  carbonate  of  potash  added  to  it  fw  the 

*  It  is  evident  that  by  combining  suitable  aniline,  naphthyl,  and  ee^l  compounds,  the 
greatest  variety  of  blue  and  violet  pigments  may  be  prepared.  The  foUowing  Uns 
pigments  were  obtained  in  the  summer  of  1867,  these  researches  being  undertaken  in  oon- 
sequence  of  the  results  obtained  by  J.  Worn  in  the  same  direction,  i.  Fuchain  and 
broxnide  of  naphthyl.  2.  Fuchsin  and  oetyl  bromide.  3.  Naphthylamine,  foehain,  and 
aniUne  oiL  4.  Cetylamine,  fuohsin,  and  aniline  oil.  5.  NaphtbylMnine»  foohsin,  and 
.  oetylamine.    6.  Cetylamine,  fuchsin,  and  naphtbylamine. 
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purpose  of  precipitating  all  the  lime.  The  dear  liquid  is  then  evaporated  to 
dryness,  the  resulting  saline  mass  is  converted  into  alizarine-potassium  by  heating  it 
with  caustic  potash.  From  the  alizarine -potassium  thus  obtained  the  alizarine  is  set 
free  by  the  aid  of  hydrochloric  acid.  According  to  another  method,  the  preparation 
of  anthrachinon  is  avoided,  and  anthracen  employed  directly,  by  first  converting  it — 
by  the  aid  of  sulphuric  acid  and  the  application  of  heat — into  anthracen  sulpho- 
acid,  Ca8Hi8SH403.  After  having  been  diluted  with  water,  the  solution  of  this  acid 
is  treated  with  oxidising  agents  (peroxides  of  manganese,  lead,  cliromic  acid,  nitric 
acid),  and  the  acid  fluid  is  next  neutralised  with  carbonate  of  lime.  When  peroxide 
of  manganese  has  been  used  the  manganese  is  alsu  precipitated  as  oxide.  Tha 
oxidised  sulpho-acid  having  been  previously  converted  into  a  potassium  salt,  the 
latter  is  heated  with  caustic  potash,  alizarine-potassium  being  obtained. 

There  is  no  doubt  that  anthracen  may  be  converted  into  alizarine  by  other  means ; 
and  it  is  very  likely  that  from  other  hydrocarbons  (benzol,  toluol,  naphthalin)  present 
in  coal-tar,  anthracen  and  anthracen  red  may  be  obtained. 

The  industrial  manufieusture  of  artificial  alizarine,  carried  on  in  the  first  place  by 
the  inventors  of  this  process — Graebe  and  Liebermann ;  and  taken  up  by  J,  Gessert, 
at  Elberfeld ;  Bronner  and  Gutzkow,  at  Frankfort-on-Maine ;  Briining,  at  Hochst 
(near  Wiesbaden) ;  Greiff,  at  Cologne ;  and  by  Perkin,  in  Ijondon — is  one  of  the 
brightest  pages  in  the  history  of  chemical  technology.  Although  for  the  present 
anthracen  red  cannot  compete  with  madder,  it  will,  in  all  probability,  become  in 
a  very  great  measure  a  substitute  for  that  dye-stuff  and  garancine. 

V.  Pigments  from  Cinchonine, 
cinehonin*  ptijments.  The  preparation  of  pigments  from  cinchonine — an  almost  waste 
by-product  of  the  manufacture  of  quinine  on  the  large  scale — may  be  conveniently 
considered  as  an  appendix  to  the  coal-tar  colours.  Cinchonine  is  submitted  to 
distillation  with  hydrate  of  soda  in  excess,  the  resulting  product  being  about 
65  per^cent  crude  chinoline  (chiuoline  oil),  a  mixture  of  the  tliree  following  homo- 
logous bases : — 

Chinoline     CgH^N. 

j-<epi(iine      •••     •••     •.•     •••     •••     •••      Oxo'tlQ^* 

Kryptidine  or  dispoline     CixHuN. 

Lepidine  is  the  chief  constituent  of  this  mixture. 

When  chinoline  oil  is  heated  with  iodide  of  amyl  the  result  is  the  formation 
of  amyl-lepidin-iodide,  which  on  being  treated  with  caustic  soda  solution,  yields  a 
very  brilliant  blue  pigment — cyanine,  lepidine  blue,  or  chinoline  blue,  C3oH3gNaI.  This 
substance  is  a  ^stalline  compound,  exhibiting  a  metallic  green  gloss  and  golden 
yellow  hue  ;  it  is  difficultly  soluble  in  water,  readily  in  alcohol.  The  formation  of 
cyanine  may  be  elucidated  by  the  following  formulae : — 

a.  CxoHgN-f CjHxJ  =  CxsHaoNI. 

Lepidine.    Iodide  of  Amyl-lepidin- 
Amyl.  iodide. 

p.  2Ci5HaoNI-f  NaOH  =  CsoHsgNal+Cal+HaO. 

Am^l-lepidin-  Cyiinine. 

iodide. 
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Beil  Phfment$  occnrring  in  Plants  and  Animah. 

"**  ^ul]!iii^^  Maddor  is  tlie  root  of  the  Huhia  tinrtorum,  a  perenniftl  plant 
eultiynted  in  Sonthoni,  Cc>ntrnl,  and  Western  Europe ;  while  in  tlie  LeTant  the 
JR.  peretjrina,  and  in  tlie  Kast  Indies  and  Japan  the  J7.  munginta  (mnngeet), 
are  partly  cultiynted,  partly  met  Ti-itli  in  the  wild  state.  According  to  the  researches 
made  in  Enf[land,  the  dye  imported  under  the  name  of  mnngeet  from  India  is 
not  the  root,  hut  the  reedy  stem  of  a  species  of  Buhia,  and  as  a  dye  it  is  inferior.  Hie 
native  country  of  the  madder  plant  is  the  Caucasus.  All  these  plants  are  perennial. 
Tlie  root  varies  in  length  from  lo  to  25  ccntims. ;  it  is  not  much  gnarled,  and  is 
generally  a  little  thicker  than  the  quill  of  a  pen.  Externally  the  root  is  oovered  with 
a  hrown  hark ;  internally  it  exhibits  a  yellow-red  colour.  Madder  is  met  with  in  the 
trade  in  the  root  (technically  rai*ine  if  European),  and  in  powder  exhibiting  a 
red-yellow  colour,  and  possessing  a  peculiar  odour.  Avignon  madder,  however,  has 
hardly  any  smell  at  all ;  hut  the  odour  is  particularly  marked  in  Zeeland,  or  so-called 
Holland,  madder.  The  powdered  madder  is  always  kept  in  strong  oaken  casks,  so 
as  to  exclude  air  and  light.  Tlie  best  kind  of  madder  is  that  grown  in  the 
Levant  (Smyrna  and  Cyprus),  and  met  >vith  in  the  trade  nnder  the  name  of  Uzari  or 
alizari,  in  roots  which  are  usually  rather  thicker  than  the  roots  of  the  Enropetn 
varieties,  owing  partly  to  tlie  fiict  that  the  Levant  madder  is  generally  of  fonr  to  five 
years*  growth,  while  in  Europe  the  roots  are  of  two  to  three  years*  growth  only. 
Dutch  madder,  chiefly  f;ro\ni  in  the  province  of  Zeeland,  is  met  with  decorticated 
(rnhe),  the  outer  hark  and  Bomctini(>s  tlic  splint  bark  having  been  removed.  The  well 
dried  roots  arc  broken  up  by  means  of  wooden  stampers  moved  by  machineiy,  to 
reduce  the  bark  and  splmt  bark  to  powder,  wliile  the  very  hard  internal  portion  of 
tlie  root  is  left  untouched,  tliis  being  separated  from  the  powder  by  means  of  sieves. 
The  powder  is  put  into  casks  and  termed  beroofde.  During  the  last  ten  or  twelve 
years,  the  old  madder  sheds  (mtrstoven)  in  Zeeland  have  been  superseded  by  large 
manufactories,  in  whidi  the  madder  root  is  treated  as  it  is  in  the  Vaucluse  (France), 
and  ground  n^)  entirely,  so  that  the  former  distinct  qualities  of  madder  are  no  longer 
met  with.  When  the  whole  root  is  pulverised  the  madder  is  termed  onhtroofile,  ntm 
roM.  Besides  tlie  Dutcli  mndder.  that  from  Alsace  and  from  the  Vanduse, 
A\'ignon,  occur  very  largely  in  tlie  trade.  Wliat  is  known  as  mull  madder  is  the 
refuse  and  dust  from  the  floors  of  tlie  works,  and  is  the  worst  quality.  In  addition  to 
colouring  matter,  madder  contains  a  lar<j[e  quantity  of  sugar,  of  whidi  W.  Stein  (1869) 
found  as  much  as  8  per  cent.  While  it  was  formerly  considered  that  madder 
contained  no  less  tliaii  five  different  colouring  substances,  it  appears  firom  recent 
researches  that  tliis  root  in  fresh  state  only  contains  two  pigments,  Tiz.  mbe- 
lythrinic  acid  (formerly  termed  x  an  thin),  and  purpurine.  According^  Dr.  Rochleder, 
tlie  former  of  tliese  is  converted  under  the  influence  of  a  peculiar  nitrogenoos 
substance  present  in  the  madder  root  into  alizarine — the  essential  colouring  matter  of 
madder — and  into  sugar : — 

CaoH^aOxx  =  Cx4H804-|-C6Hxt06+H,0. 

■ > r-^^  *— « -* 

RuLerj'thrinic    Alizarine.        Sugar, 
acid. 

According  to  the  researches  of  Graehe  and  Jjiebermann,  alizarine  is  a  derivatiTV 
from  anthracen,  C14HX0,  tlie  formula  of  the  former  being  CX4H8O4.  As  already  men- 
tioned (see  p.  585),  Graebe  and  liicbermann  have  succeeded  in  converting  anthraoea 
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into  nlizarino  (1869).  Alizarine  is  yellow,  bnt  becomes  red  under  the  influence  of 
alkalies  and  alkaline  earths.  Madder  contains  a  red  pigment,  pnrparine,  or 
rubiacine,  C14H8O3,  which  by  itself,  as  well  as  in  combination  with  alizarine,  yields 
a  good  dye. 

MftdderLnk*.  Wc  Understand  by  this  term  a  combination  of  alizarine  and  purpurine 
(the  colourinf?  matter  of  madder)  with  basic  alumina  salts.  Madder  lake  is  prepared 
by  first  washing  madder  with  water,  distilled  or  at  least  free  from  lime  salts, 
and  next  exhausting  the  dye-stuff  with  a  solution  of  alum,  the  liquor  thus  obtained 
being  precipitated  with  carbonate  of  soda  or  borax.  The  bulky  precipitate  having 
been  collected  on  a  filter  is  thoroughly  washed  and  dried. 

Fiowen  of  Madder.  The  preparation  made  from  madder  on  the  large  scale  and  known 
in  the  trade  as  flowers  of  madder  (Jletir  de  garance),  is  obtuned  from  the  pulverised 
madder  by  steeping  it  in  water,  inducing  fermentation  of  the  sugar  contained  in  it, 
and  next  thoroughly  washing  the  residue,  first  with  warm,  next  with  cold  water.  The 
residue  after  subjection  to  hydraulic  pressure  to  remove  the  water,  is  dried  at  a  gentle 
heat,  and  having  been  pulverised  again  is  used  in  the  same  manner  as  madder  for 
dyeing  pui-poses.  The  operation  of  dyeing  with  the  flowers  of  madder  requires  a 
less  elevated  temperature  of  the  contents  of  the  dye-beck.  It  would  appear  that  by 
the  preparation  of  the  flowers  of  madder  the  pectine  substances  of  the  root  are 
eliminated  which  otherwise  become  insoluble  during  tlie  operation  of  dyeing. 

Aud*.  When  flowers  of  madder  are  treated  with  boiling  methylic  alcohol  (wood- 
spirit),  the  solution  obtained  filtered,  and  water  added  to  the  filtrate,  a  copious  yellow 
precipitate  is  obtained,  which  having  been  washed  with  water  and  dried  constitutes 
the  material  known  as  azale  (from  mahi^  Arabian  for  madder),  which  has  been 
suggested  for  use  as  a  dye  material  in  France.  Probably  this  substance  is  crude 
alizarine ;  as  obtained  from  madder  or  garaucine  it  is  met  with  in  the  trade  sometimes 
under  the  name  of  Pincoffine,  having  been  first  discovered  and  prepared  by  Mr, 
Pincofls,  at  Manchester. 

oanuieiiM.  This  preparation  of  madder  contains  the  colouring  principles  of  tlie  root 
in  a  more  concentrated,  pure,  and  more  readily  exhaustible  state.  In  order  to 
prepare  garanoine,  madder  (generally  this  term  is  given  to  the  pulverised  root)  is 
first  moistened  uniformly  with  water,  and  next  there  is  added  i  part  of  sulpliuric 
acid  diluted  with  i  part  of  water.  Tliis  mixture  is  heated  by  means  of  steam 
to  about  100*^  for  one  hour,  and  the  magma  then  thoroughly  washed  with  water 
for  the  purpose  of  eliminating  all  the  acid.  This  having  been  done  the  garaucine 
is  submitted  to  hydraulic  pressure  for  the  purpose  of  getting  rid  of  the  greater  part 
of  the  water,  after  which  the  material  is  dried  and  lastly  ground  to  a  very  fine 
powder.  By  the  action  of  the  sulphuric  acid,  some  of  the  substances  contained 
in  madder  and  more  or  less  interfering  \iith  its  application  as  a  dye,  are  eliminated 
by  the  washing  of  the  garancine,  while  the  colouring  matter  remains  mixed  with  the 
partly  carbonised  organic  substances.  As  regards  its  tinctorial  value  x  part  of 
garancine  may  be  taken  as  equal  to  3  to  4  parts  of  madder.  As  madder  when 
employed  in  dyeing  does  not  become  quite  exhausted,  the  fluids  of  the  dye-beck  are 

oaxmnoeox.  strained  from  the  solid  residue,  and  this  is  treated  with  half  of  its  weight 
of  sulphuric  acid.  The  mass  is  next  treated  as  has  been  described  under  Graranoine, 
and  constitutes  after  drying  what  is  known  as  garanceux,  being  used  generally  for  the 
production  of  what  are  termed  iud  colours  (black,  deep  brown,  lilac).  As  a  matter  of 
course  garanceux  is  of  less  tinctorial  value  than  garancine. 
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ooioriiM.  Hic  Bubstanco  met  witli  in  commerce  under  the  name  of  oolorine  is  the 
dry  alcoholic  extract  of  garancine.  and  consists  essentially  of  alizarine,  pnrpiirine, 
fatty  matter,  and  other  substances  soluble  in  alcohol  present  in  garancine.  E.  Kopp 
commenced  some  years  since  to  exhaust  madder  with  an  aqueons  solation  of 
iulphurous  acid,  thereby  obtaining  Uie  pigments  of  madder  in  a  (for  technical  pur- 
poses) pure  condition.  These  prepcu-ations,  which  are  already  extensively  nsed,  are 
distinguished  as: — Green  alizarine  (Alizarine  certt),  which  from  Alsace  madder 
is  obtained  to  an  amount  of  a1)out  3  per  cent,  containing  with  the  alizarine  a  green 
resinous  material :  yellow  alizarine  (Alizarine  jttune),  tlie  former  substance  without 
the  resinous  material,  tiiis  having  been  eliminated  by  suitable  solvents,  as  pnrparine 
and  flowers  of  madder.  The  tinctorial  value  of  purpurine  amounts  to  10  times,  and 
that  of  the  green  and  yellow  alizarine  to  32  to  36  times,  that  of  madder.  Madder  of 
good  quality  yields  on  the  large  scale : — 

Ihirpurine     1*15  per  cent 

Green  alizarine     250 

Yellow  alizarine    0*32 

Flowers  of  madder      39*oo      „ 

Bimsfl  or  Camwood.      By  this  name  are  designated  several  varieties  of  wood  belonging 
to  the  Camlpinia,  and  used  for  dyeing  purposes.      The  best  kind  is  the  so-caUed 
Pemambuco  or  Fcrnanibuoo  wood,  obtained  from  tlie  Casalpinia  brasilieitns  «.  crista ; 
externally  it  is  yellow -brown,  internally  its  colour  is  a  bright  rod,  while  the  wood 
is  heavy  and  rather  hard.    Its  name  is  derived  from  that  of  the  state  of  the  Brazilian 
Empire,  in  which  the  tree  grows  abundantly.    It  is  met  with  in  commerce  in  chips 
and  largo  logs.     The  sapan  wood  obtained  from  Japan,  and  derived  from  the 
(C,  sapan)  is  an  inferior  kind,  while  tlie  varieties  known  as  Lima  or  Nicaragua  wood, 
or  Bois  de  67f.  Martha  (C  echinaUt)^  and  the  brasilet  wood  (C.  vetioana)^  are  all  of 
less  value.     All  these  kinds  of  wood  contain  a  colouring  matter  termed  brasilinev 
(according  to  Bolloy  the  formula  is  C44H4oOx4-|-3HtO),  a  colourless  snbstaneet 
crystallisuig  in  small  aoicular  crystals,  the  aqueous  solution  of  which  turns  gradual^ 
carmine-red  by  exposure  to  nir,  a  change  brought  on  almost  instantaneonsly  either 
by  boiling  tlie  solution  or  by  the  action  of  alkalies.    Brazil  wood  is  nsed  in  dyeing 
for  the  production  of  a  beautiful  red  colour,  which  is  not  fast.  This  wood  is  also,  used 
for  the  preparation  of  round  lac,  for  which  purpose,  however,  the  red  and  violet  tar- 
colours  are  now  more  oftou  employed,     lied  ink  is  commonly  made  with  brazil  wood 
according  to  tlie  following  recipe : — Brazil  wood,  250  grms. ;  alum,  30  gnns. ;  cream 
of  tartar,  30  grms. ;  water,  2  litres.    Boil  down  to  i  litre,  strain  the  liquid,  and  next 
add  of  gum  arabic  and  sugar  candy  each  30  grms.    A  better  red  ink  is  obtained  hf 
dissolving  2  decigrammes  (4  grains)  of  carmine  in  18' 27  grms.  (5  drms.)  of  liqmd 
ammonia,  and  adding  a  solution  of  i  grm.  (18  grains)  of  gum  arabic  in  a  fluid  onneet 
of  water.    Red  inks  are  now  frequently  prepared  from  solutions  of  fuohain  to  which 
some  gum  and  alum  are  added,  or  by  dissolving  commercial  amine,  a  modification 
of  rosolic  acid,  in  a  solution  of  carbonate  of  soda. 

sudAiwood.  There  is  a  red  and  a  yellow  variety  of  tliis  wood  in  oommeroe.  Hm 
red  wood  is  derived  from  Pterocarpus  santalinus,  a  tree  growing  in  Ceylon  and  other 
parts  of  In<lia.  Tlie  wood  is  imported  in  logs  exhibiting  a  straight  fibrooB  texture, 
and  externally  a  deep  red,  internally  a  bright  red.  The  colouring  matter  oontiiiMd 
in  this  wood  is  of  a  resinous  nature  and  is  named  if«^"*^iinf     AoooKding  to  tin 
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researches  of  H.  Weidel  (1869),  sandal  wood  contains  a  colourless  body,  santal, 
CsHgOj,  which  appears  to  be  converted  by  oxidation  into  santaline.  Sandal  wood  is 
used  for  the  preparation  of  coloured  lakes,  coloured  furniture  polish,  for  dyeing  wool 
brown,  dyeing  leather  red,  as  a  pigment  in  tooth  powders,  &c.  The  same  pigment  is 
found  in  barwood,  derived  from  Baphia  nitida,  an  African  tree ;  this  wood  is  said  to 
contain  no  less  than  23  per  cent  of  santaline,  while  sandal  wood  only  contains 
x6  per  cent  of  this  substance. 

Bafflower.  The  drug  to  which  this  name  is  given  consists  of  the  dried  petals  of  the 
flowers  of  the  Carthamus  tinctorim,  a  thistle-like  plant  belonging  to  the  family  of  the 
Synantherea,  a  native  of  India,  and  cultivated  in  Egypt,  the  southern  parts  of 
Europe,  and  also  to  some  extent  in  parts  of  Germany.  Safflower  contains  a  red 
matter,  carthamine,  insoluble  in  water,  and  also  a  yellow  substance  soluble  in 
that  liquid.  The  quality  of  this  drug  is  better  according  to  its  greater  purity  from 
mechanical  admixtures,  such  as  seeds,  leaves  of  the  plant  Carthamine,  CX4H16O7,  or 
Rouge  vigital,  is  prepared  in  the  following  manner : — The  safflower  is  exhausted 
with  a  very  weak  solution  of  carbonate  of  soda,  and  in  this  fluid  strips  of  cotton- 
wool are  dipped,  after  which  the  strips  are  immersed  in  vinegar  or  very  dUute 
sulphuric  acid  for  the  purpose  of  neutralising  the  alkali.  The  red-dyed  cotton  strips 
are  next  washed  in  a  weak  solution  of  carbonate  of  soda,  and  the  solution  thus 
obtained  is  precipitated  with  an  acid ;  the  carthamine  thrown  down  is  first  carefully 
washed,  and  next  placed  on  porcelain  plates  for  the  purpose  of  becoming  dry. 
Carthamine  when  seen  in  thin  films  exhibits  a  gold-green  hue,  while  when  seen 
against  the  light  the  colour  is  red.  When  carthamine  has  been  repeatedly  dissolved 
and  precipitated  it  is  termed  safflower-carmine.  Mixed  with  French  chalk  (a 
silicate  of  magnesia),  carthamine  is  used  as  a  face  powder.  Safflower  is  used  for 
dyeing  silk,  but  the  red  colour  imparted  is,  although  brilliant,  very  fugitive. 

coeiMniii«.orCoehiii«*L  This  substauce  is  the  female  insect  of  the  Coccus  cacti,  found  on 
several  species  of  cacti,  more  especially  on  tlie  Nopal  plant  and  the  Cactus  opuntia. 
This  insect  and  the  plants  it  feeds  on  are  purposely  cultivated  in  Mexico,  Central 
America,  Java,  Algeria,  the  Cape.  &c.  The  male  insect,  of  no  value  as  a  dye 
material,  is  winged,  the  female  wingless.  The  female  insects  are  collected  twice 
a  year  after  they  have  been  fecundated  and  liave  laid  eggs  for  the  reproduction 
of  young,  and  are  killed  either  by  the  aid  of  tlie  vapours  of  boiling  water  or  more 
usually  by  the  heat  of  a  baker's  oven.  Two  varieties  of  cocliineal  are  known  in 
commerce,  viz.,  the  fine  cochineal  or  mestica,  chiefly  gathered  in  the  district  of 
Mestek,  a  province  of  Honduras,  on  the  Nopal  plants  there  cultivated ;  and  the  wild 
cochineal,  gathered  firom  cactus  plants  wliich  grow  in  the  wild  state.  Tliis  latter 
variety  is  of  inferior  quality.  Cochineal  appears  as  small  deep  brown-red  grains,  at 
the  lower  and  somewhat  flattened  side  of  which  the  structure  of  the  insects  is  some- 
what discernible.  Sometimes  the  dried  insect  is  covered  with  a  white  dust, 
but  frequently  the  material  is  met  with  exhibiting  a  glossy  appearance  and 
black  colour.  The  white  dust,  very  frequently  fraudulently  imparted  by  placing  the 
grain  with  French  chalk  or  white-lead  in  a  bag,  is  according  to  the  results  of 
microscopical  investigation,  the  excrement  of  the  insect,  exhibiting  when  seen  under 
the  microscope  the  shape  of  curved  cylinders  of  very  uniform  diameter  and  a  white 
colour.  Cochineal  contains  a  peculiar  kind  of  acid — carminic  acid — ^which,  by  the 
action  of  very  dilute  sulphuric  acid  and  other  reagents,  is  split  up  into  carmine-red 
(carmine)— also  present  in  the  insect,  together  wiUi_the  acid — end  in^ti:^  ^Kl^a(s»^^'^^ 


590  CHEMICAL  TECHNOLOGY. 

C,7H,80,o+3HaO  =  Cx.Hx.Oy+CeHxaOe 

*. — ^ — —  >-    » — '     >-    , — -* 

Carmiiiio  Carmine-     Dextrose, 

acid.  red. 

What  is  commonly  termed  carmine  is  prepared  by  ezhansting  the  cochineal  with 
boiling  water;  to  the  decanted  clear  fluid  alum  is  added,  after  which  it  is  left 
standing.  By  another  method  carmine  is  prepared  by  exhausting  the  pulverised 
cochineal  with  a  solution  of  carbonate  of  soda,  white  of  egg  is  next  added  to 
this  solution  for  the  purpose  of  clarifying  it,  and  afterwards  the  solution  is  precipi- 
tated with  an  acid.  The  washed  precipitate  is  next  dried  at  30^  So  prepared, 
a  finer  and  better  kind  of  carmine  is  obtained,  but  the  common  carmine — cannine 
lac  and  round  lac — is  prepared  by  treating  an  aluminous  solution  of  cochineal  with 
carbonate  of  soda ;  the  larger  the  quantity  of  alumina  contained  in  these  preparstionsy 
the  coarser  the  quality. 

lmi>7«.  Tliis  dye-stuff  is  obtained  from  a  resinous  substance,  stick  or  grain  lac, 
or  gum  resin,  and  is  derived  from  a  variety  of  the  cochineal  insect  in  the  following 
manner : — ^The  Coccus  lacc<e,  a  native  of  India,  pierces  the  brandhes  of  eertain  kinds 
of  fig-trees  from  which  a  milky  juice  exudes,  which,  while  becoming  inspissated, 
encloses  tlie  insects  and  at  last  forms  a  hard  resinous  mass  tinged  with  the  dye-stuff 
contained  in  the  insects.  Tliis  pigment  is  extracted  from  the  resinous  matter  by 
means  of  a  solution  of  carbonate  of  soda,  and  the  solution  obtained  is  precipitated  1^ 
alum  solution.  The  lac  dye  is  not  very  different  from  cochineal.  The  dye  materials 
contained  in  kermes  {Coccus  ilicis)^  Coccus  polonivus,  and  Coccus  fiiba  are  wimiliir  to 
that  contained  in  cochineal,  but  are  now  quite  obsolete  ;  even  cochineal  is  far  less 
used  since  the  coal-tar  colours  have  been  introduced. 

orcho  and  Penio.  By  orchil,  pcrslo,  and  cudbear,  we  designate  red  dye-stofis  which  are 
met  with  in  commerce  in  pasty  masses.  Orchil  is  prepared  from  several  kinds  cxf 
sea- weed,  Hoccella  tinctoria,  R.  fudfomiis^  H.  MoutaffiiH,  Usnea  barbata,  Usnm 
jUtriday  Lecanora  parella,  Unceoliirui  scruposa,  Ramalina  calictiris^  Oyrophora 
pustulata,  and  otliers,  wliich  having  been  well  dried,  are  first  ground  to  a 
very  fine  powder.  This  is  mixed  with  urine  and  left  to  enter  into  putrefetctive 
fermentation.  The  carbonate  of  ammonia  formed  by  the  decay  of  the  urine  acting 
upon  the  peculiar  acids — lecanoric,  alpha  and  beta  orceUic,  erythrinic,  gyrophorie, 
even  lie,  usninic,  &c. — contained  in  these  sea- weeds  converts  these  non-nitrogenous 
substances  into  orcine,  C7H8OS,  this  reaction  being  accompanied  by  the  eliminatiiai 
of  water,  and  usually  also  witli  the  elimination  of  carbonic  acid.  By  taking  up 
nitrogen  and  oxygen  orcine  is  converted  into  orceine,  C7H7NO3,  constitnting  the 
essential  colouring  matter  of  orchil.  This  substance  appears  as  a  red  paste*  exhi- 
biting a  peculiar  violet  odour  {viola  odorata)  and  an  alkaline  taste.  Before  the  ooal- 
tar  colours  were  discovered,  this  dye  material  was  prepared  chiefly  in  England  and 
France,  from  weeds  imported  from  tlie  Canary  Islands,  or  collected  on  the  I^rreneei 
and  imported  from  Lama  and  Valparaiso.  Persio,  cudbear,  or  red  indigo,  is  mnch 
tlie  same  kind  of  product  as  orchil ;  the  former  was  formerly  prepared  in  Sootknd 
from  sea- weeds  found  on  the  coast.  At  a  later  period  it  was  made  in  large  quantity 
in  Germany,  in  France,  and  in  England.  Persio  was  a  red-violet  powder.  Some 
ten  years  ago  two  preparations  of  orchil  were  brought  into  commeroe  under  the 
names  of  orchil  carmine  and  orchil  purple  {pourpre  Francois),  These  sabstsnoei 
'  contained  the  orchil  dyes  in  a  very  pure  condition,    Since  the  tar-coloura  haivo 
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their  appearance,  the  dyes  obtained  from  the  sea-weeds,  very  beantifal  but  very 

perishable  colonrs,  have  in  a  great  measure  become  ob^lete. 

lms  Important  Rwi  djm.  Among  the  less  important  red  dyes  and  colonring  matters  are  the 
alkanet  root  {Anchusa  tinctoria) ;  dragon's  blood,  a  red-coloured  resin  from  Dracaena 
draco ;  harmala  red  from  the  seeds  of  the  Peganum  Harmala,  a  plant  growing  in  the 
Steppes  of  Russia ;  Chica  red,  or  carajura,  from  the  leaves  of  the  Bigmmia  chica,  a  tree 
growing  in  Venezuela  ;  purple-carmine,  or  murexide,  obtained  from  uric  acid  by  treating 
it  with  oxidising  substances  (nitric  acid  for  instance)  and  next  with  amimonia. 

Blue  Dye  MateriaU. 

"°*  ^dij J**'**^*'  Iiidigo  is  the  chief  blue  dye.  Although  known  to  the  Romans  and 
Greeks,  who  used  it  for  painting  purposes,  it  was  not  used  as  a  dye  stuff  in  Europe 
until  about  the  middle  of  the  sixteenth  century.  Indigo  is  a  substance  which  is 
widely  dispersed  in  the  vegetable  kingdom.  It  is  found  in  large  quantity  in  the 
leaves  of  several  species  of  the  anil  plants,  Indigofera^  belonging  to  the  family  of  the 
Papilionacea.  Indigo  is  also  met  with  in  woad,  Fsatis  tinctorial  Cerium  tinctorium, 
Mandmia  tinctoria.  Polygonum  tinctorium,  Asclcputs  tingens,  &c.  The  indigo  is  not 
met  with  in  the  plants  ready  formed,  but  is  generated  when  the  freshly -pressed  juice 
of  the  plant  is  exposed  to  the  action  of  the  atmosphere. 

According  to  the  results  of  a  series  of  experiments,  it  appears  that  in  the  living 
plant  the  colourless  pigment  is  present  in  combination  with  a  base,  lime  or  an 
alkali.  Dr.  Schunck  states  that  the  indigo  plant  contains  a  material  which  he  has 
termed  indican,  which  either  by  fermentation  or  by  the  action  of  strong  acids  is 
converted  into  indigo  blue  and  a  peculiar  kind  of  sugar,  indigo  glycine,  according  to 
the  following  formula  : — 

C5aH6aNa0^4+4HaO+Cx6H,oNa03+6C6Hio06. 
Indican.  Indigo  blue.  Indigo  glycine. 

The  indigo  of  commerce  is  prepared  from  the  indigo  plants  in  the  East  and  West 
Indies,  Southern  and  Central  America,  Egypt,  and  other  parts.  In  Hindostan  indigo 
is  prepared  from  the  Nerium  tinctorium.  The  following  five  varieties  of  the  indigo 
plant  are  more  particularly  employed  for  the  preparation  of  this  dye  material ;  the 
plants  are: — Indigofera  tinctoria,  /.  anil,  T.  disperma,  I.  pseudotinctoria,  and 
/.  argentea.  The  plant  requires  a  warm  climate  and  a  soil  so  situated  that  it  is  not 
liable  to  become  inundated.  When  the  plants  have  grown  to  maturity  they  are  cut 
down  with  a  sickle  close  to  tlie  soil  and  transferred  to  the  factory,  where  the  indigo 
is  extracted  from  the  plant  by  the  following  process : — The  factory  is  fitted  with  large 
water  tanks,  filtering  apparatus,  presses,  a  cauldron,  drying-room,  and,  lastly,  with 
fifteen  to  twenty  tanks  of  brickwork  laid  in  hydraulic  cement  and  plastered  inside 
with  the  same  materiaL  Into  these  tanks  the  branches,  twigs,  and  the  leaves 
are  placed,  and  water  is  run  in,  care  being  taken  to  force  the  green  plants 
down  under  the  water  by  the  aid  of  stout  wooden  balks  wedged  tight  against 
the  sides  of  the  tanks.  At  the  usual  high  temperature  of  the  air  in  the 
tropical  regions  fermentation  soon  sets  in,  and  the  liquid  contained  in  the  tanks 
assumes  a  bright  straw-yellow  or  golden-yellow  colour,  a  large  quantify  of  gas  is 
evolved,  and  after  a  lapse  of  nine  to  fourteen  hours,  the  liquid,  having  become  of  a 
deeper  yellow  hue,  or  almost  the  colour  of  sherry  wine,  is  run  from  the  fermenting 
tanks  into  a  very  large  tank  of  similar  construction^  into  which,  when  as  full  a&t&aK^ 
be  judged  convenient,  a  number  of  workmen  enter,  provided.  mV)[iVm%\yvBi^c)K^  V^^"^^ 
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and  commence  stirring  the  flnul  vigoronsly  for  the  purpose  of  exposing  it  as  mnch 
as  possible  to  tho  action  of  the  air.  During  this  ojyeration,  continued  for  some  two 
or  tiiree  hours,  the  colour  of  tlie  liquid  f^radually  changes  to  pale  green,  and  the 
indigo  may  then  be  seen  suspended  in  the  liquid  in  very  small  flocks.  The  liquid  is 
tlien  left  to  stiind,  and  the  suspended  matter  gradually  subsiding,  the  water  is 
gradually  run  off  by  the  aid  of  taps  or  pings  fitted  into  the  tank  at  different 
heights.  At  last  the  somewhat  thick,  yet  fluid,  precipitate  of  indigo  is  ran  into  a 
cauldron,  where  it  is  boiled  for  alxuit  twenty  minutes  in  order  to  prevent  it  fermenting 
a  second  time,  for  by  this  second  fermentation  it  would  be  rendered  useless.  The 
magma  is  left  in  the  cauldron  over  night  and  the  boiling  resumed  next  day 
and  then  continued  for  tliree  to  four  hours,  after  whidi  the  indigo  is  run  on  to  large 
filters,  consisting  first  of  a  layer  of  bamboo,  next  mats,  and  on  these  stout  canvas,  aU 
placed  in  a  largo  masonry  tank.  Upon  tlie  canvas  is  left  a  tliick,  very  deep  blue, 
nearly  black  paste,  which  is  thence  taken  and  put  into  small  wooden  boxes, 
perforated  with  holes  and  lined  with  canvas ;  a  piece  of  canvas  is  put  on  the  top  of 
the  paste,  and  next  a  piece  of  plank  is  fitted  closely  into  the  box.  So  arranged,  a 
number  of  these  are  placed  under  a  screw-press  for  tlie  purpose  of  eliminating,  by  a 
gradually  increased  pressure,  the  greater  portion  of  tlie  water,  and  thus  to  solidify  the 
pasty  material.  On  being  removed  from  these  boxes  the  cakes  of  indigo  are  trans- 
ferred to  the  drying- room,  and  there,  daylight  and  direct  sunlight  being  carefoUj 
excluded,  gently  dried  by  the  aid,  in  some  cases,  of  artificial  heat.  In  order  to 
prevent  the  cracking  of  the  cakes,  the  drying  has  to  be  effected  very  gently,  and  lasts 
usually  for  some  four  to  six  days.  The  dried  cakes  of  indigo  are  next  packed  in  stout 
wooden  boxes  and  tlien  sent  into  the  market.  The  exliausted  plants  are  used  for  a 
manure,  for  although  tlie  boughs  on  being  planted  in  the  soil  would  again  grow,  they 
would  not  }4eld  either  in  quality  or  quantity  enough  indigo  to  pay  the  expenses  of 
culture.  looo  parts  of  fluid  from  the  fermenting  tanks  yield  0*5  to  075  parts  of  indigo. 

propcttiM  of  Indigo.  The  iudigo  met  witli  in  commerce  exhibils  a  deep  blue  colour, 
dull  earthy  fracture,  and  when  rubbed  witli  a  hard  substance  (the  better  kinds  of  indigo 
even  when  rubbed  with  the  nail  of  the  thumb),  give  a  glossy  purplish-red  streak.  In 
addition  to  a  larger  or  smaller  quantity  of  mineral  substances,  indigo  contains  a 
glue-like  substance,  or  indigo  glue ;  a  brown  substance,  indigo  brown ;  a  red  pigment, 
indigo  red;  and  tlie  indigo  blue,  or  indigotine,  CieHioNsOj,  tlie  peculiar  dye 
material  for  which  the  drug  is  valued.  The  quantity  of  indigo  blue  contained  in  tibe 
several  kinds  of  indigo  of  commerce  varies  from  20  to  75  and  80  per  cent,  sod 
averages  from  40  to  50  per  cent.  Indigo  may  be  purified  according  to  Dumas's 
process  by  digestion  in  aniline,  whereby  the  indigo  red  and  indigo  brown  pigments  are 
dissolved  and  eliminated.  According  to  Dr.  V.  Warther  (see  "  Chemical  News,** 
vol.  xxiii.,  p.  252),  Venetian  turpentine,  boiling  paraffin,  sx>ermaceti.  stearic  acid,  and 
chloroform,  are,  at  high  temperatures,  solvents  for  indigo  blue.  (See  also  •'  ChemictI 
News,"  vol.  XXV.,  p.  58,  "  On  the  Solubility  of  Indigo  (Indigotine)  in  Phenio  Add.**) 

TevUiiK  indiffo.  The  quality  of  indigo  is  ascertained  by  its  deep  blue  colour  and  li^t- 
ness  (see  *'  Chemical  News,"  vol.  xxiv.,  p.  313).  G.  Leuchs  found  that  in  forty-mae 
samples  of  this  material  the  best  contained  60*5  per  cent,  the  worst  24  per  cent  of 
indigotine.  the  specific  gravity  of  the  former  being  low  and  of  the  latter  high.  Indigo 
should  float  on  water,  and  when  of  good  quality  it  should  not,  on  being  broken  io 
pieces,  deposit  at  the  bottom  of  tho  vessel  filled  witli  water  in  which  it  is  ooniained 
a  sandy  or  earthy  sediment.    On  being  ignitod,  indigo  should  leave  only  a  comptn- 
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lively  small  quantity  of  ash.  When  suddenly  heated,  indigo  should  give  off  a 
purplish-coloured  vapour,  sublimed  indigotine,  and  the  drug  should  be  perfectly 
soluble  in  fuming  sulphuric  acid,  yielding  a  deep  blue  fluid.  That  kind  of  indigo 
which  on  being  rubbed  with  a  hard  body  exhibits  a  reddish  coppery  hue  is  termed 
coppery-tinged  indigo,  indigo  cuivre.  In  order  to  test  indigo  more  accurately,  a 
weighed  portion  is  dried  at  ioo°  for  the  purpose  of  ascertaining  the  quantity  of 
hygroscopic  water  contained,  which  should  not  exceed  from  3  to  7  per  cent. 
Next  the  dried  indigo  is  ignited  for  the  purpose  of  ascertaining  the  quantity  of  ash  it 
yields.  For  good  qualities  of  the  drug  this  amounts  to  7  to  95  per  cent.  Numerous 
methods  have  been  proposed  by  practical  dyers  as  well  as  by  scientific  men  for  the 
purpose  of  ascertaining  the  value  of  indigo ;  that  is  to  say,  the  quantity  of 
indigotine  it  contains.  Some  of  these  processes  are  either  too  tedious,  and  cause 
great  loss  of  time,  or  are  not  sufficiently  exact.  A  commercial  sample  of  indigo  may 
be  treated  first  with  water,  next  with  weak  acids,  then  with  alkaline  solutions  and 
alcohol,  and  the  ash  and  hygroscopic  water  having  been  estin^ated,  tlie  residue  of 
the  different  operations  will  be  tlie  indigotine,  tiie  process  being  based  upon  the 
insolubility  of  the  latter  in  the  different  solvents  used  for  the  removal  of  the  impuri- 
ties met  with  in  the  sample  under  examination.  Mittenzwei  proposes  to  reduce  the 
indigo  by  means  of  an  alkali  and  protosulphate  of  iron,  to  pour  over  the  surface  of 
tlie  liquid  a  layer  of  petroleum  oil  for  the  purpose  of  excluding  air,  to  take  by  the 
aid  of  a  curved  pipette  a  known  hulk  of  the  indigo-containing  fluid,  and  to  introduce 
this  fluid  at  once  into  a  test-jar  placed  over  mercury,  and  containing  a  known  and 
accurately  measured  bulk  of  pure  oxygen.  As  i  grm.  of  white  indigotine  (soluble) 
requires  for  its  conversion  into  blue  (insoluble)  indigotine  45  c.c.  of  oxygen,  the 
quantity  of  gas  absorbed  gives  the  quantity  of  indigotine.  Tliis  method  yields  very 
correct  results,  but  requires  an  experienced  manipulator. 

^*"by  aiSliS'tioi.'^*''  Take  5  grms.  of  pure  quick-lime  prepared  from  white  marble  or 
from  well-washed  oyster- shells,  put  the  quick-lime  into  a  porcelain  mortar,  and  mix 
the  lime  with  sufficient  water  to  form  a  thin  milk  of  lime ;  next  take  5  grms.  of  the 
sample  of  indigo  very  finely  powdered,  and  add  it  to  the  milk  of  lime,  mixing 
thoroughly,  and  then  pouring  the  fluid  into  a  flask  capable  of  containing  1200  c.c. 
Ilinse  the  mortar  with  water  so  as  to  make  up  a  bulk  of  i  litre,  next  add  to  tlie 
contents  of  the  flask  10  grms.  of  crystallised  sulphate  of  iron,  and  immediately  after 
cork  the  flask  and  let  it  stand  for  several  hours  in  a  moderately  warm  place  or  on  a 
sand-bath,  taking  care  to  shake  the  vessel  frequently.  After  the  liquid  has  become 
cool  and  the  sediment  deposited,  a  small  syphon  of  known  cubic  capacity  is  filled 
with  distilled  water,  and  by  the  aid  of  this  instrument  200  c.c.  of  the  fluid  contained 
in  the  flask  are  transferred  to  a  beaker-glass.  Some  pure  hydrochloric  acid  having 
been  added  to  the  fluid,  it  is  left  to  be  acted  upon  by  tlie  air  until  the  reduced  and 
soluble  indigotine  has  become  insoluble  and  blue-coloured.  The  precipitate  is 
collected  on  a  tared  filter,  well  washed,  dried,  and  next  weighed.  This  weight  cor- 
responds to  the  quantity  of  pure  indigo  blue  present  in  i  grm.  of  the  sample. 
.  Pcnny'ii  Test.  This  tost  Is  bascd  upou  the  application  of  bichromate  of  potash  and 
hydrochloric  acid.  10  parts  of  finely-pulverised  indigo  are  digested  with  twelve  times 
its  weight  of  fuming  sulphuric  acid  at  a  temperature  not  exceeding  25°  for  a  period 
of  twelve  hours.  When  the  indigo  has  been  entirely  dissolved  tlie  fluid  is  poured 
into  I  pint  (=  0568  litre)  of  water,  next  24  grs.  of  C(mcentrat«d  hydrochloric  acid  are 
added,  and  the  fluid  is  then  gently  heated,  after  which  it  is  titrated  wilK  ^  ^g^cQ^^kSs&^ 
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of  bicliromatc  of  potash  in  water,  this  solution  being  added  as  long  as  a  drop  of  the 
iluid  taken  with  a  glass  rod  and  placed  on  a  piece  of  white  filtering-paper  exhibits  a 
trace  of  green  or  blue  colouring  matter.  The  operation  is  finished  when  the  liquor 
tested  exhibits  a  bright  brown  or  ochrey-yellow  speck  upon  the  filtering-piqter. 
Si  parts  of  bichromate  are  required  for  decolourising  xo  parts  of  pure  indigo  blue. 
Chloride  of  iron  may  be  used  for  converting  indigo  blue  into  isatine.  Probably  the 
observation  made  by  Stockvis  at  Amsterdam  (1868),  that  indigo  bine  is  sohille  in 
chloroform,  might  be  rendered  available  for  the  testing  of  indigo. 

indiffoiuiM.  This  substance,  also  known  as  indigotine,  may  be  obtained  from  the 
indigo  of  commerce,  either  by  carefully  conducted  sublimation,  or,  as  already  stated, 
by  treating  indigo  with  lime,  protosulphate  of  iron,  and  water.  The  foimula  of 
indigo  blue  is  CjeHioNa.  When  indigo  blue  is,  in  the  presence  of  alkaline  sabstanees, 
brought  into  contact  with  bodies  which  readily  absorb  oxygen — ^for  instanee,  with 
protosulphate  of  iron,  sulphites,  &c. — there  is  formed,  with  simultaneous  decomposition 
of  water,  white  indigo  or  reduced  indigo,  C16H12N2O2.  The  use  of  indigo  as  a  <^ 
material  is  in  great  measure  based  upon  this  reduction.  By  the  action  of  oxidisiiig 
substances,  such  as  permangaTiic  acid,  chlorine,  chromic  acid,  a  mixture  of 
so-called  red  prussiatc  of  potash  (ferricyanide  of  potassium)  with  potash,  soda,  oxide 
of  copper,  &c.,  indigo  blue  is  converted  into  isatine,  G16H10N3O4.  Indigo  bhe 
dissolves  in  concentrated  sulphuric  acid,  but  becomes  thereby  radically  changed  and 
cannot  be  brought  back  to  its  primitive  state,  forming  as  it  does  with  the  add  a 
chemical  compound—  sulphindigotic  acid,  or,  as  it  is  termed  by  dyers,  sulphate  of 
indigo.  When  this  acid  solution  is  treated  with  carbonate  of  potash,  there  is  fanned 
indigo  carmine  or  blue  carmine,  soluble  indigo,  a  deep  blue  precipitate  aelnUe  in 
140  parts  of  cold  water.  This  indigo-carmine  is  used  as  a  water-colour  pigment; 
while  mixed  with  some  starcli  and  a  little  gum-water  it  is  formed  into  balls  or  othff 
suitable  shapes  and  used  as  washing-blue,  ultramarine  being  also  employed  for  the 
same  purpose. 

Locwood.orcunp«ach7.  This  dyc  material  is  the  wood,  freed  from  bark  and  iplini,of 
the  logwood  tree,  HoBimttoxylon  enmjtechianum^  a  native  of  Central  America,  and 
cultivated  in  several  of  tlie  West  Indian  Islands.  Tlie  colouring  matter  contained  in 
tliis  wood  is  called  hsBmatoxyline,  CjfiHi^Oe,  a  pale  yellow,  transparent,  adoQlsted 
crystalline  body.  By  itself  it  is  not  a  pigment,  but  is  a  colourable  material,  which 
becomes  coloured  when  brought  into  contact  with  strong  alkalies,  more  especiallly 
with  ammonia  and  tlie  oxygen  of  the  air.  The  solution  of  hsematozyline  in  water  is 
quite  colourless,  but  becomes  at  once  purple-red  by  the  smallest  addition  of  •w*itiAma. 
The  colouring  matter  thus  formed  is  termed  htemateine.  Logwood  is  used  fortlie  pnr- 
pose  of  dyeing  blue  and  black.  Extract  of  logwood  is  very  frequently  prepared. 
As  with  other  similar  extracts,  it  should  be  made  in  vacuum  pans  withdrawn  frcmthe 
oxidising  action  of  the  air,,  because  tiie  hiematoxyline  contained  in  logwood  becomei 
thereby  altered.  The  makers  of  tlie  extracts  of  dye-woods  invariably  use  Tacnmn 
apparatus. 

utmni.  This  colouring  matter,  also  sometimes  termed  toumesol,  is  only  veiy  rard^ 
used  as  a  dye  for  textile  fabrics,  the  colour  imparted  being  very  fugitive ;  but  liCiniif 
is  employed  to  impart  a  bluish  tinge  to  whitewash-lime,  fnrtlier  for  cdoniing  test- 
papers,  for  giving  a  red  hue  to  tiie  red  champagnes,  &c.  Litmus  is  obtained  from  the 
seaweeds  that  }'ield  arcliil,  cudbear,  and  persio,  potash  being  employed  with  tbt 
ammoniacal  liquor.    The  difference  in  the  preparation  consists  in  the  fennentalioa 
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and  oxidation  being  carried  farther,  the  result  being  that  the  red  pigment  (oroln)  is 
thereby  converted  into  a  blue-coloured  material  azolitmine : — 


Orcin,  C7H80a 

Ammonia,  NHj}-  yield 
Oxygen,  4O 


([  yi< 


Azolitmine,  C7H7NO4 

and 
Water,  2HaO. 


The  fermented  mass  is  mixed  with  gypsum  and  chalk,  moulded  into  lozenges,  dried, 
and  sent  into  commerce. 

That  known  as  litmus  on  rags,  tournesol  en  drapeaux,  is  prepared  in  the  southern 
parts  of  France  (almost  exclusively  at  Ghrand  Gallargues,  D6partement  du  Gard) 
from  the  juice  of  the  Croton  tlnctorium  in  which  coarse  linen  rags  are  repeatedly 
steeped,  and  these  having  been  submitted  to  the  action  of  the  ammonia  evolved  from 
stable  manure  or  from  lant,  become  purple-red  coloured.  Weak  acids  turn  this 
colour  to  yellow-red,  which  is  not  again  turned  to  purple-blue  by  alkalies,  the  effect 
of  these  being  to  render  the  colour  somewhat  green.  The  tournesol  en  drapeaux  is 
largely  used  in  Holland  for  imparting  a  colour  to  the  crust  of  certain  kinds  of  cheese 
made  in  that  country,  the  effect  being  that  the  cheese  thus  externally  dyed  is  by  hr 
less  liable  to  decay  and  to  be  attacked  by  cheese-mites.  The  pigment  is  also  used 
for  colouring  a  peculiar  kind  of  paper,  extensively  employed  for  the  covering  of 
sugar-loaves.    It  is  also  used  for  imparting  a  tinge  to  liqueurs^  sweetmeats,  &c. 

Yellow  Dyee, 

Y«iiow.wood.  Fmtio.  YcUow-wood  Is  the  hard  wood  of  the  dyer's  mulberry  tree, 
botanically  termed  Morue  tinctoria  or  Madura  aurantiaca.  It  is  imported  cliiefly 
from  Cuba.  San  Domingo,  and  Hayti.  Tliis  wood  has  a  yellow  and  in  some  parts 
yellow-red  colour,  due  to  a  colourless  crystalline  body,  morine,  CX3H8O5.  present  in 
combination  with  lime,  and  also  to  a  peculiar  kind  of  tannic  acid,  morine-tannic  acid,  also 
termed  maclurine  (formula,  CijHxoOe),  both  often  met  with  deposited  in  the  wood  in 
large  quantities.  Morine  becomes  yellow  by  exposure  to  air  and  the  simultaneous 
influence  of  alkalies.  When  treated  with  caustic  potash  maclurine  is  split  up  into 
phloroglucine  and  protocatechutic  acid.  Yellow- wood  is  employed  for  dyeing  yellow 
and  also  black,  in  consequence  of  the  large  quantity  of  tannic  acid  it  contains.  The 
commercial  extract  of  this  wood  is  termed  cuba  extract. 

Tovax  riuue,  Fnnoii  Foatat.  This  is  a  groeu-yellow  wood,  exhibiting  brown-coloured 
stripes,  and  derived  from  a  European  shrub,  the  Rhus  cotiniu  of  the  botanists,  a  plant 
belonging  to  the  southern  parts  of  Europe.  The  prefix  *'  young  "  is  given  to  it  on 
account  of  the  smallness  of  its  branches  as  compared  with  that  of  the  yellow-wood, 
which  is  distinguished  as  old  fustic.  The  fustet  contains  a  peculiar  colouring 
matter  termed  fustine,  and  in  addition  large  quantities  of  tannic  acid.  It  would 
appear  that  fustin  yields  quercetine  by  being  split  up  in  chemical  sense. 

Aanfttto,  or  Aniotto  Is  a  ycUow-rcd  pigment,  chiefly  used  for  dyeing  silk.  It  is  met 
with  in  commerce  as  a  thick  paste  of  the  consistence  of  putty,  and  is  prepared  in 
America,  the  West  and  East  Indies,  from  the  pulp  of  the  fruit  of  the  Biaa  OreUana. 
According  to  Ghevreul,  annatto  contains  two  different  pigments ;  one  of  these  exhibits 
a  yellow  colour  and  is  soluble  in  alcohol  and  water,  while  the  other,  a  red-coloured 
matter,  is  readily  soluble  m  alcohol  but  not  in  water.  Piccard  states  that  the  formula 
of  the  latter  is  C5H6O4.  Annatto  is  soluble  in  weak  caustic  and  carbonated  alkaline 
solutions. 
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^'^piJSlSU!'  'r^"»  <^g  is  the  fruit  of  various  kinds  of  shrubs  which  are  known 
by  the  general  name  of  the  dyer's  buckthorn,  tlie  Rhamiu  infsctorius,  IL  amffg- 
dtiUnus,  Ji.  sdxatilis  of  the  botanists,  grown  in  the  Levant,  Southern  France,  and 
Hungary.  The  size  of  these  berries  varies  very  much,  two  sizes  being  chiefly  met 
with  and  distinguished  in  commerce,  viz.,  tlie  hirge  bright  olive-ooloored  full-sized, 
and  the  smaller  shrivelled  deep  brown  berry.  The  former  are  gathered  before  they 
are  quite  ripe,  wliile  the  others  have  been  left  after  full  maturity  for  a  considerable 
time  on  tlie  twigs.  These  berries  contain  a  line  golden-yellow  pigment  named 
chrysorliamniue  and  olive -yellow  xanthorhamnine.  According  to  BoUey  the  former 
is  identical  with  quercetine.  Berries  are  used  in  calico-printing,  for  the  colouring  of 
paper-pulp,  and  for  tlie  preptiration  of  lake  colours. 

Tnnnerie  Is  tlic  dried  root  of  tlic  Curcuiiut  lomju  and  C,  rotunda,  a  plant  growing  in 
India  and  Java,  belonging  to  the  natural  order  of  the  JScitaminea.  The  root  is  met 
with  in  egg-sliaped  tubers  or  iiatteued  lumps,  exhibiting  a  dirty  yellow  colour.  The 
pigment  contained  is  tenucd  curcumiuc.  CsHjoOa.  As  a  dye  turmeric  is  chiefly  used 
in  silk-printing  and  dyeing,  also  for  woollen  fabrics  for  dark  and  full  shades  of 
colour.  Upon  cotton  it  dyes  witliout  mordant,  but  the  colour  is  very  fugitive. 
Turmeric  test-paper  is  used  for  the  detection  of  alkalies  and  boracic  acid,  by  which 
it  is  turned  red-brown. 

Weld.  This  dye  material  consists  of  the  dried  herb  and  stems  of  a  plant  botanically 
known  as  Bcneilu  hit  tola,  a  native  of  tlie  southern  parts  of  Europe  and  firequently 
cultivated  for  the  use  cf  dyers.  French  weld  is  considered  the  best.  The  pigment 
it  contains  is  known  as  luteoliue. 

Quercitron  Bark.     Tliis  dye  material,  as  its  name  indicates,  is  the  inner  bark  of  the 
black  oak,  Quercus  tinctona.    It  is  a  native  tree  of  Nortli  America,  and  the  drug  is 
imported  in  tlie  state  of  powder.    The  colour  of  this  substance  is  bright  yellow,  and 
it  contains  tannic  acid  in  addition  to  a  yellow  pigment,  quercitrine,  C33H30OX7. 
^Vllen  quercitrine  is  treated  with  dilute  acids  it  is  split  up,  yielding  quercetine, 
C27H18O12,  a  lemon-yellow  powder  met  witJi  in  commerce  under  the  name  of  flavine. 
According  to  Hlasiwetz's  opinion,  quercetine  contains  tlie  complex  of  morine.   Owiug 
to  the  beauty  of  the  colour  it  yields,  quercitron  bark  is,  with  picric  acid,  the  chief 
yellow  dye  of  tlie  present  day.    ^Vmong  the  more  or  less  important  yellow  dyes,  we 
mention : — Saw-wort,   iSerratuUi  tinctona ;    dyer's  brown,  or  greenwood,   OenUta 
tiiietoria  ;  the  wongshy,  Chinese  annatto,  or  yellow  pods,  the  seed  capsules  "of  the 
fruit  of  Ounl^Hi4i  Jiorida,  a  plant  belonging  to  the  family  of  the  Ruhiacect ;  porrhee. 
or  Indian  yellow,  Jaune  Indien,  a  dye  material  imported  from  India,  the  origin  of 
which  is  not  known  (it  is  the  magnesia  salt  of  purreic  or  euxanthic  acid,  and  is 
stated  to  be  obtained  from  tlie  urine  of  camels) ;  Morinda  yellow,  from  the  MormJa 
citrifoUa.    Since  the  tar-colour  industry  has  sprung  up,  picric  acid  (see  p.  580)  is 
frequently  used  as  a  yellow  dye,  and  mixed  with  either  indigo  or  aniline  blue,  as  a 
green  dye  for  silk  and  woollen  fabrics.    In  order  fully  to  exhaust  the  picric  add 
dye-beck,  some  sulphuric  acid  should  be  added  to  it.    More  recently  the  so-called 
Manchester  yellow  ^see  p.  582)  is  frequently  employed  instead  of  picric  acid.    The 
latter  is  not  used  upon  cotton. 

""'ijui:? i>JSi."*^  Brown  dyes,  aniline  brown  excepted,  are  mixtures  of  red.  yellow, 
and  blue,  or  of  yellow  or  red  with  black.  Frequently  a  brown  is  dyed  by  the  use  of 
uxidising  agents  witli  tannin-containing  pigments,  sucli  as  willow,  oak,  or  walnut 
barks  witli  cutch,  the  extract  of  the  wood  of  the  Areca  and  Acacia  catechu,  &o.    The 
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latter  is  technically  termed  cliemick  brown.  Manganese,  or  bister  brown,  is  obtained 
from  the  hydrated  oxide  of  manganese.  Black  is  obtained  from  tannate  or  gaUate  of 
protoperuxide  of  iron  or  from  logwood  decoction  and  chromate  of  potash*  or  from 
aniline  black  (see  p.  579).  Green  is  produced  by  mixing  yellow  and  blue,  or  by  the 
use  of  the  Chinese  green  Lo-kao,  obtained  from  Rhamnus  chlorojfhorus  and  R.  utUi$  ; 
or  by  the  use  of  sap-green  from  the  berries  of  the  Rluimnus  catharticu$ ;  finally, 
aniline  green  (aldehyde  green  and  iodine  green,  see  p.  578)  is  used,  and  yields  a  most 
beautiful  dye. 

Bleaching. 

Biwmwni.  The  Operation  of  bleaching  aims  at  more  or  less  perfectly  whitening 
or  decolourising  the  yams  spun  from  flax,  hemp,  jute,  cotton,  or  of  the  textile 
&brics  woven  from  the  same.  Vegetable  fibre  resists  the  action  of  most  chemical 
agents  in  use  in  the  bleaching,  while  the  foreign  or  incrustating  or  colouring  matters, 
occurring  chiefly  on  the  surface  of  the  fibre,  are  rendered  soluble  or  completely 
destroyed.  The  bleaching  of  the  fabrics  and  fibres  whidi,  such  as  linen  or  cotton 
tissues,  consist  mainly  of  cellulose,  is  based  on  this  principle.  The  method  of 
bleaching  wool  and  silk  diflers  from  that  of  the  vegetable  fibres,  inasmuch  as 
the  chemicals  used  for  the  latter  would  exert  upon  the  former  a  solvent  action,  not 
only  as  regards  the  impurities,  but  the  substance  itself. 

In  the  operation  of  bleaching,  partly  chemical  and  partly  mechanical  means 
are  employed.  On  tlie  largo  scale,  setting  aside  all  theoretieal  considerations  which 
do  not  fall  within  the  scope  of  this  work,  the  operation  of  bleaching  cotton  fabrics 
consists  of  the  following  operations : — 

1.  Singeing,  followed  by  *•  rot  steep"  or  "  wetting-out  steep." 

2.  Liming — boiling  with  milk  of  lime  and  water  for  12  to  16  hours. 

3.  Washing  out  the  lime  and  passing  in  hydrochloric  acid  "sours"  or  weak  vitrioL 

4.  Bowking  in  soda-ash  and  prepared  resin,  10  to  16  hours. 

5.  Washing  out  the  bowk. 

*  Ordinary  black  ink  which,  if  reallv  made  with  galls,  consists  essentially  of  gallate  of 
protoperoxide  of  iron  kept  in  suspension  in  water  by  the  aid  of  gum  arabic,  is  indeed  a 
dye  liquor.  A  very  good  black  ii5t  may  be  made  as  follows : — i  kilo,  of  coarsely  pulverised 
nut  galls  and  150  grms.  of  logwood  chips  are  exhausted  with  5  litres  of  hot  water; 
600  grms.  of  gum  arabic  are  dissolved  in  2^  litres  of  water ;  and  500  grms.  of  sulphate  of 
iron  in  some  litres  of  water ;  each  of  these  solutions  being  made  separately.  This  done  the 
gall-logwood  infusion  is  mixed  with  those  of  the  gum  and  copperas;  a  few  drops  of 
essential  oil  of  cloves  or  of  gaultheria  (winter  green  oil)  having  been  added,  there  is  added 
as  much  water  as  will  bring  the  bulk  of  the  liquid  up  to  1 1  litres.  While  this  kind  of  ink 
attacks  and  corrodes  steel  pens,  it  has  the  additional  disadvantage  that  after  a  time  the 
writing  becomes  yellow.  In  1848  Runge  called  attention  to  an  ink  originally  invented  by 
Leykauf  at  Nurenberg,  and  improved  upon  by  C.  Erdmaim  at  Leipzig  and  sold  by  him. 
Tins  ink  is  made  up  of  1000  parts  of  a  logwood  decoction  (i  part  of  wood  to  8  parts  of 
water)  and  i  part  of  yellow  chromate  of  potash,  some  bichloride  of  mercury  being  added 
for  the  purpose  of  preventmg  the  formation  of  mould.  This  ink  is  cheap  and  very  per- 
manent ;  the  colouring  principle  is  a  combination  of  hiemateine  and  oxide  of  chromium. 
Leonhard*s  so-called  alizarine  ink  is  made  by  exhausting  with  water,  so  that  120  parts  of 
fluid  are  obtained  from  42  parts  of  galls  and  3  of  madder.  To  this  mixture  is  added 
1*2  parts  of  sulphindigotio  acid,  5*2  parts  of  green  copperas,  and  2  parts  of  pyrolignite  of 
iron  solution.  Bouen*s  blue  ink,  frequently  used  in  France,  consists  of  a  decoction  of 
750  grms.  of  logwood,  35  grms.  of  alum,  31  grms.  of  gum  arabic  in  5  to  6  litres  of  water. 
For  an  excellent  extemporaneous  ink,  see  *'  Chemical  News,"  vol.  xxv.,  p.  45.  Copying 
inks  are  only  more  concentratetl  ordinary  inks,  to  which  more  gum  and  sugar  are  added. 
Harking  ink  for  linen  is  a  solution  of  silver  (see  p.  Z05),  or  aniline  black  produced  on  the 
woven  fabric  (see  p.  579). 
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6.  Passing  throngh  a  solntion  of  diloride  of  lime  (hypoohlorite  of  lime). 

7.  Passing  through  weak  liydrochloric  aoid. 

8.  Washing,  squeezing,  and  diying. 

The  singeing  is  not  a  part  of  the  bleaching  process  properly  osnsidered:  its 
purpose  is  to  remove  the  loosely  adhering  filaments,  and  improTe  the  appearance  ef 
the  cloth  if  required  for  printing. 

The  "  rot  steep"  (so-called  because  the  flour  or  size  with  which  the  goods  were 
impregnated  was  formerly  allowed  to  enter   into   fermentation  and  patzefiaetioii) 
is  intended  to  thorouglily  saturate  the  cloth.     The  liming  takes  |dace  in  kiei» 
or  kettles  capable  of  holding  from  500  to  1500  pieces  of  cloth.    The  lime  is  veiy 
carefully  slaked  and  brought  to  a  smooth  milk  of  lime,  being  sifted  so  that  no 
small  lumps  of  quick-lime  shall  get  into  the  kier.    The  lime  is  equally  distributed 
upon  the  cloth  as  it  enters  the  kier.     The  cloth  is  pressed  into  the  liquor  and 
the  boiling  commenced  and  continued  for  a  period  of  12  to  16  hours.    At  the  end  of 
that  time  the  liquor  is  run  off  and  clear  water  run  in  to  cool  the  pieces  of  cloth, 
which  are  then  taken  out  and  washed.     The  utility  of  the  liming  consists  ^in  its 
action  upon  the  greasy  matters,  forming  with  them  a  kind  of  insoluble  seep,  which  is 
easily  removed  by  the  subsequent  processes.    The  souring  after  liming  removes  all 
excess  of  lime  and  breaks  up  the  insoluble  lime-soap,  leaving  the  greasy  matters  upon 
the  cloth,  but  in  such  an  altered  state  as  to  be  easily  dissolved  in  the  bowking  which 
follows.    Hydrochloric  acid  is  sometimes  used  in  this  souring,  but  more  oommonly 
dilute  sulphuric  acid  is  employed.    The  bowking  or  boiling  with  alkali  and  soap  has 
for  its  object  the  removal  of  tlie  greasy  matters ;  it  dissolves  them,  and  all  the  dirt 
held  by  them  now  comes  out  of  the  cloth,  leaving  the  cotton  nearly  pure.    The  alkali 
used  in  this  process  is  soda-ash.    The  soap  is  made  from  resin  and  called  prepared 
resin.    The  last  process  is  tliat  of  passing  the  goods  through  a  clear  solution  of 
bleacliing-powder  for  the  purpose  of  destroying  the  slight  tinge  of  colour  of  a  buff 
or  cream  shade  still  adhering  to  tlie  cotton.     Tlie  solution  of  bleaching-powder 
is  very  weak,  so  that  probably  a  piece  of  calico  of  the  ordinary  size  does  not  take  up 
more  than  the  soluble  matter  from  4  of  an  ounce  of  bleacliing-powder.     The  goods 
are  allowed  to  remain  some  time  in  soaking  with  the  chloride  of  lime  solution, 
and  are  next  passed  through  sours  for  the  final  operation.    The  dilute  hydrochloric 
acid  has  the  effect  of  setting  the  clilorine  free  from  the  bleaching-powder  and  thus 
completing  the  destruction  of  the  colour.    At  the  same  time  it  removes  the  lime  snd 
likewise  any  traces  of  iron  (iron  moulds)  tliat  may  exist  in  the  cloth.    Linen  is  not 
80  easily  bleached  as  cotton,  and  it  appears  to  suffer  considerably  by  boiling  with 
lime  and  by  contact  with  bleaching-powder.    It  is,  therefore,  generally  bleached  by 
continual  boilings  with  alkali  and  a  few  sourings  with  bleacliing-powder ;  or  as  lime 
is  injurious,  the  hypochlorites  of  potash  or  soda  are  substituted.    Woollen  goods  or 
yams  are  bleached  by  treating  them  with  very  mild  alkaline  liquors,  which  remove 
the  fatty  matters,  lant  and  soap  with  soda  crystals  being  the  substances  nsuaUy 
employed.    Sulphurous  acid  gas — or«  as  it  is  termed  in  the  trade,  vapour  of  burning 
brimstone — is  used  to  finish  wool,  giving  it  whiteness  and  lustre.    The  following  is 
an  outline  of  tlie  process  as  described  by  Persoz  for  bleaching  woollen  goods ;  it 
is  for  40  pieces  each  50  yards  long: — i.  Passed  three  times  throngh  a  solution  of 
25  lbs.  of  carbonate  of  soda  and  7  lbs.  of  soap  at  a  temperature  of  100^  F. ;  add  }  lb. 
of  soap  after  every  four  pieces.    2.  Wash  twice  in  warm  water.    3.  Passed  three 
times  tlirough  a  solution  of  25  lbs.  of  carbonate  of  soda  at  120''  F..  and  add  I  lb.  of 
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soap  again  after  every  four  pieces.  4.  Sulphared  in  a  room  for  twelve  lionrs,  using 
25  lbs.  of  sulphur  for  the  forty  pieces.  5.  Passed  three  times  through  a  solution  of  soda, 
as  in  No.  3.  6.  Sulphured  again,  as  in  No.  4.  7.  Soda  liquor  again,  as  in  No.  3. 
8.  Washed  twice  through  warm  water.  9.  Sulphured  a  third  time  as  in  No.  4. 
zo.  Washed  twice  in  warm  and  then  in  cold  water.  11.  Blued  with  extract  of 
indigo  (indigo-carmine)  according  to  taste. 

BiMching  of  Silk.  The  Operation  of  bleaching  silk  is  always  preceded  by  removing 
(decorticating*  degumming)  the  gummy  substance  attached  to  and  externally 
covering  the  fibre.  This  is  effected  by  boiling  the  raw  silk  in  soap  and  water. 
For  tiie  purpose  of  bleaching  silk  nothing  but  water,  soap,  and  sulphur  (for  making 
sulphurous  acid)  are  used.  Occasionally  some  soda  crystals  are  employed  to 
save  soap  but  as  alkalies  injure,  and  if  incautiously  used  destroy,  the  fibre,  they 
must  be  employed  with  extreme  care.  Bran  is  sometimes  used  with  soap  in  order  to 
neutralise  any  excess  of  alkali  (bran  contains,  or  rather  develops,  when  it  becomes 
wet,  lactic  acid).  The  process  is  terminated  by  passing  in  an  extremely  diluted 
sour  (solution  of  sulphuric  acid  in  water)  so  weak  as  scarcely  to  be  acid  to  the  taste. 
Sulphuring  is  only  required  for  silks  intended  to  be  left  either  white  or  to  be  dyed  or 
printed  with  bright  and  light  colours.  This  operation  requires  great  care  and  should 
be  seldom  resorted  to. 

This  is  an  outline  of  the  process  of  bleaching  as  carried  on  in  practice  on  the 
large  scale  in  this  as  well  as  in  other  countries.  The  theoretical  consideration  of 
the  mode  of  action  of  the  substances  employed  belongs  to  theoretical  chemistry,  and 
is  treated  under  the  heads  of  Chlorine,  Sulphurous  Acid,  Oxidising  Substances,  &o. ; 
and  as  far  as  the  textile  fibres  are  concerned,  under  Cellulose  for  flax,  hemp,  jute, 
cotton,  and  the  Animal  Fibres  for  wool  and  silk.  The  meadow  bleaching  of  cotton 
and  linen  fabrics  is  still  resorted  to  in  some  extent,  but  only  in  connection  with  the 
processes  already  referred  to.  None  of  die  novelties  proposed  for  bleaching 
purposes — among  these,  for  instance,  the  use  of  permanganate  of  potash  (Tessi6  du 
Motay's  process)  as  a  bleaching  agent — have  been  found  by  practical  bleachers  of 
great  experience  to  be  either  better,  more  manageable,  or  cheaper  than  the  methods 
sanctioned  by  lengthy  experience  and  daily  use. 

Dyking  of  Spun  Yarn  and  Woven  Textile  Fabrics. 

Dydng.  Just  as  animal  charcoal  and  arable  s<h1  are  possessed  of  the  property 
to  assimilate  in  their  pores  colouring  matter  and  some  inorganic  substances  without 
the  latter  being  altered,  so  also  do  animal  and  vegetable  fibres  possess  the  property 
of  absorbing  from  solutions,  and  fixing  in  a  more  or  less  insoluble  condition,,  dyes 
and  some  of  the  constituents  of  mordants.  This  combination,  or  more  correcUy 
union,  is  often  so  loose  that  it  is  readily  broken  up  by  repeated  treatment  with 
solvents  (viz.  simply  washing  with  water  or  soapsuds),  especially  if  aided  by  heat. 
Thus,  for  instance,  a  textile  fibre  dyed  (rather  tinged,  for  dyeing  implies  fixity)  with 
sulphindigotic  acid,  or  a  solution  of  Berlin  blue  in  oxalic  acid,  may  be  decolourised 
again  by  repeated  washing  in  water.  A  fibre  can  only  be  called  dyed  in  the  strict 
sense  when  the  dissolved  dye  material  has  been  united  in  insoluble  condition  with 
the  fibre,  for  which  purpose  often  the  intervention  of  a  third  substance,  viz.,  a 
mordant,  is  required,  the  union  thus  formed  resisting  the  action  of  solvents,  that  is 
to  say — ^repeated  washing  with  warm  water  and  soap.  The  colour  thus  prodn«ed  is 
termed  fast,  and  resists  the  action  of  light,  air,  soap -water,  weak  alkaline  solations. 
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and  weak  acids.  A  dye  which  docs  not  resist  those  agents  is  termed  fngitife. 
Dyeing  is  partly  based  on  chemical  principles,  but  as  regards  the  taking  np  or  fixing 
of  tlie  dye  by  the  libro,  it  would  appear  to  bo  only  a  physical  attraction,  capillarity, 
as  there  does  not  exist  between  a  certain  quantity  of  fibre  and  of  dye  an  atonusde 
relation.  Moreover,  neither  iibrc  nor  dye  have  lost,  after  iixation  has  taken  place, 
their  characteristic  properties. 

The  insoluble  condition  of  tlic  union  between  fibre  and  dye  may  be  obtained 
in  various  ways,  viz. — i.  By  removal  of  tlie  solvent,  as,  for  instance,  oxide  of  copper 
dissolved  in  ammonia  may  be  fixed  on  tlie  fibre  by  simply  evaporating  the  latter 
fluid ;  chromate  of  zinc  dissolved  in  ammonia  may  be  fixed  in  tlie  same  manner.  The 
precipitation  of  cailhamine  from  its  alkaline  solution  by  tlie  aid  of  an  acid,  and  the 
precipitation  of  some  of  the  tar  colours  from  their  alcoholic  solutions  belong  to  the 
same  category.  The  insoluble  condition  can  be  produced  by — 2.  Oxidation,  tiie  pre- 
viously soluble  dye  being  rendered  insoluble  by  taking  up  oxygen  (ageing  process). 

The  ferrous  and  manganous  sulphates  becoming  converted  by  oxidation  into 
insoluble  hydrated  oxides;  and  further,  those  dyes  of  vegetable  origin  which, 
in  addition  to  tannic  acid,  also  contain  a  peculiar  dye  material,  such  as  quercitron, 
sumac,  yellow-wood,  fustet,  &c.,  belong  to  tliis  category.  When  any  textile  &bnc  is 
impregnated  with  an  aqueous  or  alkaline  infusion  of  these  substances,  and  then  aged 
or  stoved  (technical  terms  for  exposure  to  action  of  air  in  what  are  termed  ageing- 
rooms),  the  dye  material  becomes  brown,  and  is  then  no  longer  soluble  in  water.  This 
is  more  rapidly  effected  by  treating  the  textile  fabrics,  previously  impregnated  with 
tlie  solutions  of  tlie  drugs,  with  oxidising  substances — for  instance,  chromic  acid  or 
bichromate  of  potash.  Another  instance  of  this  kind  is  the  process  of  dyeing  black 
witli  logwood  and  chromate  of  pottish,  whereby  the  htomatoxyline  of  the  wood 
is  oxidised,  and  the  chi'omic  acid  reduced  to  chromic  oxide.  To  some  extent 
the  dyeing  blue  witli  indigo  in  tlie  vat  (blue  vat),  to  be  more  fully  described  pre- 
sently, belongs  to  the  same  category ;  but  in  tliis  case  tlie  production  of  the  colour  is 
due  to  tlie  gradual  absorption  of  oxygen,  while  simultaneously  hydrogen  is  evolved 
from  tlie  white  indigo,  tlie  hydogen  combining  witli  oxygen  and  forming  water.  The 
formation  of  aniline  black  upon  tissues  by  the  aid  of  ozone-forming  substances 
(chlorate  of  potasli,  ferric3'auide  of  ammonium,  cliromate  of  copper,  freslily  precipi- 
tated sulphide  of  copper)  belongs  to  tliis  class.  In  many  cases  the  insoluble  condi- 
tion (3)  is  obtained  by  double  decomposition ;  as,  for  instance,  blue  is  produced  by 
hydroferrocyanic  acid  and  oxide  of  iron ;  green  by  arsenite  and  sulphate  of  copper ; 
yellow  by  cliromate  of  potash  and  a  soluble  lead  salt.  Tliis  mode  of  fixation  of  pig- 
ments is  only  employed  with  mineral  colours.  The  most  important  and  most 
ordinary  metliod  of  fixing  dyes  is  (4)  by  the  aid  of  mordants.  We  imderstand  by  a 
mordant,  a  solution  of  simie  substance  which,  not  being  itself  a  dye,  has  an  afl^ty  as 
well  for  the  fibre  as  for  the  dye  material,  and  is  thereby  capable  of  effecting  the 
fixation  of  tlie  latter  to  the  fibre. 

The  more  important  mordants  are  : — Alum ;  sulphate,  acetate  and  hyposulphite  of 
alumina;  aluminate  of  soda;  and  acetate  of  iron;  according  to  lleimann  [1870], 
amorphous  silica  may  be  used  for  fixing  several  dye  materials ;  tin  mordants ;  fiaitty 
substances,  Gallipoli  oil,  in  Turkey-red  dyeing;  tannic  acid,  for  madder  colours; 
cochineal  colours  ;  aniline  dyes  on  cotton  and  linen  fabrics ;  albumen,  dried  white  of 
egg,  gluten,  caseine.  and  fatty  oils  (linseed  oil  also  sometimes),  llie  fabrics  to 
be  dyed  are  impregnated  with  tlie  mordants,  which  are  next  fixed,  an  operation 
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differing  according  to  the  nature  of  the  mordant  as  well  as  the  specific  dye  it  is 
required  for ;  but  in  general  terms,  ageing,  dung-bath,  bran-bath,  and  soaping,  are 
employed,  after  which  the  woven  fabric  is  placed  in  the  dye  solution  contained  in  the 
dye-beck.    Most  of  the  dyes  of  organic  origin  can  be  fixed  only  by  the  aid  of  mordants. 

Bancroft  considers  dyes  as  substantive  and  acyective.  By  the  former  is  under- 
stood those  wliich  without  the  aid  of  a  mordant  become  fixed  upon  the  textile  fibres 
in  an  insoluble  condition^  to  tiiese  belong  all  mineral  pigments;  and  among 
the  vegetable  colouring  substances — ^indigo,  turmeric,  annatto,  safflower,  also  most  of 
the  tar-colours,  although,  as  already  mentioned,  tannic  acid  is  used  for  fixing 
fnchsin  and  similar  tar-colours.  By  adjective  colours  or  dyes  is  understood 
such  as  require  an  intermediate  substance  (a  mordant  in  fact)  to  become  fixed  upon 
the  fibre  in  an  insoluble  condition.    These  intermediate  substances  are  termed  mor- 

Monunta.  dauts ;  they  not  only  serve  for  fixing  the  dye  to  the  textile  fibres,  but  also 
produce  in  the  mordanted  goods  such  an  alteration  that  the  parts  of  the  tissue  where 
the  composition  is  applied  appear  white  when  the  goods  are  taken  from  the  dye- 
beck.  The  substances  which  produce  this  efiect  are  technically  termed  dischargers, 
or  discharge  compositions ;  among  them  are  phosphoric,  tartaric,  oxalic,  arsenious 
acids,  &c. ;  but  in  practice  the  goods  are  first  uniformly  dyed,  and  the  discharge  then 
applied  so  as  to  act  only  where  it  is  desired  to  exhibit  a  pattern.  Wliat  are  termed 
resists  are  not  mordants,  but  only  compositions  applied  to  the  woven  fabric  at 
certain  parts  where  it  is  desired  that  no  deposition  of  colour  or  mordant  shall  take 
place.  Mordants  may  modify  the  original  colour  that  a  dye  yields ;  as,  for  instance, 
with  alumina  compounds  madder  yields  red,  pink,  and  scarlet ;  with  salts  of  iron, 
according  to  the  degree  of  concentration,  Ulac,  purple,  black ;  and  brown  with  cer- 
tain salts  of  copper.  For  the  purpose  of  clearing  and  brightening  (avivage),  the 
dyed  or  printed  goods  are  passed  through  solutions  of  either  dilute  acids,  weak 
or  strong  alkalies,  soap-suds,  bran-bath,  solutions  of  bleacliing-powder,  or  also 
of  some  other  dye  material. 

Dyeing  Woollen  Fabriei.  Wool  is  somctimcs  dyed  in  the  fiock  or  fieece,  that  is  to  say, 
when  not  spun  ;  sometimes  in  yam  or  worsted  and  as  a  finished  woven  fabric  (cloth, 
broadcloth,  &c.).  As  there  is  always  some  refuse  wool  in  the  operations  of  weaving, 
fulling,  and  dressing  the  woollen  tissues,  it  is  advantageous  to  dye  wool  in  the  condi 
tion  of  spun  yam.  When  the  dye  intended  to  be  applied  to  wool  is  fast,  the  textile 
fibre  is  first  mordanted.  For  this  purpose  the  woollen  fibre  is  treated  \^dth  a  solution 
of  alum  and  cream  of  tartar  (bitartrate  of  potash) ;  or  with  the  latter  salt  and  tin-salt 
(chloride  of  tin) ;  or,  again,  cream  of  tartar  and  green  vitriol ;  for  certain  colours, 
chloride  of  tin  and  pink  salt  (see  p.  75  )  are  used. 

DydiMi  Wool  Biae.  The  imparting  of  a  blue  colour  to  wool  is  one  of  the  most 
important  operations  of  dyeing  wooUen  goods.  It  is  frequentiy  effected  with  indigo, 
which  produces  the  most  beautiful  and  fast  colours ;  but  indigo  is  used  only  for  the 
better  and  heavier  kinds  of  woollen  fabrics ;  ligliter  tissues — merinos  for  instance — 
are  often  dyed  with  Prussian  blue  (not  a  fast  colour),  while  common  woollen  goods, 
flannels,  &c.,  if  dyed  blue  at  all,  are  dyed  with  logwood  and  blue  vitriol  (sulphate  of 
copper).  In  order  to  ascertain  whether  a  woollen  tissue  has  been  dyed  with  indigo, 
Prussian  blue,  or  copper  salts,  the  following  tests  may  be  employed.  Woollen 
tissue  dyed  with  indigo  does  not  change  its  colour  by  being  boiled  with  caustic 
potash,  or  by  being  moistened  with  concentrated  sulphuric  acid.  Wlien  Prussian  blue 
is  the  dye  used,  the  tissue  becomes  red-coloured  by  being  boiled  with  caustic  potash, 

2  z 
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and  becomes  discoloured  by  being  moistened  with  strong  sulphnric  acid.  Woollen 
goods  dyed  witli  logwood  and  copper  salts  are  reddened  by  being  moistened  with 
dilute  sulphuric  acid,  and  on  being  incinerated,  the  tissne  leaves  an  ash  containing 
copper. 

zndiiro  mac  Woollen  goods  are  most  frequently  dyed  blue  with  indigo  by  means  of  a 
solution  of  white  indigo  (reduced  indigo)  in  an  alkaline  fluid,  the  goods  being  blued 
by  exposure  to  air — that  is  to  say,  by  the  oxidation  of  the  indigo  taken  up  by  the  fibre, 
the  dye  becoming  simultaneously  fixed.  The  principle  of^tliis  mode  of  dyeing  with 
indigo  (technically  known  as  blue  vat),  may  be  elucidated  by  the  following  formula: — 

CieHiaNaOa-f  0  =  deHjoNaOa-f  HaO. 

Bine  Vat*.      The  greatest  consumption  of  indigo  is  in  forming  the  bine  vats,  in  which 

woollen  or  cotton  goods,  more  rarely  linen,  are  dyed  by  simply  immersing  them  in 

the  solution  of  white  indigo.     The  same  vats  are  not  equally  adapted  for  wool 

and  calico,  there  being,  as  will  be  seen  in  the  following  details,  a  wide  difference  in 

their  composition.    According  to  the  general  accounts,  the  lime  and  copperas  vat 

(see  below)  is  not  well  adapted  for  woollen  goods;   still  in  the  most  recently 

published  French  treatise  on  woollen  dyeing,  there  is  no  mention  made  of  any 

other  kind  of  vat ;  the  following  proportions  and  directions  being  given  for  setting 

a  vat   for  dark  blue: — 1200  gallons  of  water;    34  lbs.  of  quick-lime;   22  lbs. 

of  green  copperas;  12  lbs.  of  ground  indigo;  4  quarts  of  caustic  potash  solution  at 

34**  =  sp.  gr.  1*288.     The  indigo  is  ground  very  fine  by  trituration  in  properly 

constructed  mills,  this  being  a  point  of  the  utmost  importance.    In  the  above  recipe 

the  potash  is  mixed  witli  5  gallons  of  water  in  an  iron  pan,  and  the  indigo  added. 

The  mixture  is  gradually  heated  to  ebullition  and  kept  boiling  for  two  hours 

with  uninterrupted  stirring :  this  softens  and  prepares  the  indigo  for  dissolving.  The 

lime  is  wcU  slaked  so  as  to  be  very  fine,  and  is  next  passed  through  a  sieve  in  the 

state  of  milk  of  lime.    It  is  then  mixed  with  tlie  indigo  and  potash ;  the  copperas 

(protosulpliate  of  iron),  previously  dissolved,  is  added  to  the  vat  and  well  stirred; 

then  the  mixture  of  lime,  potash,  and  indigo  is  poured  in,  and  the  whole  well. stirred 

for  half  an  hour.    If  tlie  proportions  are  well  kept,  tlie  vat  will  be  fit  for  working 

in  twelve  hours :  if,  however,  it  looks  blue  under  the  scum,  it  is  a  sign  that  the 

indigo  is  not  wholly  dissolved,  and  more  lime  and  copperas  should  be  added,  and  the 

vat  left  undisturbed  for  another  twelve  liours.    The  vat  is  worked  at  a  temperature 

of  70°  to  80"  F.    This  is  tlie  ordinary  composition  of  a  vat  for  dyeing  cotton,  but  is 

not,  at  least  in  England,  in  use  for  dyeing  woollen  goods. 

The  usual  blue  vats  for  wool  contain  neither  copperas  nor  lime,  or  but  a  small 
quantity  of  the  latter;  as,  for  instance — ^Water,  500  gallons;  indigo,  20  lbs,; 
potash  (carbonate,  pearl-ash).  30  lbs.;  bran,  9  lbs.;  madder,  9  lbs.  The  water 
is  heated  to  just  below  its  boiling-point ;  the  potash,  bran,  and  madder  are  first  put 
into  the  vat,  a  well-made  wooden  tub  of  convenient  size,  and  then  tlie  indigo 
previously  very  finely  ground.  Cold  water  is  added  so  as  to  reduce  the  temperature 
to  90°  F.,  and  tliat  temperature  is  maintained  constantly  by  means  of  a  steam-pipe. 
The  ingredients  are  well  stirred  every  twelve  hours.  Tlie  vat  is  generally  ready  ibr 
use  in  forty-eight  hours  after  setting.  This  vat  does  not  work  longer  than  about 
ft  month,  and  is  somewhat  expensive  on  account  of  the  potash.  Another — the 
fio-ealled  German — vat  is  much  more  manageable,  and  may  be  worked  for  two 
3'ears  without  emptying,  being  fresliened  up  as  required.  It  is  composed  of  the  fol- 
lowiug  ingredients : — 2000  gallons  of  water  are  heated  to  130''  F. ;  and  there  are  added 
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20  lbs.  of  crystals  of  soda  Ccommon  carbonate) ;  2^  pecks  of  bran:  and  12  lbs. 
of  indigo ;  the  mixture  being  well  stirred.  In  twelve  hours  fennentation  sets  in  ; 
bubbles  of  gas  rise;  the  liquid  has  a  sweet  smeU,  and  has  assumed  a  green 
colour.  2  lbs.  of  slaked  lime  are  now  added  and  well  stirred,  the  vat  is  again  heated 
and  covered  up  for  twelve  hours,  when  a  similar  quantity  of  bran,  indigo,  and  soda, 
witli  some  lime,  are  added.  In  about  forty-eight  hours  the  vat  may  be  worked ;  but 
as  the  reducing  powers  of  the  bran  are  somewhat  feeble,  an  addition  of  6  pounds  of 
molasses  is  made.  If  the  fermentation  becomes  too  active,  it  is  repressed  by 
the  addition  of  lime ;  if  too  sluggish,  it  is  stimulated  by  the  addition  of  bran  and 
molasses.  Like  all  the  other  blue  vats  for  wool  it  is  worked  hot.  Another  kind  of 
vat  may  be  called  the  woad  vat,  because  a  considerable  quantity  of  woad  is  added  to 
it,  and  also  madder,  which  in  this  case  acts  simply  by  reason  of  the  saccharine 
matter  it  contains.  The  proportions  are : — Pulverised  indigo,  i  lb. ;  madder,  4  lbs. ; 
slaked  lime,  7  lbs.,  boiled  together  with  water  and  poured  upon  tlie  woad  in  the  vat. 
After  a  few  hours  fermentation  sets  in.  and  fresh  indigo  is  added  according  to  the 
depth  of  colour  required  to  be  dyed.  The  pastel  "vat  is  set  with  a  variety  of  woad 
which  grows  in  France,  and  which  is  richer  in  colouring  matter  than  the  common 
woad.  It  is  possible  tliat  tlie  colouring  matter  of  the  pastel  adds  to  the  efifect ;  but  it 
is  more  likely  that  while  it  furnishes  fermentescible  matters  useful  in  promoting  the 
solution  of  indigo,  it  is  added  as  a  remnant  of  ancient  usage.  Before  indigo  became 
again  known  in  Europe  (the  dye  was  known  to  the  Greeks  and  Romans),  in  Uie  17th 
century,  woad  was  the  general  blue  dye  mjiterial.  The  method  of  dyeing  the  woollen 
fibre  and  fabrics  is  very  simple.  The  wool,  thoroughly  wetted  out,  is  suspended  on 
frames,  and  dipped  in  the  vat  for  an  hour  and  a  half  or  two  hours,  being  agitated  all 
the  time  to  insure  regularity  of  colouring.  The  pieces  are  then  removed,  washed 
in  water,  and  treated  witli  weak  hydrochloric  or  sulphuric  acids  to  remove  the  alkali 
retained.  As  regards  blue  vat  for  cotton  dyeing,  in  some  exceptional  cases  when 
thick  and  heavy  goods  have  to  be  dyed,  the  so-called  German  vat  is  used ;  but 
generally  all  calicos  are  dyed  blue  by  means  Of  tlie  cold  lime  and  copperas  vat.  Tlie 
materials  used  are  lime,  protosulphate  of  iron,  ground  indigo,  and  water.  The 
chemical  action  consists,  in  the  first  instance,  in  the  formation  of  sulphate  of  lime 
and  protoxide  of  iron ;  tlie  latter  substance  having  a  considerable  affinity  for  oxygen^ 
removes  an  atom  of  it  from  the  blue  indigo,  converting  it  into  white,  which  dissolves 
in  the  excess  of  lime,  and  is  ready  for  dyeing.  The  proportions  are  as  follows  v — > 
900  gallons  of  water ;  60  lbs.  of  green  copperas ;  36  lbs.  of  ground  indigo ;  80  to  90 
lbs.  of  slaked  lime,  stirred  every  half  hour  for  three  or  four  hours,  then  left  twelve 
hours  to  settle,  well  raked  up  again,  and  as  soon  as  settled  ready  for  dyeing. 

Saxony  BiM.  As  already  stated,  indigo  dissolves  in  concentrated  sulphuric  add, 
forming  (because  it  is  not  a  solution  in  the  ordinary  sense  of  the  word)  sulphindigotic 
acid,  which  is  employed  in  dyeing  wool  in  the  following  manner ; — First,  i  part  of 
indigo  is  treated  with  4  to  5  parts  of  fuming  sulphuric  aoid ;  next,  this  solution 
is  poured  into  a  vessel  containing  water;  and  into  this  mixture  flock  wool  is 
immersed  for  twenty-four  hours.  After  this  time  the  wool  is  removed  from  the 
vessel  and  drained,  and  transferred  to  a  cauldron  filled  with  water,  to  which  has  been 
added  either  carbonate  of  ammonia,  or  of  soda,  or  of  potash,  and  boiled  for 
some  time.  The  solution  thus  obtained,  technically  known  as  extract  of  indigo 
or  as  indigo  carmine,  is  used  for  dyeing  wool  which  has  been  previously  mordanted, 
with  alum.    There  is  formed  on  the  wool  sulphindigotate  of  alumiiuu 
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^m  Sg^^^  In  order  to  recover  the  indigo  from  scraps  and  rags  of  woollen  and 
other  fabrics  dyed  indigo  blue,  the  materials  are  treated  with  dilute  sulphuric  acid, 
which  is  heated  to  ioo°.  The  wool  is  dissolved,  while  the  indigo  is  left  as  an 
insoluble  sediment.  Military  uniforms  yield  from  2  to  3  per  cent  of  indigo.  The 
acid  solution  is  next  neutralised  with  chalk,  and  a  sulphate  of  lime  is  obtained 
which,  owing  to  the  nitrogenous  matter  intermingled,  may  be  usefully  employed  as  a 
manure. 

^•^^J^wSl"^*"*  Wool  is  dyed  with  the  so-called  Prussian  blue  (ferrocyanide  of 
iron)  by  two  methods,  one  of  which  consists  in  saturating  the  wool  with  a  solution  of 
|i  salt  of  peroxide  of  iron  (generally  the  persulphate,  or  preferably  the  pemitrate), 
after  which  the  wool  is  passed  through  a  solution  of  ferrocyanide  of  potassium 
in  water,  acidulated  with  sulphuric  acid.  The  other  process  producing  so-called  Bleu 
de  France  is  based  upon  the  decomposing  action  which  the  atmosphere  exerts  on  the 
ferro-  and  ferri-cyanhydric  acids.  The  goods  are  immersed  in  a  solution  of  either  the 
ferro-  (yellow)  or  ferri-  (ruby  red)  cyanide  of  potassium  (commonly  yellow  or  red 
prussiate)  in  water,  to  which  are  added  sulphuric  acid  and  alum.  Afterwards  the 
goods  are  aged,  or  exposed  to  the  air  in  rooms  in  which  steam  is  simultaneously 
admitted  to  elevate  the  temperature  and  assist  the  action  of  the  oxygen  of  the  air. 
The  result  is  that  the  ferro-  or  fern-  cyanhydric  acid  is  decomposed,  hydrocyanic 
acid  being  evolved,  while  there  is  deposited  on  the  fibres  of  the  woven  fabric  ferro- 
cyanide of  iron,  Prussian  or  Berlin  blue.  Meitzendorfif  has  recently  invented  a 
method  of  dyeing  this  blue  by  which  a  colour  is  produced  very  similar  to  that 
obtained  by  the  so-called  Saxony  blue.  He  prepares  a  solution  containing  ferro- 
cyanide of  potassium,  chloride  of  tin  (SnCl4),  tartaric  and  oxalic  acids ;  this  solution 
is  heated  and  the  wool  kept  therein  for  some  time.  The  oxalic  acid  dissolves 
the  Prussian  blue,  which  of  course  can  only  act  as  a  dye  when  dissolved,  any 
of  it  left  undissolved  being  lost.    The  tartaric  acid  increases  the  brilliancy  of  the 

colour. 

^'^d^^coSSsJET**^  ^^^  *^^  purpose  logwood  is  boiled  in  the  dye-beck  with 
water,  and  to  the  decoction  are  added  alum,  cream  of  tartar,  and  sulphate  of  copper. 
The  wool  is  boiled  in  this  fluid,  and  is  next  cleared  by  being  boiled  in  a  fluid  con- 
taining logwood,  tinsalt  (protochloride  of  tin),  alum,  and  cream  of  tartar.  The  goods 
dyed  in  this  manner  do  not,  as  is  the  case  with  the  indigo  goods,  become  white  by 
wear.  Instead  of  logwood,  archil  and  cudbear  are  frequently  used  for  so-called  half- 
fast  colours. 

Dyeing  Teitow.  On  the  Continent,  weld,  which  has  become  quite  obsolete  for  dyeing 
yellow  on  wool  in  the  United  Kingdom,  having  been  entirely  superseded  by 
quercitron  bark,  is  still  used  for  producing  a  yellow  dye,  on  account  of  the  fact  that 
weld,  when  brought  into  contact  with  an  alkali,  becomes  less  red-coloured  than  is 
the  case  with  the  other  yellow  dyes. 

In  dyeing  with  weld  its  colouring  matter  is  extracted  by  water,  and  the  decoction 
added  to  the  goods  intended  to  be  dyed.  With  alum  it  dyes  a  very  fine  clear  yellow, 
tolerably  permanent  in  soap,  but  not  resisting  air  and  light.  Weld  has  not  more  than 
one-fourth  the  tinctorial  power  of  quercitron  bark,  and  on  this  account,  as  well  as  on 
that  of  its  great  bulk  relative  to  its  weight,  it  is  not  used  in  this  country.  Fustic, 
yellow- wood,  is  very  extensively  employed  in  dyeing,  and  is  the  most  suitable  yellow 
matter  for  working  with  other  colours  in  compound  shades.  With  aluminous 
mordants  it  gives  yellow  of  an  orange  shade ;  with  iron  mordants  it  gives  drabs. 
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greys,  and  olive.  As  a  yellow  colouring  matter  it  is  considered  to  be  of  far  less 
power  than  quercitron  bark  weight  for  weight,  while  it  is  also  inferior  in  purity  of 
colour ;  but  as  fustic  withstands  the  action  of  acids  and  acid  salts  better  than  bark, 
it  is  used  in  greens,  blacks,  and  mixed  colours  where  yellow  is  required.  Young  or 
French  fustic  (also  known  as  Venice  sumac)  is  used  for  imparting  yellow  to  merinos. 
A  golden  yellow  is  produced  upon  wool  with  either  picric  acid  or  Manchester 
yellow. 

Dyeing  Wool  bml  Madder  is  the  chief  colouring  matter  employed  for  imparting  to 
wool  a  red  or  scarlet  colour.  The  process  of  dyeing  wool  with  madder  consists  in 
mordanting  the  woollen  tissue,  fibre,  or  yam,  and  in  immersing  it  in  the  dye-beck 
containing  madder  with  water.  The  wool  is  mordanted  by  being  immersed  in  a 
warm  solution  of  alum  and  cream  of  tartar.  The  dyeing  is  effected  by  placing  the 
mordanted  goods  in  the  dye-beck  or  madder-bath,  the  quantity  of  madder  being 
equal  to  half  the  weight  of  the  woollen  goods.  In  practice  the  goods  are,  of  course, 
slowly  moved  into,  through,  and  out  of  the  dye-beck,  proper  mechanism  being 
provided  for  this  purpose.  After  having  been  dyed,  the  goods  are  thoroughly 
washed,  so  as  to  remove  excess  of  dye  as  well  as  any  mechanically  adhering 
particles  of  madder.  Dyeing  red  with  cochineal  is  effected  upon  wool  in  the  same 
manner  as  with  madder.  Scarlet  is  red  with  a  yellowish  hue,  while  a  peculiar  hue  of 
red  is  termed  crimson,  often  produced  by  cochineal.  Woollen  fabrics  are  mordanted 
in  a  mixture  of  water,  cocliineal,  cream  of  tartar,  and  tinsalt,  and  next  dyed 
by  boiling  with  more  cochineal  and  tinsalt.  Wool  is  very  readily  dyed  with  all  the 
tar-colours  (red,  blue,  green,  grey,  yellow,  brown,  violet),  the  affinity  of  wool  for 
these  colours  being  so  great,  that  the  solution  of  any  of  these  pigments  may  be  com- 
pletely deprived  of  its  colouring  matter  by  contact  with  wool. 

onen  Dy«s.  Grecu  dycs  are  usually  obtained  by  combining  blue  and  yellow.  Wool 
is  first  dyed  blue,  and  having  then  been  mordanted  with  cream  of  tartar  and  alum,  is 
dyed  with  fustic,  or,  on  the  Continent,  with  weld.  The  green  cloth  used  for  covering 
billiard-tables  and  other  furniture  is  dyed  in  the  following  manner : — A  weak  decoc- 
tion of  fustic  is  prepared,  and  into  this  some  Saxony  blue  is  poured,  while  there  is 
next  added  alum  and  cream  of  tartar.  The  woollen  fabric  is  immersed  in  the  bath 
and  boiled  for  two  hours.  It  is  next  thoroughly  washed  and  brightened  by  being 
again  immersed  in  a  dye-beck  filled  with  a  fresh  fustic  decoction,  to  which  a  smaller 
quantity  of  Saxony  blue  has  been  added.  All  kinds  of  woollen  tissues,  worsted,  half- 
wool,  alpacas,  delaines,  &c.,  may  be  dyed  green  by  means  of  lo-kao  (Chinese  green), 
and  iodine  green. 

MixtdsbMOm.  Mixed  shades  are  produced  on  the  fabrics  by  means  of  cochineal, 
madder,  French  fustic,  fustic,  in  a  manner  similar  to  that  used  for  dyeing  green. 

Bi«ek  Dycf.  Excepting  only  aniline  black,  all  black  dyes  may  be  considered  as  combi- 
nations of  iron  with  tannic  or  gallic  acid ;  but  the  best  and  fastest  blacks  on  broadcloth 
are  such  as  have  as  a  first  dye  either  madder  or  indigo.  The  woollen  goods  are  mor- 
danted with  sulphate  of  iron  (green  copperas)  and  dyed  by  immersion  in  a  decoction  of 
logwood,  galls,  stmiac,  &o.  The  so-called  S6dan  black  (this  town  is  celebrated  for  its 
cloth  manufacture)  is  produced  by  dyeing  the  cloth  blue  with  woad,  when  after 
careful  washing  the  doth  is  placed  in  a  dye-beck  containing  water,  sumac,  and  log- 
wood, and  is  boiled  for  some  three  hours,  after  which  sulphate  of  iron  in  a  solution 
of  known  strength  is  added.  This  operation  is  repeated  until  the  cloth  has  assumed 
an  intensely  black  cobur.    Half-fast  black  colours  are  produced  on  cloth  by  dyeing 
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them  blue  with  Prussian  blae,  after  which  the  operation  just  described  is  gone 
through.  Common  black  is  produced  by  dyeing  with  log^vood,  sumac,  some  fustic, 
and  a  mixture  of  green  and  blue  vitriol.  Chromium  black,  invented  by  Leykauf  at 
Nuremberg,  is  obtained  in  the  following  manner: — The  cloth  is  mordanted  with  a 
solution  of  bichromate  of  potash  and  cream  of  tartar,  after  which  it  is  dyed  in  a 
decoction  of  logwood.  The  so-called  pyrolignite  of  iron  (crude  acetate  of  iron 
prepared  from  scraps  of  old  iron  and  crude  acetic  acid)  is  now  very  generally  used  as 
a  mordant  instead  of  the  green  copperas.  This  acetate,  also  known  as  black  or  iron 
liquor,  is  prepared  on  the  large  scale  and  sold  as  a  liquid  at  a  sp.  gr.  of  i  09  to  1*14. 

White  Cloth.  This  cloth,  in  use  especially  for  military  uniforms,  is  obtained  by  first 
thoroughly  washing,  fulling,  and  carefully  sulphuring  the  cloth,  which  is  next 
passed  through  a  bath  containing  chalk  and  a  small  quantity  of  size,  after  which 
it  is  dried,  beaten,  and  well  brushed. 

Silk  Dyeing.  Silk  is  usually  dyed  in  skeins  unspun,  but  having  been  first  decorti- 
cated, that  is  to  say,  deprived  of  the  layer  of  gummy  matter  which  forms  the  outer 
covering  of  cocoon  silk.  It  is  then  scoured,  bleached,  and  sulphured ;  the  latter  only 
when  the  silk  is  to  be  dyed  with  very  bright  colours  and  delicate  light  hues.  Silk  is 
dyed  in  cold  dye  solutions.    It  is  dyed  black  by  any  of  the  following  processes : — 

1.  Logwood  and  iron  mordant ; 

2.  Logwood  and  bichromate  of  potash  ; 

3.  Galls  and  other  substances  containing  tannic  acid  with  iron  salts  as  mordant; 

4.  With  aniline  black,  according  to  the  recipes  of  Persoz,  jun.,  and  others,  by  the 

use  of  chromate  of  copper  and  oxalate  of  aniline. 

The  first  and  second  are  simply  known  as  ordinary  blacks,  while  the  third  is 
known  as  fast  black.  The  ordinary  black  is  obtained  by  simply  mordanting  the  silk 
with  nitrate  of  iron,  and  then  dyeing  it  in  a  decoction  of  log^'ood.  This  cheap  dye 
is  more  particularly  apphed  to  light  silken  fabrics.  The  colour  is  reddened  even  by 
weak  acids,  such  as  lemon  and  orange  and  other  fruit  juices.  The  fast  black  is  far 
more  expensive,  but  it  is  not  affected  by  weak  acids,  while  it  affords  the  additional 
advantage  of  largely  increasing  the  weight  of  the  silk  (in  raw  state  as  well  as  in  spun- 
yarn  silk  is  sold  and  bought  by  weight),  as  this  textile  fibre  absorbs  from  60  to  80, 
and  even  100  times  its  own  weight,  and  silk  used  for  shoe-laces  even  225  per  cent  of 
the  dye  material.  When  desired  the  silk-dyer  has  to  return  for  100  lbs.  of  raw  silk 
from  160  to  180  or  200  lbs.  weighted  black-dyed  silk.  In  Germany  an  indigenous 
gall,  locally  known  as  Knoppern,  French  avllandes,  containing  some  30  to  50  percent 
of  tannic  acid,  is  used  in  tlie  extract  to  dye  silk  black.  In  England  nut-galls 
imported  from  the  Levant  are  employed  for  this  purpose.  Although  the  increase  in 
weight  of  the  silk  by  black  dyeing  is  advantageous  to  the  dealers,  the  deposition  of 
80  much  foreign  matter  in  the  fibre  of  the  silk  not  only  injures  its  wearing  qualities, 
but  also  gives  rise  to  the  disagreeableness  of  the  dyeing  coming  off  while  the  mate- 
rial is  being  worn.  Microscopic  research  has  proved  that  the  dye  adheres  very 
loosely  to  the  silk.  The  process  of  dyeing  silk  black  with  galls  is  very  simple.  The 
fibre  is  first  steeped  in  a  solution,  or  rather  infnsio-decoction,  of  galls,  technically 
known  as  "  galling,*'  after  which  the  silk  is  placed  in  a  solution  of  nitrate  of  iron. 
This  black  is  sometimes  dyed  on  silk  previously  dyed  with  Prussian  blue,  but  £ur 
more  frequently  a  bluish  shade  is  given  to  black  by  first  dyeing  the  silk  with  log- 
wood, copperas,  and  some  sulphate  of  copper. 

Aa  regards  the  weighting  of  the  silk,  it  is  essentially  due  to  the  fact  that  silk,  as 
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an  animal  product,  has  the  property  of  combining  with  tannic  acid  and  thereby 
becoming  heavier.  The  larger,  therefore,  the  quantity  of  tannic  acid  contained  in 
the  dye-bath,  or  the  oftener  the  galling  of  the  silk  is  repeated,  the  heavier  the  fibre 
will  become  within  certain  limits.  It  is  not  quite  indifferent  whether  a  per-sttlt  or  a 
protO'Salt  of  iron  be  employed,  the  former  being  preferable.  Tlie  previously  galled 
silk  becomes,  when  passed  through  a  solution  of  a  per-salt  of  iron,  at  once  coloured 
black :  but  when  it  is  passed  through  a  solution  of  a  proto-salt  of  the  same  metal,  the 
silk  becomes  at  first  coloured  only  black- violet,  and  gradually  deep  black  by  exposure 
to  air.  Although  in  every  case  the  result  is  the  same,  the  use  of  a  per-salt  is  advan> 
tageous,  and  becomes  necessary  with  a  small  quantity  of  tannic  acid,  while  for  a 
heavy  weighting  of  the  silk,  the  proto-salt  of  iron  only  can  be  employed.  It  is  stated 
that  the  dyeing  of  silk  with  aniline  black  by  means  of  chromate  of  copper  and  oxalate 
of  aniline  yields  excellent  results.  Silk  is  dyed  blue  either  with  indigo,  Berlin  blue,, 
logwood,  or  aniline  blue.  The  indigo  vat  has  not  been  much  used  for  imparting  a  blue 
colour  to  silk  since  the  discovery  of  fixing  Prussian  blue  upon  silk ;  and  if  indigo- 
is  used  at  all  it  is  as  indigo  carmine,  or  tlie  so-called  distilled  blue,  puiified  sulphin- 
digotic  acid.  In  order  to  dye  silk  with  Prussian  blue,  it  is  first  immersed  in  a. 
solution  of  nitrate  of  iron.  This  salt  is  generally  in  use  in  England,  while  m  France 
a  persulphate  of  iron  made  by  dissolving  green  copperas  in  nitric  acid  i»  employed,, 
and  known  under  the  name  of  Raymond's  solution,  the  blue  produced  being  termed 
Raymond's  blue;  Napoleon  blue  is  produced  by  the  addition  of  a  tinsalt  to  the  iron 
bath,  followed  by  treatinent  with  a  solution  of  ferrocyanide  of  potassium  acidulated 
with  sulphuric  acid.  The  latter  blue,  more  brilliant  than  the  former,  is  usually^ 
prepared  in  England,  a  tinsalt  being  invariably  added  to  the  iron  mordant.^  The 
mordanted  silk  is  next  passed  tlirough  a  boiling  soap-solution,  then  washed,  and  next 
steeped  in  a  solution  of  ferrocyanide  of  potassium  acidulated  with  hydrochloric  acid. 
The  brilliancy  of  the  dyed  silk  is  greatly  enhanced  by  passing  it  through  water  con- 
taining ammonia.  Dyeing  silk  with  aniline  or  naphtlialine  blue  is  a  very  simple 
process,  it  being  only  necessary  to  put  the  silk  into  a  solution  of  the  dycs» 
the  solvent  being  alcohol  or  wood-spirit,  or  in  the  case  of  soluble  aniline  blue, 
water.  The  silk  is  left  in  tlie  solution  until  it  has  assumed  the  desired  hue.  Until 
the  discovery  of  fuchsin,  silk  was  always  dyed  red  and  pink  by  means  of  cochineal,, 
safflower  (carthamine),  and  arcliil;  but  now  silk  is  generally  dyed  with  fuchsin, 
coralline,  and  Magdala  red  (naphthaline  red).  The  process  is  as  simple  as  that 
just  described  for  aniline  blue.  Aniline  red  is  the  brightest,  purest,  and  deepest  of 
all  red  dyes  for  silk,  but  it  is  not  so  fast  as  Magdala  red.  Archil  is  still  largely  used, 
but  aniline  violet  or  mauve  is  in  close  competition  with  it.  Yellow  is  produced  upon 
silk  by  first  mordanting  with  alum  and  dyeing  in  a  decoction  of  weld,  to  which,  if  it 
be  desired  to  impart  an  orange  hue,  some  annatto  is  added,  or,  preferably,  Man- 
chester yellow.  By  cautious  treatment  with  nitric  acid  silk  may  be  dyed  yellow, 
some  xanthroproteic  acid  being  formed,  while  without  any  mordant  picric  acid  pro- 
duces a  bright  lemon-yellow  on  silk,  the  colour  becoming  deeper  by  treatment  with 
alkalies.  Ordinary  green  is  produced  upon  silk  by  dyeing  it  yellow  by  means 
of  either  weld,  quercitron,  fustic,  or  picric  acid,  and  then  dyeing  it  blue  with  indigo- 
carmine,  aniline  blue,  or  sulphindigotic  acid.  Fast  green  is  obtained  by  dyeing  the 
silk  blue  with  Bleu  Raymond,  and  next  treating  it  with  fustic.  During  the  last  few 
years  aniline  green  (emeraldine)  has  been  generally  used  for  dyeing  silk  green.  Lilac 
is  produced  upon  silk  by  means  of  aniline  violet,  archil,  or  logwood  and  tinsalt. 
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OftUeo  Dyeinff.  Cotton  is  dyed  either  in  yam  or  woven  fabiic,  bnt  more  generally  as 
ftan.  Cotton  is  far  more  difficnlt  to  dye  than  wool,  and  requires,  especially  for 
obtaining  fast  colours,  stronger  mordants.  BJue  is  produced  upon  cotton  (calico  it 
is  termed  in  fabric)  by  means  of  tlie  copperas- vat  (see  Indigo) ;  further  by  Berlin  or 
Prussian  blue,  logwood,  and  green  copperas ;  and  finally  by  being  passed  through  a 
solution  of  oxide  of  copper  in  ammonia ;  the  fibre,  yarn,  or  tissue  exhibiting  after 
drying  a  beautiful  bright  blue  colour.  Yellow  is  produced  with  Avignon  berries, 
weld,  fustic,  quercitron,  annatto,  acetate  of  iron  (nankeen),  and  chrome-yellow. 
Green  is  obtained  by  the  copperas-vat  followed  by  dyeing  with  fustic.  Brown  is 
produced  with  a  salt  of  iron  and  with  quercitron  or  madder,  or  simply  by  means  of 
hydrated  oxide  of  manganese.  Black  is  either  fast,  aniline  black,  or  is  produced  by 
dyeing  blue  by  the  aid  of  the  copperas- vat,  next  mordanting  with  acetate  of  iron,  and 
then  dyeing  in  a  bath  consisting  of  galls  and  logwood.  The  aniline  colours  can  be 
fixed  npon  cotton  only  by  the  aid  of  a  specific  mordant — a  solution  of  taimin  in 
alcohol ;  or  the  fibre  of  cotton  is  first  animalised,  as  it  is  termed ;  that  is  to  say, 
impregnated  with  either  albumen  or  casein,  the  fibre  being  to  a  certain  extent  made 
similar  to  that  of  wool  or  silk  and  rendered  absorbent  of  aniline  dyes.  Cotton  may 
be  mordanted  with  Gallipoli  oil,  or  with  soft-soap  for  certain  dyes. 

As  regards  dyeing  cotton  and  calicos  red.  madder  is  the  chief  dye  material,  while 
probably  at  no  distant  period  artificial  alizarine  from  anthracen  will  become  an  important 
material.  We  distinguish  between  ordinary  red  and  Turkey,  sometimes  termed 
Andrinople  red  ;  the  former  is  produced  upon  cotton  goods  mordanted  with  acetate 
of  alumina  (commonly  called  red  liquor  or  red  mordant) ;  the  latter  is  obtained  by 
complicated  manipulation,  the  rationale  of  which  is  not  quite  elucidated  by  science. 

Tniuy  Bad.  This  bcautiful  and  very  fast  red,  improved  by  washing,  is  produced  by 
the  following  distinct  operations : — The  well-bleached  cotton  goods  are  first  padded 
in  a  mixture  of  Gallipoli  oil  and  pearl-ash  containing  about  200  lbs.  of  oil,  40  lbs.  of 
pearl-ash,  and  100  gallons  of  water,  a  quantity  sufficient  for  about  4000  yards  of 
calico.  The  pieces  are  next  exposed  to  air  in  sununer  and  to  the  heat  of  a  stove  in 
cold  weather  for  twenty -four  hours  ;  then  padded  again  in  a  mixture  of  oil,  potash, 
and  water,  and  again  dried  and  exposed,  and  so  on  for  as  many  as  eight  different 
treatments  for  dark  colours,  ^he  excess  of  oil,  or  ratlier  that  which  has  not  suffered 
change  by  oxidation,  and  the  alkali  are  now  removed  by  steeping  in  an  alkaline  fluid, 
and  the  pieces  well  washed.  The  next  process  is  the  galling  and  aluming ;  60  lbs. 
of  ground  nut-galls  are  exhausted  with  hot  water,  and  to  this  liquor  are  next  added 
120  lbs.  of  alum  and  10  lbs.  of  acetate  of  lead,  after  which  the  liquor  is  made  up  to 
120  gallons.  The  pieces  are  padded  in  Uiis  liquor,  dried,  and  aged  three  days,  then 
fixed  by  passing  in  warm  water  containing  ground  chalk,  being  next  washed  and 
dyed  in  madder  mixed  with  a  little  sumac  and  with  blood.  For  dark  shades  of 
colour  tlie  fabrics  undergo  another  galling  and  aluming  after  dyeing,  and  are  then 
aged,  fixed,  and  dyed  a  second  time.  After  this  last  operation  the  goods  exhibit  a 
very  heavy  brown-red  colour,  and  they  are  brightened  by  two  or  three  soapings  or  a 
passage  in  dilute  nitric  acid.  In  other  processes  sheeps'  and  cows*  dung  are  mixed 
with  the  oil  and  other  modifications  introduced.  Garancine  is  largely  used  in  Turkey- 
red  dyeing.  By  its  uso  the  operations  of  clearing  and  brightening  {avivage)  have 
been  much  shortened.  All  that  has  been  suggested  as  regards  the  rationale  of  the 
Turkey-red  dyeing  process,  and  more  especially  as  regards  the  action  of  the  Gallipoli 
oH  (kuile  toumante,  an  inferior  kind  of  olive  oil  which,  when  mixed  with  a  weak 
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solution  of  pearl-ash,  should,  if  of  proper  quality,  form  a  perfect  emulsion,  which,  after 
twenty-four  hours'  standing,  should  not  exhibit  any  globules  of  oil  floating  on  the 
surface),  is  not  sufficiently  substantiated  to  afford  a  secure  basis  for  further  reasoning. 
nyeiiHr  Lin«&.  Linen  is  dyed  by  processes  similar  to  those  in  use  for  cotton,  but  owing 
to  the  peculiar  structure  of  the  flax  fibre,  its  affinity  for  dyes  is  much  lower  than  that 
of  cotton. 

The  Printing  op  Woven  Fabrics. 

*****%briclf°^*"  This  very  important  branch  of  the  dyer's  art  aims  at  producing 
coloured  patterns  upon  calico,  linen,  and  woollen  and  silk  tissues.  Calico  printing  is 
the  most  important  portion  of  this  industry,  which  is  based  upon  the  same  principles 
as  dyeing,  but  is  in  the  practical  execution  far  more  difficult,  partly  because  the 
colours  have  to  be  applied  to  certain  portions  only  of  the  fabric,  while  others  either 
remain  colourless  or  are  discharged,  partly  also  because  it  frequently  happens  that 
many  colours  have  to  be  applied  close  to  each  other.  The  colours  employed  in  calico 
printing  are  of  two  different  kinds ;  first,  such  as  are  directly  applied  to  the  cloth  by 
the  aid  of  blocks  or  plates  upon  which  the  patterns  and  designs  to  be  produced  upon 
the  calico  are  engraved — to  the  colours  thus  applicable  belong,  also,  tlie  ochres, 
Berlin  blue,  madder-lake,  indigo,  cochineal,  and  most  of  the  tar  colours ;  secondly, 
the  other  kind  of  colours  are  such  as  are  produced  by  immersing  the  calico  printed 
with  various  mordants  in  dye-baths — madder,  cochineal,  logwood,  weld,  sumac,  cutch, 
&c.,  belong  to  this  category. 

There  exist  various  metliods  of  printing,  of  which  the  following  are  the  chief : — 

1.  From  the  thickened  and  mordanted  colours. 

2.  The  thickened  mordant  only  is  applied  by  means  of  engraved  copper  cylin- 

ders to  the  cloth,  which,  after  the  mordant  has  been  thoroughly  fixed,  is  put 
into  the  dye-beck. 

3.  The  entire  piece  of  cloth  is  either  mordanted  or  a  colour  is  printed,  while  to 

such  portions  of  the  cloth  as  are  to  remain  white  or  are  intended  to  be 
afterwards  of  another  colour  or  colours,  or  pattern,  a  resist  is  applied, 
sometimes  printed  from  blocks,  or  more  frequently  from  cylinders,  the  effect 
being  that  on  the  portions  of  the  cloth  thus  protected  the  dye  does  not 
become  fixed. 

4.  Coloured  patterns  may  be,  and  in  practice  are,  largely  produced  by  first 

dyeing  the  mordanted  cloth   (calico  nearly  always  requires  a  mordant) 

uniformly  with  one  colour,  and  removing  this  colour  in  certain  portions 

of  the  cloth  by  what  are  technically  termed  discharges,  that  is  to  say, 

chemicals  which  destroy  the  dye. 

In  order  to  fix  certain  kinds  of  colours  they  have  to  be  submitted  to  the  action  of 

steam  (steam  colours) ;  while  such  inorganic  substances  as  ultramarine,  emerald 

green,  &c.,  or  among  the  semi-organic,  the  lakes  of  madder  for  instance — which  are 

applied  mechanically  by  the  aid  of  albumen,  caseine,  gluten,  and  also  require  for 

fixing  the  aid  of  steam — are  technically  termed  surface-printed  colours. 

Moinuau.  The  mordants  employed  in  calico  printing  are  chiefly  such  salts  as  are 
comparatively  loose  combinations  of  acid  and  base,  so  that  the  latter  can  readily  unite 
with  the  fibre.  Among  the  mordants  chiefly  used  the  acetates  of  alumina  (see  p.  263) 
and  iron  occupy  a  first  place,  while  alum  or  a  solution  of  aluminate  of  soda  is  more 
rarely  used.    Acetate  of  lead  is  the  mordant  for  producing  chromate  of  lead ;  various 
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combinations  of  tin  (see  p.  75)  are  also  employed  as  mordants.  Tlie  application  of  a 
mixture  of  caseine  and  lime  has  been  recently  proposed  as  a  mordant;  for  this 
purpose  caseine,  technically  known  in  England  as  lactarine,  and  prepared  from  milk 
(of  which  it  is  the  curd)»  is  dissolved  in  dilute  caustic  ammonia,  and  the  solution  thus 
obtained  is  mixed  with  freshly  prepared  milk  of  lime.  The  caseine-lime  mixture  is 
used  for  steeping  tlie  cloUi  intended  to  be  dyed :  the  caseine-lime  becomes  insoluble 
by  the  application  of  heat,  after  which  the  fabric  is  so  thoroughly  mordanted  that  it 
resists  washing  with  alkaline  fluids.  In  order  to  prevent  the  stifihess  of  the  cloth 
when  the  caseine-lime  is  used  as  a  mordant,  it  has  been  suggested  to  mix  the  fluid, 
previous  to  its  application  to  the  woven  fubrio,  with  some  Gallipoli  oil ;  the  calicos 
to  which  this  mordant  is  applied  behave  as  regards  the  dyes  like  wool,  and  readily 
take  the  same  colours.  Cheese,  which  does  not  contain  too  much  fat,  or  skim- milk 
cheese,  when  digested  with  ammonia,  produces  a  solution  which  can  be  used  instead 
of  caseine.  Tannic  acid,  albumen,  dried  white  of  eggs  re-dissolved  in  water,  and 
vegetable  gluten  are  used  as  mordants  in  calico  printing. 

ThSdMningt.  lu  Order  to  give  the  colours  or  mordants  used  in  printing,  either  by 
block  or  cylinder,  a  sufficient  consistency,  they  are  mixed  with  what  are  technically 
known  as  thickenings.  As  such  are  used: — Senegal  gum,  tragacanth,  leiocome, 
British  gum,  dextrine,  salep,  flour,  gluten,  pipe-clay  with  gum,  glue  and  size,  sulphate 
of  lead,  sugar,  molasses,  glycerine,  starch,  sometimes  chloride  and  nitrate  of  zinc. 
The  purity  of  the  colours  and  mordants  depends  in  a  great  measure  upon  the  quality 
of  the  thickenings.  British  gum,  prepared  from  starch,  is  most  frequently  used.  As 
regards  the  selection  of  the  thickening,  it  should  be  borne  in  mind  that  very  acid 
mordants  cannot  be  mixed  witli  starch,  because  it  loses  its  consistency  with  acids ; 
while  again,  some  metallic  preparations — ^for  instance,  basic  or  sub-acetate  of  lead, 
solutions  of  tin,  nitrate  of  iron,  and  of  copper — cause  gum  to  coagulate,  and  hence  gum 
should  not  be  used  as  a  thickening  with  these  substances. 

B«tota,oriUMrTM.  As  already  stated,  there  is  used  in  calico  printing  a  composition 
whicli,  on  being  applied  to  the  cloth,  prevents  the  deposition  or  fixing  of  colour  to 
the  portions  of  the  cloth  where  the  resist  composition  is  placed,  the  result  being 
that  these  portions  are  left  white.  Most  frequently  the  resist  is  employed  with  the 
view  of  preventing  the  fixation  of  indigo  to  certain  portions  of  the  cloth,  so  that  it 
remains  white  where  the  resist  has  been  applied.  The  resists  are  composed  of  pasty 
exdpients,  such  as  pipe-clay,  fat,  oil,  sulphate  of  lead,  to  which  are  added  and  with 
which  are  incorporated  substances  which  readily  yield  oxygen,  for  instance,  sulphate, 
nitrate,  and  acetate  of  copper,  or  a  mixture  of  red  prussiate  of  potash  (ferricyanide  of 
potassium),  and  caustic  soda  solution.  In  some  instances  resistB  are  composed  so 
that  they  act  as  a  mordant  (alumina  or  iron  mordants)  for  other  dyes,  the  portions  of 
the  cloth  protected  by  the  resist  from  contact  with  indigo,  and  left  white,  being  dyed 
by  immersion  in  a  dye-beck  containing  another  dye-stjifl',  which  may  be  madder  or 
quercitron  bark.  Tliis  kind  of  printing  is  sometimes  termed  lapU^  in  consequence  of 
the  remote  similarity  which  some  of  these  patterns  bear  to  lapis  Uuuli.  The  so- 
called  white  resist  for  cylinder  printing  consists,  as  an  example,  of  acetate  or 
sulphate  of  copper,  acetate  of  lead  thickened  with  gum,  or  dextrine  solution.  This 
composition  having  been  printed  by  means  of  the  cylinders,  the  pieces  are  the  next 
day  put  into  the  indigo- vat  and  kept  there  until  the  desired  depth  of  colour  has  been 
obtained,  after  which  they  are  passed  through  a  bath  containing  dilute  sulphuxie 
add  until  the  places  where  the  resist  has  been  applied  have  become  white.    The 
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rationale  of  this  process  is  the  following : — ^As  soon  as  the  reduced  indigo  (white 
indigo)  in  the  rat  comes  in  contact  with  the  oxide  of  copper,  it  is  converted  at  the 
expense  of  the  oxygen  of  the  oxide  into  blue  indigo,  which  is  precipitated  in  insoluble 
state  on  the  resist.  By  tlie  treatment  with  dilute  sulphuric  acid  the  hydrated  sub- 
oxide (red  oxide)  of  copper  is  dissolved,  and  with  it  the  indigo  blue  washed  out. 

Instead  of  the  salts  of  copper  white  resists  are  used,  and  composed  of  bichloride  of 
mercury  and  sulphate  of  zinc ;  the  former  acts  in  a  manner  similar  to  the  salts  of 
copper,  while  the  latter  enters  into  an  insoluble  combination  with  the  reduced  (white) 
indigo,  which  is  precipitated  where  the  resist  has  been  applied. 

DiMiMrsM.  Discharges  are  for  the  purpose  of  producing  by  chemical  means  white 
patterns  on  certain  parts  of  the  dyed  cloth.  This  end  may  be  attained  by  dissolving 
a  previously  applied  mordant  or — as  is  the  most  usual  method — by  destroying  or 
discharging  the  dye  which  has  been  distributed  over  the  whole  surface  of  the  cloth. 
As  regards  the  first  method,  certain  acids — phosphoric,  arsenic,  lactic,  oxalic,  hydro- 
fluosilicic  acids — are  made  to  combine  with  the  base  contained  in  the  mordant; 
while  for  the  purpose  of  discharging  the  previously  applied  colour,  there  are 
used  such  substances  as  bleaching-powder,  chromic  acid,  a  mixture  of  red  prus- 
mate  of  potash  and  caustic  soda-ley,  permanganate  of  potash,  a  paste  composed 
of  bromine  mixed  with  water  and  pipe-clay,  nitric  acid,  &c.  All  these  agents  have 
an  oxidising  effect,  whereas  protocliloride  of  tin  and  protosulphate  of  iron,  also  used 
for  this  purpose,  acting  by  absorbing  oxygen,  are  reducing  substances.    Among  the 

AddDfaehaxgM.  acids,  tartaric  acid  is  generally  used  for  the  purpose  of  discharging 
alumina  and  oxide  of  iron  employed  as  mordants ;  sometimes  this  acid  is  mixed  with 
bisulphate  of  soda.  A  piece  of  cloth  dyed  red  or  blue,  to  which  is  in  certain  parts 
Implied  a  mixture  of  tartaric  acid,  pipe-clay,  and  gum  (the  latter  as  thickening 
to  give  consistency),  becomes  immediately  bleached  when  the  cloth  so  prepared  is 
immersed  in  a  solution  of  bleaching-powder. 

^^^^DfaStuiM!.^  ^  Of  late  fluoride  of  potassium  has  been  used  as  a  discharge  for 
Berlin  blue.  The  discharging  of  indigo  blue  by  oxidising  agents  is  due  to  the  for- 
mation of  isatine  from  the  indigo  blue,  the  former  being  soluble,  the  latter  insoluble 
in  water,  so  that  the  soluble  substance  can  be  removed  by  washing : — 

C,6HxoNaOa+20  =  Ci6HioNa04. 

> ^ p  , " 

Indigo  blue.  Isatine. 

Indigo  is  discharged  by  chromic  acid,  employed  in  practice  as  bichromate  of 
potash,  the  acid  being  reduced  while  giving  off  oxygen  to  chromic  oxide.  More 
recently  Mercer  has  proposed  to  bleach  goods  dyed  with  indigo  by  the  application  of 
a  mixture  of  potash  and  ferricyanide  of  potassium ;  for  this  purpose  the  indigo-dyed 
doth  is  soaked  in  a  solution  of  red  prussiate  of  potash,  and  then  caustic 
potash  thickened  with  British  gxmi  is  printed  on.  The  potash  converts  the 
ferric3ranide  into  ferrocyanide,  and  by  the  oxygen  thus  set  free  the  indigo  blue  is 
coverted  into  isatine : — 
Ferricyanide  of  potassium,  4K3FeCy6]  I  Ferrocyanide  of  potassium, 4K4FeCy«, 

^T^'^r^^t?^^  yield.  Isatine,  C,6HxX042Ha0.^^ 

Indigo  blue,  OxeHxcN^Oa  J  \  »*»!»-»♦-. 

"^^rirfiwS*"*  Protochloride  of  tin,  known  as  crystals  of  tin  and  as  tinsalt,  is  tiie 
most  important  of  the  reducing  agenU  applied  to  goods  dyed  with  oxide  of  iron. 
When  the  protochloride  is  placed  in  contact  with  oxide  of  iron,  the  result  is  the  to- 
mation   of  readOy  soluble   protochloride,   which  is  removed  by  washing,  mbSStk 
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BuntQtaneotiBly  there  is  deposited  on  the  fibres  of  the  cloth  stannic  acid  (more  cor- 
rectly proto-peroxide  of  tin),  which  may  serve  as  a  mordant  for  red  and  yellow  dyes, 
ctjieo  PrintJag.      Calicos  may  be  printed  by : — 

1.  Dyeing  in  the  dye-beck. 

2.  By  block  or  cylinder  printing  (topical  colour-printing). 

3.  By  resist  or  discharge  printing. 

In  the  process  of  dyeing  in  the  dye-beck  (madder  style)  the  thickened  mor- 
dant, to  which  usually  some  faint  colouring  matter  is  added  for  the  purpose  of 
recognition  (the  reader  should  bear  in  mind  that  the  mordants  are  colourless, 
or  at  least  nearly  so),  the  pattern  produced  on  the  white  calico  is  imprinted 
by  the  aid  either  of  blocks  or  cylinders,  upon  which  the  desired  pattern  ia 
engraved. 

The  process  of  block  printing  takes  place  upon  a  table  over  which  a  piece  of  thick 
woollen  cloth  is  stretched.  The  calico  to  be  printed  is  laid  on  this  cloth,  and  by  the 
aid  of  blocks  the  mordant  is  transferred  to  the  calico.  The  blocks,  made  of  pear-tree 
wood,  box- wood,  or  fir- wood,  have  the  pattern  engraved  en  relief  ,  or  wrought  by  means 
of  brass  wires  fastened  in  the  wood  in  such  a  manner  as  to  form  a  certain  figure.  The 
former  blocks  are  called  engraved,  the  latter  dotted  or  stippled  blocks,  while  in  some 
oases  the  two  methods  are  used  simultaneously.  In  order  to  distribute  the  mordant 
uniformly  a  £rame  or  chase  is  employed,  on  which,  by  means  of  nails,  a  stout  piece  of 
canvas  is  stretched,  the  frame  being  made  to  float  on  the  top  of  a  thick  solution 
of  gum  or  linseed  mucilage,  placed  in  a  suitably  constructed  vessel.  On  a  frame  a 
piece  of  oil-cloth  is  fastened  to  prevent  percolation  of  the  fluid ;  next  the  mordant  is 
brushed  over  the  cloth  of  the  frame  quite  uniformly.  The  printer  puts  his  block  on 
the  cloth  thoroughly  moistened  with  mordant,  so  that  the  projecting  engraved 
portions  of  the  block  become  uniformly  moistened,  and  tlie  block  having  been  trans- 
ferred to  the  calico  is  pressed  thereon,  the  pressure  aided  either  by  a  smart  blow 
given  by  the  printer's  fist  or  by  a  wooden  mallet,  care  being  taken  to  print  every 
portion  of  the  engraving  equally  on  to  the  woven  fabric.  When  several  mordants 
are  placed  on  to  the  frame  by  the  aid  of  separate  brushes  and  thence  printed  on  to 
the  cloth,  the  result  is  the  production  of  the  so-called  iris  or  fondu  prints.  In  order 
to  accelerate  the  operation  of  printing,  machinery  is  now  usual — ^for  instance,  the 
Perrotine,  invented  by  Perrot,  at  Houen,  in  1833.  This  machine  works  with 
three  to  four  wooden  formes  (Perrotine  formes  upon  which  the  patterns  are  fastened  by 
nails),  these  patterns  being  cast  in  a  manner  similar  to  stereotype  plates,  consisting 
of  a  readily  fusible  metallic  alloy.  The  arrangement  of  this  machine  is  of  course 
such,  that  the  formes  are  as  wide  as  the  cloth  intended  to  be  printed.  Instead  of  this 
machine  cylinder  printing  has  become  general.  The  cylinders  are  made  of  copper, 
and  on  these  the  pattern  is  engraved.  The  cylinders  are  revolved  in  a  frtunework  by 
means  of  machinery.  By  the  aid  of  a  wooden  cylinder  covered  with  cloth  which 
dips  into  the  vessel  containing  the  mordant,  the  copper  cylinder  is  fed  with  mordant, 
while  a  kind  of  blunt  knife,  known  technically  as  the  doctor,  scrapes  off  from  the  non- 
engraved  portion  of  the  copper  cylinders  any  superfluous  colour,  which  is  thus  eon- 
fined  to  the  engraved  portion  forming  the  design. 

Before  the  mordanted  cloth  can  be  dyed  it  has  to  be  kept  for  some  time  in 
order  that  the  alumina  and  iron  mordants  may  combine  intimately  with  the  fibre  of 
the  cloth.  Moreover,  the  cloth,  before  being  immersed  in  the  dye-beck,  has  to 
tmdergo  the  operation  technically  known  as  cleansing ;  that  is  to  say,  after  the  mar- 
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dant  has  become  dry,  the  thickening  and  faint  colouring  matter  have  to  be  removed, 
together  with  any  mordant  uncombined  with  the  fibre.  For  goods  intended  to 
be  madder  dyed  the  cow-dung  bath  is  required.  Usually  some  chalk  is  added  for  the 
purpose  of  saturating  the  acetic  acid  or  the  mordant.  Although  all  calico  printers 
agree  that  the  cow-dung  bath  is  necessary,  tlie  rationale  of  the  action  of  tliis  bath  has 
not  as  yet  been  explained.  According  to  Mercer  and  Blyth,  for  cow-dung  may  be 
substituted  certain  phosphates  and  arseniates,  and  these  chemists  propose  the  use  of 
phosphate  of  soda  and  phosphate  of  lime.  More  recently  silicate  of  soda  has 
been  used  instead  of  cow-dung.  In  England  cow-dung  is  no  longer,  or  at  least  only 
very  rarely,  used.  After  the  goods  have  been  treated  with  cow-dung  or  its  substitutes, 
they  are  washed  and  then  dyed.  In  the  case  of  dyes  the  colouring  matter  of  which 
18  readily  soluble  in  water,  infusions  or  decoctions  are  used ;  cochineal,  quercitron 
bark,  weld,  safflower,  &c.,  are  thus  used.  But  otlier  dyes,  the  colouring  principle 
of  which  is  less  readily  soluble,  such  as  madder  and  garancine,  are  put  with 
hot  water  into  the  dye-beck  in  which  the  mordanted  goods  are  immersed.  It 
is  clear  that  when  several  different  mordants  have  been  printed  on  to  the  cloth, 
several  different  colours  can  be  obtained  by  the  same  dye  material.  With  madder, 
for  instance,  all  shades  of  pink  and  red,  black,  brown,  violet,  and  lilac  can  be  pro- 
duced when  alumina  and  iron  mordants  and  mixtures  of  these  have  been  used 
as  mordants.  As  the  dye  only  takes  where  the  mordant  has  been  applied,  it  can 
be  readily  removed  from  the  other  portions  of  the  cloth ;  this  removal  of  superfluous 
dye  is  effected  by  washing,  treating  with  bran  and  soap,  and  grass  bleachmg  opera- 
tions, technically  termed  clearing.  In  some  cases  madder-dyed  goods  are  cleared 
with  the  aid  of  solutions  of  bleaching-powder  or  Javelle  ley  (see  p.  223).  Some  dyes 
require  in  order  to  become  bright  and  brilliant  the  operation  known  as  avivage  or 
clearing,  but  of  a  special  nature ;  this  is  more  particularly  applicable  to  Turkey-red 
dyed  goods,  which  after  removal  from  the  dye-beck  are  submitted  to  a  boiling  under 
pressure  with  soap-suds  and  chloride  of  tin. 

Topkftiorsazfftoecoioan.  The  process  of  appl3ring  thickened  colours  and  mordants 
simultaneously  is  known  as  topical  or  surface  printing,  the  colours,  pigments,  being 
termed  topical  or  surface  colours.  Of  these  two  varieties  are  known,  one  of  which 
is  printed  in  the  state  of  solution,  becoming  gradually  fixed  and  insoluble  on  the  fibre 
itself;  the  other  is  applied  in  the  insoluble  state  witli  thickening  and  plastic 
substances,  by  the  aid  of  which  the  colours  adhere  to  the  fibre,  so  that  by  simple 
washing  they  are  not  removed — ultramarine  is  applied  in  this  manner.  Many  of  these 
styles  of  printing  require  for  fixing  as  well  as  for  clearing  the  application  of  steam, 
from  which  they  derive  their  name  of  steam  colours,  now  very  extensively  used. 
The  printed  goods  are  dried  for  two  or  three  days^  and  next  stretched  on  frames,  and 
thus  arranged  exposed  to  the  action  of  steam  at  100°.  in  properly  constructed  rooms. 
The  length  of  time  this  operation  is  continued  depends  in  practice  upon  several  con- 
ditions, and  varies  in  different  establishments,  but  is  generally  twenty  to  forty-five 
minutes  at  a  time.  The  precise  action  of  the  steam  is  not  well  known.  China  blue, 
deriving  its  name  from  a  resemblance  to  the  dolour  of  old  china  ware,  is  produced  by 
a  very  complex  process,  of  which  the  following  is  a  brief  outline.  The  indigo  in  its 
natural  state  is  very  finely  ground  and  mixed  with  deoxidising  bodies,  such  as 
sulphate  of  iron,  acetate  of  iron,  orpiment,  or  protochloride  of  tin,  and  thus  applied  to 
the  cloth ;  the  goods  thus  printed  are  aged  and  afterwards  dipped  into  clear  lime- 
water  ;  this  serves  to  "  wet  out "  and  to  form  an  insoluble,  or  at  least  difficultly 
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soluble,  compomid  of  the  gum  paste  or  starch  of  tlie  thickening  with  the  lime.  The 
piece  is  next  placed  in  the  copperas  vat  for  ten  minutes,  the  lime-water  which 
adheres  to  the  cloth  precipitating  a  little  oxide  of  iron  over  its  whole  surface,  but  it 
does  not  appear  that  the  slightest  dissolution  or  deoxidation  takes  place.  The  piece 
is  now  taken  to  the  lime  yat  again,  in  which  it  is  gently  moved  about ;  by  this  opera- 
tion the  indigo  is  deoxidised  and  dissolved,  but  does  not  spread  beyond  the  design, 
for  the  reason  that  it  is  surrounded  with  fibres  saturated  with  water  and  coagulated 
gum,  while  by  the  excess  of  lime  present,  the  solubility  of  Uie  deoxidised  indigo  is 
greatly  lessened.  The  piece  is  again  dipped  into  the  copperas  vat  and  again  into  the 
lime  vat  several  times,  the  last  dip  being  in  lime  for  a  long  time.  The  goods,  thickly 
coated  with  a  cream  of  lime,  are  put  into  clean  water,  and  afterwards  into  a  dilute 
add,  then  washed  and  cleared  in  weak  soap  and  warm  weak  acid.  China  blue  is  a 
^ast  colour,  but  very  dark  shades  cannot  be  obtained  by  this  process,  which  is  rather 
costly  on  account  of  the  time  and  labour  it  requires.  Steam  blue  is  obtained  by 
printing  with  a  solution  of  ferrocyanide  of  potassium  thickened  with  sitareh, 
acidulated  with  tartaric  acid  and  a  small  quantity  of  sulphuric  acid,  after  which  the 
calico  is  dried,  aged,  and  lastly  steamed.  Yellow  is  produced  by  first  treating 
the  goods  with  acetate  of  lead,  and  next  passing  them  through  a  solution  of  bichromate 
of  potash.    Green  is  produced  with  a  mixture  of  chromate  of  lead  and  Berlin  blue. 

DiMharca  Style.  As  employed  in  practice  on  the  large  scale,  the  term  discharge  is 
given  to  a  composition  which  has  the  power  of  bleaching  or  discharging  the  dye 
already  communicated  to  a  fabric.  The  discharging  of  mordants  by  the  aid  of 
agents— chiefly  acids — which  dissolve  or  otherwise  render  ineffective  the  constituents 
of  the  mordants,  seldom  occurs  in  practice,  and  only  then  a  few  special  styles.  As 
a  rule,  discharge  is  effected  with  uniformly  dyed  goods,  more  espedaUy  indigo  and 
Turkey-red  dyed  fabrics,  upon  which  it  is  desired  to  produce  white  patterns ;  while 
sometimes  upon  a  portion  of  the  white  ground  thus  obtained  other  colours  are  produced. 
The  agents  used  to  produce  the  discharge  vary  with  the  dye  which  has  been  applied  as 
well  as  with  the  colour  afterwards  desired  to  be  produced  on  the  white  ground, 
while,  moreover,  the  discharge  ought  not  to  injure  the  fibre  of  the  cloth.  Oxalic, 
tartaric,  citric,  more  or  less  dilute  sulphuric  and  hydrochloric  adds,  bisulphate 
of  potash,  nitrate  of  lead,  solutions  of  bleaching-powder,  weak  chlorine  water,  and 
bichloride  of  tin  are  used,  being  properly  thickened  with  suitable  materials,  while 
some  are  so  contrived  as  to  serve  as  mordants  for  colours  to  be  subsequently  ai^lied; 
for  instance,  for  blue,  a  mixture  of  tartaric  acid,  Berlin  blue,  tinsalt,  £EKrina,  and 
water,  is  used ;  for  yellow,  nitrate  of  lead  with  tartaric  acid,  starch,  and  water ;  for 
green,  a  mixture  of  yellow  and  blue;  for  black,  a  logwood  decoction  to  whidi 
nitrate  of  iron  has  been  added.  The  pieces  thus  prepared  (these  discharges  having 
been  printed  on)  having  been  put  into  and  passed  through  a  solution  of  chloride 
of  lime,  the  dye  previously  applied  is  destroyed  where  the  discharge  is  printed,  and 
in  its  stead  the  new  colour  is  produced  according  to  the^ttem.  Chromic  add,  or  an 
addulated  solution  of  bicromate  of  potash,  is  sometimes  used  as  a  discharge, 
the  oxide  of  chromium  produced  yielding  a  brown  colour. 

abihim  printiiiff.  As  regsjtls  the  application  of  these  colours  to  calico  printing  they 
may  be  termed  steam  colours.  The  printing  and  fixing  is  effected  by  the  following 
methods : — i.  The  thickened  mordant  is  printed  on,  and  next  fixed  dther  by  drying 
or  by  ageing  and  steaming  after  drying,  the  fi^bric  being  dyed  in  a  solation  of  tiie 
Aniline  colour  (red,  violet,  blue),  the  colour  becoming  fixed  to  the  mordanted  portkns 
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only  of  the  calico.  2.  The  thickened  mordant  is  mixed  with  the  aniline  dye,  and 
thus  printed,  and  the  fixing  effected  by  steaming.  The  mordants  for  these  colours 
are : — Dried  albumen,  blood  albumen,  viz.,  tliat  bleached  by  the  action  of  ozone 
obtained  by  means  of  oil  of  turpentine;  vegetable  gluten  in  various  forms,  for 
instance,  that  dissolved  according  to  W.  Cruin's  plan  in  weak  caustic  soda  ley,  or 
according  to  Scheurer-Bott  in  a  weak  acid,  or  gluten  dissolved  in  saccharate  of  lima 
according  to  Li^s-Bodard,  or  finally  gluten  dissolved  by  incipient  putrefaction,  as 
suggested  by  Hanon.  Instead  of  gluten  caseine  may  be  used  dissolved  either  in 
caustic  ley  or  in  acetic  acid  ;  glue  and  tannate  of  glue  are  also  used  (Kuhlmann  and 
Lightfoot).  Other  mordants  for  these  colours  are  tannin,  fat  oils,  and  preparations 
thereof,  as  oleo-sulphuric  acid,  palmatino-  and  glycerin-sulphuric  acid.  Further, 
certain  resins,  among  which  shellac  dissolved  in  borax  is  one. 

Gluten  is  largely  obtained  as  a  by-product  of  the  preparation  of  starch  from 
wheaten  or  other  flour.  When  required  for  use  as  a  mordant,  the  gluten  is  allowed 
to  remain  in  moist  state,  and  by  incipient  putrefaction  becomes  sour,  and  hence  fluid. 
The  mass  is  purified  by  first  treating  it  with  carbonate  of  soda ;  5  kilos,  of  the  sour 
gluten  require  for  saturation  about  560  grms.  of  a  carbonate  of  soda  solution  at 
1*15  sp.  gr.,  whereby  the  gluten  is  again  rendered  insoluble,  and  after  having  been 
washed  is  re-dissolved  in  caustic  soda  ley,  5  kilos,  of  the  gluten  requiring  435  grms. 
of  a  caustic  soda  solution  at  I'oSo  sp.  gr.  This  solution  is  next  diluted  with  35  litres 
pf  water.  The  fluid  is  printed  on  the  calico,  which  is  next  dried,  aged,  and  steamed, 
after  which  it  is  rinsed  in  water  and  dyed  in  a  solution  of  the  aniline  colour.  The 
gluten  is  sometimes  mixed  with  the  aniline  colour  and  printed  on  with  it,  after  which 
the  calico  is  steamed  a  first  time,  then  washed,  and  steamed  a  second  time.  Gluten 
may  be  used  without  the  preparation  with  carbonate  of  soda  by  leaving  it  to  putrefy 
until  it  has  become  very  fluid;  it  is  then  mixed  with  about  one-third  of  its  weight  of 
caustic  soda  solution  of  the  above  1080  sp.  gr.  When  caseine  (lactarine,  it  is  tech- 
nically termed  in  England)  is  used  for  mordanting  calico  previous  to  the  application 
of  aniline  dyes,  it  is  dissolved  in  caustic  soda,  and  after  the  calico  has  been  printed 
with  this  mixture  the  aniline  colour  is  printed  on. 

The  method  of  printing  with  aniline  colours  as  devised  by  (3)  Gratrix  and  Javal, 
differs  considerably  from  the  preceding,  and  consists  (a)  iu  preparing  an  insoluble 
compound  of  the  aniline  colour  with  taimio  acid,  which,  having  been  thickened  with 
Senegal  gxmi,  is  printed  on  to  the  cloth  which  has  been  previously  mordanted  with 
tinsalt  or  any  other  suitable  mordant;  or  ip)  there  is  printed  on  the  previously 
animalised  cotton,  that  is  to  say,  cotton  mordanted  with  albumen,  lactarine,  or 
gluten,  or  cotton  mordanted  with  tinsalt,  a  thickened  decoction  of  galls,  by  which  in 
the  first  place  a  tannate  of  albumen,  dec.,  in  Uie  second  one  of  tin,  both  insoluble  in 
water,  are  formed.  The  calico  having  been  dried  is  tlien  passed  through  an 
acidulated  aniline  solution.  The  aniline-tannin  compound  mentioned  under  {a)  is 
prepared  by  adding  to  an  aniline  solution  as  much  decoction  of  galls  (better  still 
solution  of  tannin)  as  is  required  for  the  complete  precipitation  of  the  dye  material 
This  precipitate  is  collected  on  a  filter,  washed,  and  dissolved  in  alcohol  or  acetic 
acid,  and  having  been  thickened  with  gum,  the  solution  is  used  for  printing.  When 
printed  the  goods  are  steamed  and  washed  either  with  or  without  soap,  according  to 
the  shade  which  it  is  desired  to  give  to  the  colour.  A  red  colour  requires  a  soap- 
wash.  According  to  the  second  method  the  calico  is  treated  with  a  solution  of  stan- 
nate  of  soda,  after  which  a  thickened  solution  of  tannin,  or  a  tannin-containing 
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material  is  printed  on  to  the  cloth,  which  is  steamed  and  the  mordant  farther  fixed. 
The  dyeing  operation  in  carried  on  in  a  dye-beck  used  as  for  madder,  the  beck  being 
filled  with  water,  acidulated  with  acetic  acid,  and  heated  to  50°.  The  cloth  is  put 
into  this  liquid,  and  gradually  the  dye  dissolved  in  acetic  acid  is  added.  When  the 
requisite  quantity  of  the  dye  has  been  added,  the  contents  of  the  dye-beck  are  heated 
to  the  boiling-point.  Aniline  black  is  produced  (see  p.  579)  upon  the  cloth  by  means 
of  chlorate  of  potash,  chloride  of  copper,  ferricyanide  of  ammonium,  or  freshly  pre- 
cipitated sulphuret  of  copper.  Naphthylamin  violet  (see  p.  583'  is  now  produced  by 
a  similar  process. 

HotpnMinir.  Finiihing.  The  printed,  washed,  and  rongh-dried  cotton  goods  are  next 
and  oreMing.  finished,  that  is  to  say,  starched,  dried,  often  calendered,  hot-pressed, 
folded,  and  again  pressed.  In  England  these  operations  form  a  distinct  branch  of  the 
dyeing  art  usaally  not  performed  by  the  printers.  For  chintz  white  wax  is  added  to  the 
hot  starch  in  order  to  impart  a  better  gloss.  In  order  to  give  muslins  a  somewhat  velyety 
appearance  spermaceti  is  added  to  the  starch  while  being  boiled  with  water. 

Piinting  Linen  Goods.  Linen  goods  are,  as  a  rule,  neither  dyed  nor  printed,  and  only  a  few 
indigo-dyed  articles  on  which  white  patterns  are  produced  are  in  the  trade.    As  regards  the 

PiiaUnc  woouen  Goods,  printing  of  wooUcn  goods,  flannels  more  particularly,  block-printing 
is  most  frequent.  The  goods  are  mordanted  with  chloride  of  tin.  The  fixing  of  many  of 
the  colours  imparted  to  woollen  goods  is  effected  by  steaming.  We  distinguish,  moreoyer, 
in  the  printing  of  woollen  goods — i.  Golgas  printing  ;  and  (2)  Berill  printing.  As  regards 
the  former  method,  now  almost  obsolete,  the  golgas,  a  very  mm  and  light  flannel  fabric,  is 
first  mordanted  with  alum  and  cream  of  tartar,  and  next  placed  between  wooden  or 
leaden  plates  partly  perforated  with  a  pattern,  and  strongly  pressed  in  a  peculiarly 
constructed  hydrauUc  press,  where  it  is  possible  to  force  dye  solutions  through  the  goods, 
which  are  only  wetted  by  these  solutions  and  consequently  dyed  where  the  dye  liquor  can 
pass  through,  the  strong  pressure  preventing  the  liquid  running  over  the  flannel  in 
any  other  direction.  By  the  berill  printing  process  the  surface  colours,  thickened  with 
stwroh,  are  printed  on  to  the  flannel  with  hot  brass  formes  ;  the  starch  not  being  removed, 
the  result  is  the  formation  of  reUeved  and  coloured  patterns.   The  processes  and  methods 

Printing  sok  Ooods.  of  printing  silk  goods  are  generally  the  same  as  for  calicos ;  either  sur- 
face printing  is  resorted  to  with  fixing  by  steam,  or  various  mordants  are  printed  on  to 
ihe  ralk,  which  is  next  dyed  in  the  dye-beck.  A  pecuhar  kind  of  printing  on  silk  is  based 
upon  the  property  of  nitric  acid  producing  upon  silk  a  permanent  yellow  colour,  as  well  as 
of  destroying  most  other  dyes,  and  ^et  acting  on  resins  and  fatty  substances  only  slowly. 

MMdMin  PrinUng.  This  mode  of  prmting  on  silk  is  termed  mandarin  printing,  and  the 
tissue,  chiefly  silk  handkerchief s,  to  which  it  is  applied,  mandarins.  In  order  to  etch  with 
nitric  acid  on  the  indigo-dyed  silk,  there  is  printed  on  to  it  a  resist,  composed  of  resin  and 
fat,  after  which  the  tissue  is  kept  for  2  to  3  minutes  in  a  mixture  of  x  part  of  water  and 
2  parts  of  nitric  acid  heated  to  50**.  The  goods  are  then  thoroughly  rinsed  in  fresh  water 
and  boiled  in  a  soap  solution,  to  which  carbonate  of  potash  is  added.  The  portions  of  the 
silk  where  no  resist  has  been  placed  are  thus  made  beautifully  yellow. 

Banrtsnas.  On  genuine  madder-red  dyed  silk  white  patterns  are  etched  by  a  process 
similar  to  that  just  described  for  golgas  printing.  The  goods  are  placed  between  leaden 
plates  in  which  the  pattern  is  cut  out,  and  then  submitted  to  strong  hydraulic  pressure ; 
next  a  solution  of  bleaching-powder  acidulated  with  some  sulphuric  acid  is  forced  through 
the  goods,  by  which  the  madder  dye  is  destroyed.  The  pattern  thus  etched  may  be  after 
waslong,  the  pressure  remaining  and  water  being  forced  through,  dyed  yellow  by  first 
forcing  a  solution  of  acetate  of  lead  and  next  one  of  chromate  of  potash  throng  the 
woven  fabrics,  kept  of  course  in  the  press. 
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DIVISION  VII. 

THE  MATERULS  AND   APPARATUS   FOR  PRODUCING   ARTIFICIAL   LIGHT. 


^**"^ too^SL*"^"  Very  few  among  the  large  number  of  bodies  which  at  a  high  teitt- 
peratore,  either  by  combustion  or  at  a  red  heat,  evolve  a  permanent  light  are  suited 
for  use  as  materials  for  artificial  illumination.  The  number  of  bodies  which  comply 
with  the  conditions  demanded  in  artificial  illuminatioii  is  very  small.  These  condi- 
tions are  the  following: — 

I.  That  by  the  combustion  of  the  body  a  sufficient  degree  of  heat  be  evolved  to 
ywiiiTifAiw  the  combustion.  2.  That  when  the  burning  body  happens  to  be  solid,  it  be 
previous  to  the  combustion  converted  into  gas  or  vapour,  as  otherwise  no  flame  id 
generated,  which  is  absolutely  required  for  the  purpose  of  illumination.  3.  That  the 
burning  body  evolve  in  the  flame  solid  bodies  or  very  dense  vapours  as  an  essential 
condition  of  the  illuminating  property  of  the  flame.  4.  That  either  the  body  itself  or 
the  raw  material  from  which  it  is  obtainable  be  present  in  large  quantity  and  be 
readily  obtainable.  5.  That  the  products  of  combustion  be  gaseous  and  harmless  to 
the  health. 

It  is  a  generally  known  fact  that  any  great  accumulation  of  heat  imparts  to  bodies 
the  property  of  emitting  light.  This  is  more  conspicuous  in  solid  and  fluid  bodies, 
because  their  molecules  are  placed  more  closely  together  than  happens  to  be  the  case 
with  gases  and  vapours.  At  a  temperature  of  500**  to  600''  a  solid  body  becomes 
red-hot,  while  at  about  1000°  white  heat  occurs.  A  gaseous  body  heated  to  these 
degrees  of  temperature  emits  only  a  very  feeble  light.  In  order  to  render  a  gaseous 
body  (and  as  already  mentioned  only  gaseous  bodies  are  suited  for  illuminating 
purposes)  luminous  during  its  combustion,  it  should  contain  the  vapours  of  some  of 
the  liigher  hydrocarbons  (for  instance,  benzol,  acetylen,  naphthaline,  dec.),  and  that 
these  by  becoming  white-hot  should  yield  light,  or  that  there  be  present  in  the  flame, 
by  itself  non-luminous,  a  solid  body  which  is  thus  rendered  white-hot ;  for  instance,  a 
spiral  platinum  wire  in  a  hydrogen  flame,  a  piece  of  caustic  lime  in  tlie  oxy-hydrogen 
flame,  a  cylindHcal  piece  of  zircona  or  magnesia  in  a  hydrogen  or  coal-gas  flame 
fed  by  oxygen,  oxide  of  magnesium  in  tlie  flame  of  burning  magnesium  (magnesium 
light),  solid  phosphoric  acid  in  the  flame  of  burning  phosphorus,  &c.  Leaving  out  of 
the  question  for  the  present  such  lights  as  are  not  generally  available,  as  those  just 
alluded  to,  and  also  the  electric  light,  it  is  clear  tliat  for  all  practical  purposes  we 
can  avail  ourselves  of  only  such  materials  for  illuminating  purposes  as  yield  a  flame 

3B 
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which  emits  light  in  consequence  of  the  yaponrs  of  heavy  hydrocarbons  present 
therein.  These  hydrocarbons  are  indeed  contained  in  all  the  substances  which  are 
either  used  for  illuminating  purposes  or  from  which  illuminating  materials  are 
prepared,  as,  for  instance,  tallow,  pahn  oil,  and  the  fatty  acids,  viz.,  stearic  and 
pabnitic,  wax,  spermaceti,  paraffin,  rape-seed  oil,  the  various  paraffin  and  petroleum 
oils,  camphine  (highly  rectified  oil  of  turpentine),  coals,  bituminous  schists,  boghead 
coal,  wood,  fats,  and  resins. 

turn*.  Every  solid  and  fluid  body  which  becomes  either  volatilised,  or  decom- 
posed into  gaseous  matter  at  a  temperature  below  that  required  for  its  combustion, 
ean  bum  only  in  the  shape  of  gas.    The  ensuing  light  is  what  we  call  flame. 

The  well-known  shape  of  flame  is  due  to  the  pressure  of  the  ambient  air,  because 
the  latter,  becoming  heated  and  being  rendered  specifically  lighter,  ascends.  When 
the  illuminating  material  consists  of  molten  paraffin,  stearic  acid,  or  oil  (colza,  rape- 
seed,  or  petroleum),  it  is  sucked  upwards  in  the  interstices  of  the  wicks  acting  as 
capillary  tubes,  and  in  the  immediate  neighbourhood  of  the  flame  these  substances  are 
converted  into  gases  and  vapours,  the  nature  of  which  closely  agrees  to  that  of  purified 
illuminating  gas. 

Sir  Humphry  Davy  was  the  first  to  elucidate  the  nature  of  flame  and  the 
cause  of  its  luminosity  as  well  as  of  the  unequal  luminosity  of  diflerent  kinds  of 
flames.  In  our  day  the  researches  of  Hilgard,  H.  Landolt,  Pitschke,  Blochmann, 
Kersten,  and  more  particularly  of  H.  Deville,  Volger,  Lunge,  Dr.  Frankland,  and 
others,  have  greatly  contributed  to  our  knowledge  of  flame.  When  closely  observed 
we  can  distinguish  in  flame  three  distinct  portions,  viz. : — (i)  an  outer  luminous  layer, 
or  so-called  veil;  (2)  a  central  nucleus,  which  is  red-hot;  and  (3)  an  inner  and  lower 
portion,  in  which  the  gaseous  substances  about  to  become  ignited  are  heated.  The 
opinion  formerly  held  about  the  cause  of  the  emission  of  light  by  flame  was  that  by 
the  combined  action  of  a  very  high  temperature  and  the  oxygen  of  the  atmosphere, 
which  first  combines  with  the  hydrogen,  carbonaceous  matter  is  separated,  which, 
being  heated  to  a  bright  white  heat  emits  light.  By  the  researches  made  by  Hilgard 
on  the  flame  of  burning  candles,  and  of  Landolt  and  H.  Deville,  who  experimented 
vrith  a  gas-flame,  we  have  been  taught  tliat  a  very  quick  and  rapid  difiusion  of  air 
and  the  products  of  combustion  takes  place,  and  that  in  the  interior  of  the  flame  a 
decrease  of  the  quantity  of  the  combustible  gases  and  an  increase  of  the  prodoets  of 
combustion  occurs.  But  all  these  researches  do  not  enable  us  to  explain  many  of 
the  most  ordinary  phenomena  observed  in  luminous  flames.  We  do  not,  for  example, 
know  what  relation  there  exists  between  the  chemical  composition  of  an  illuminating 
substance  and  its  illuminating  power;  consequently,  gas  analyses  made  for  the 
purpose  of  testing  gas  are  in  that  respect  of  very  little  value.  According  to  the 
researches  of  O.  Kersten,  confirming  those  of  O.  L.  Erdmann,  the  atmospheric  oxygen 
combines,  at  least  in  gas  flames,  first  with  the  suspended  particles  of  free  carbon  and 
next  with  tlie  hydrogen.  The  combustion,  Kersten  stales,  does  not  take  place  in  the 
centre  of  the  flame,  but  only  at  the  veil  and  that  portion  of  the  luminous  mantle 
which  is  nearest  to  the  veil,  because  we  cannot  admit  that  any  trace  of  oxygen  f<^n 
pass  through  a  layer  of  red-hot  hydrogen  and  carbon.  The  products  of  combustion 
observed  in  the  centre  of  the  flame  are  not  formed  there,  but  have  been  carried  there 
by  diffusion.  The  total  heat  of  the  flame  is  consequently  derived  from  the  limit  of 
the  zone  of  combustion.  The  temperature  of  the  centre  of  the  flame  and  of  the 
mantle  increases  of  course  towards  the  top,  and  hence  the  most  luminous  nortion  of 
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the  flame  is  that  where  the  carbon  is  separated  by  the  intense  heat,  below  the  thin 
layer  of  the  dark  omtral  cone.  Higher,  where  the  heat  which  decomposes  the 
l^drocarbons  into  their  constituents  reaches  upwards  to  the  middle,  the  entire 
centre  is  luminous,  and  hence  a  solid  flame  is  exhibited.  As,  then,  the  free  carbon 
comes  nearer  to  the  layer  rich  in  oxygen,  it  is  converted  into  carbonic  acid,  and  is 
the  more  luminous  the  more  energetic  this  combustion.  In  the  veil  oxide  of  carbon 
and  hydrogen  bum  simultaneously.  The  reason  why  this  veil  does  not  exhibit  at 
its  lower  part  a  luminous  mantle  is  because  the  mass  of  the  gases  in  the  interior  is 
too  cold  for  admitting  a  separation  of  hydrocarbons. 

The  non-luminosity  of  a  flame,  even  that  of  pure  defiant  gas,  due  to  the  too 
contracted  space  occupied  by  the  temperature  of  the  veil,  may  be  observed  when  a 
gas  flame  is  turned  down  as  low  as  possible ;  in  this  case  a  complete  combustion 
takes  place  before  any  decomposition  can  ensue,  just  as  happens  in  the  lower  blue 
portion  of  a  luminous  flame.  The  luminosity,  therefore,  depends  upon  the  composi* 
tion  of  the  gas  before  it  is  burnt,  and  not  upon  a  subsequent  combustion  of  the 
carbon.  It  has  been  assumed  that  the  luminosity  of  gas  flames  is  due  to  the 
momentarily  eliminated  particles  of  solid  carbon  becoming  white-hot;  but 
according  to  Dr.  Frankland's  researches,  made  in  1867,  it  is  not  the  particles  of  solid 
carbon,  but  rather  the  dense  vapours  of  the  higher  hydrocarbons,  those  having 
a  high  boiling-point,  which,  while  ignited  at  an  elevated  temperature,  cause  the 
luminosity  of  the  gas  flame.  There  are  present  in  illuminating  gas  compounds  of 
great  density,  which  in  the  state  of  vapour,  similar  to  what  may  be  observed  of  the 
vapour  of  arsenic,  may  render  flame  luminous ;  among  these  are  the  vapours  of 
benzol,  naphthaline,  and  probably  of  many  other  of  the  constituents  of  coal-tar.  These 
vapours  remain  in  the  flame  in  undecomposed  state  up  to  the  moment  that  they  reach 
the  outer  layer  or  envelope  of  the  flame,  where  they  become  consumed  when  coming 
in  contact  with  the  oxygen  of  the  air.  It  has  been  customary  to  adduce  as  a  proof 
that  the  luminosity  of  the  flame  is  due  to  elinunatod  particles  of  carbon,  the  fact  that 
when  a  piece  of  porcelain  is  held  in  the  flame  carbon  is  deposited  thereon ;  but  it  has 
not  been  proved  that  this  substance  is  pure  carbon;  on  the  contrary,  when  the 
deposit  is  submitted  to  analysis,  it  is  always  found  to  contain  hydrogen,  and  any 
chemist  who  desires  to  obtain  pure  carbon  from  lamp-black  knows  well  enough  that 
this  substance  has  to  be  strongly  ignited  in  close  vessels  before  all  the  hydrogen  it 
contains  has  been  eliminated.  In  order  to  accelerate  this  process  of  purification, 
chlorine  gas  is  passed  over  the  lamp-black  placed  in  a  combustion-tube,  or  better,  a 
porcelain  tube,  and  raised  to  nearly  a  white  heat  Lamp-black  is  probably  nothing 
more  than  a  conglomerate  of  the  densest  light-emitting  hydrocarbons,  the  vapours  of 
which  become  condensed  upon  the  surface  of  the  cold  porcelain.  How  could  a  flame 
be  so  transparent  as  it  really  is  were  it  filled  with  solid  particles  of  carbon?  How 
could  it  be  the  same  for  photometrical  assays  if  the  flame  be  placed  with  its  broad  or 
narrow  edge  towards  the  photometer  if  the  light  of  the  flame  were  due  to  solid 
particles  of  carbon  ?  It  is  possible  that  in  a  slight  degree  an  elimination  of  carbon 
actually  takes  place  as  a  consequence  of  the  decomposition  of  hydrocarbons,  but  the 
main  source  and  cause  of  the  luminosity  of  a  gas-flame  is  the  combustion  of  the  heavy 
hydrocarbons.  It  is  clear  that  the  temperature  of  the  flame  has  some  influence  on 
its  luminosity.  According  to  H.  Deville*s  experiments  (1869)  the  degree  of 
the  luminosity  of  a  flame  is  innately  connected  with  the  density  of  the  vapours 
present  t)ierein,  while  the  dissociation  does  not  appear  to  be  without  some  inflnenco 


620  CHEMICAL  TECHNOLOGY. 

upon  the  condition  of  the  flame.    Under  ordinary  conditions  an  Ulnminating  material 

to  be  burnt  in  air  free  from  draughts,  and  so  that  no  smoky  flame  be  produced, 

should  contain  upon  6  parts  by  weight  of  carbon  i  part  by  weight  of  hydrogen, 

as  nearly  obtains  in  olefiant  gas,  paraffin,  wax,  and  stearic  acid.    Oil  of  turpentine* 

which  contains  upon  i  part  by  weight  of  hydrogen  75  parts  by  weight  of  carbon, 

bums  with  a  sooty  flame^    This  is  the  case  in  a  higher  degree  with  benzol,  which 

upon  I  part  of  hydrogen  contains  12  of  carbon,  or  with  naphthaline,  in  which  the 

proportion  is  i :  15.     In  order  to  bum  the  excess  of  carbon  (as  already  stated, 

according  to  Dr  Frankland's  researches,  this  is  not  pure  carbon,  but  a  conglome-^ 

ration  of  dense  hydrocarbons)  which  becomes  eliminated,  an  increased  supply  of 

air  is  required,  such  as  is  created  by  a  lamp-glass.     Such  flames  as  do  not  eliminate 

carbon,  as,  for  instance,  those  of  marsh-gas  and  alcohol,  yield  only  a  fidnt  light 

when  burning*     The  luminosity  of  gas  is  at  once  destroyed  when  atmospheric  air 

is  mixed  with  the  gas,  as  may  be  observed  in  the  Bunsen  burner ;  the  same  e£feci 

obtains  when  the  gas  is  mixed  with  other  indifferent  gases  or  yapours. 

Artificial  light  is  prooured : — 

L  From  substanc^^s  solid  at  ordinary  temperatures,  and  prepared  in  the  shape  of 
candles  made  of  such  materials  as  tallow,  palm  oil,  stearic,  palmitic  and  elaidio  acids, 
wax,  spermaceti,  and  paraffin. 

n.  By  employing  fluid  substances,  chiefly  in  lamps,  and  which  may  be  brought  to 
the  following  categories : — 

a.  Non-Tolatile  oils,  such  as  rape-seed,  olive  oil,  fish  oil. 
5.  Volatile  oils  which  are  either — 
a.  Essential  oils,  as,  for  instance,  oamphine  (refined  oil  of  turpentine) ;  or 
p.  Mineral  oils,  obtained  from  tar,  from  peat,  lignite,  bituminous  slate,  boghead  coal, 
and  consisting  of  mixtures  of  fluid  hydrocarbons,  met  with  in  commerce  under  a 
variety  of  names,  such  as    solar  oil,  photogen,  Ugroine,  kerosen,  paraflin 
oil,  &o. ;  or 
7.  Native  earth-oil  or  petroleum,  which,  after  having  been  refined,  is  sold  uiEngland, 
commonly  under  the  name  of  petroleum  oil,  to  distinguish  it  especially  from 
Young's  patent  paraffin  oil. 
m.  By  means  of   gaseous    substances   obtained   by  the  dry  distillation  of  coals, 
bituminous  slate,  peat,  wood,  petroleum  residues,  resins,  and  fatty  substances,  all  of 
Which  when  submitted  to  a  high  temperature  above  a  cherry-red  heat,  become  decom- 
posed, yielding  a  solid  residue  rich  in  carbon  (coke),  tar,  and  gases ;  or  again,  by  other  modes 
of  treatment,  as  with  the  so-called  water-gas,  obtained  by  passing  steam  over  red-hot 
charcoal. 

In  the  gaseous  illuminating  substances  the  luminous  body  is  either : — 
a.  Yielded  by  the  flame  itself,  as  is  the  case  in  the  ordinary  gas  flame;  or, 
5.  Introduced  externally,  as  in  the  so-called  platinum  light,  by  the  aid  of  platinum 
wire ;  in  the  lime-light  by  means  of  lime ;  in  the  magnesium-  and  zirconium- 
light  from  cylindrical  pieces  of  these  substances  ;  or  by  the  so-called  carburation 
of  the  gas  with  the  vapours  of  fluid  hydrocarbons. 

I.  Artificial  Light  obtained  by  Means  of  CandUi, 

Liciitfrom  candiM.  Leaving  out  of  the  question  the  use  in  some  very  poor  districts  of 
splints  of  resinous  wood  for  the  purpose  of  procuring  artificial  light,  candles  are  the 
only  shape  in  which  solid  materials  are  employed  for  illuminating  purposes.  A 
candle  consists  of  the  solid  illuminating  material,  palmitic  and  stearic  acids,  paraffin* 
iallow,  or  wax,  cast  in  the  well-known  cylindrical  shape,  and  provided  in  the 
direction  of  its  longitudinal  axis  with  a  cotton- wick,  the  thickness  and  plaiting  of 
which  should  be  arranged  in  proper  relation  to  the  diameter  of  the  candle.  We 
describe  in  the  following  pages  the  manufacture  of: — 

1.  Stearine  candles.  3.  Tallow  candles. 

2.  Paraffin  candles.  4.  Wax  candles. 
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ii«naf»<gg>^oiBu«tM  j.  Palm-oil  and  tallow  are  now  in  Europe  the  raw  materials 
for  the  manofactnre  of  these  candles,  while  lard  is  used  for  this  purpose  in  the 
United  States  (Cincinnati).  The  researches  of  W.  Heintz,  which  complete  those 
made  hy  Chevreul,  have  taught  us  that  these  fats  consist  of  palmitic,  stearic,  and 
oleic  acids,  and  glycerine.  The  acid  which  Chevreul  has  designated  as  margario 
acid  has  heen  proved  to  be  a  mixture  of  palmitic  and  stearic  acids.  The  so-called 
"  stearine  candles  "  are  frequently  made  of  a  mixture  of  stearine  (viz.,  a  mixture  of 
palmitic  and  stearic  acids i  and  soft  paraffin.  Candles  of  this  description  are  known 
abroad  as  Apollo  and  Melanyl  candles.  The  manufacture  of  stearine  candles 
consists  in  two  chief  operations,  viz. : — 

A.  The  preparation  of  the  fatty  acids ; 

B.  The  conversion  of  these  acids  into  candles. 

A.  The  preparation  of  the  fatty  acids  can  be  effected  by  saponification  with  lime, 
by  means  of  sulphuric  acid  and  subsequent  distillation,  by  means  of  water  and  high- 
pressure  steam,  and  by  means  of  steam  and  subsequent  distillation. 

'"'■"b^MSaS  ofilim.^*"*  ^-  Saponification  of  the  Fat4  by  Means  of  Lime. — The  raw 
fats  employed  in  this  operation  are  beef  or  mutton  tallow,  and  palm  oil.  The 
mutton  tallow  contains  a  larger  quantity  of  solid  fatty  acids,  and  is  more  readily 
saponified,  but  beef  tallow  is  cheaper.  The  Russian  tallow,  of  which  large  quantities 
are  met  with  in  commerce,  is  usually  a  mixture  of  beef  and  mutton  tallow.  As  palm 
oil  is  imported  into  Europe  in  large  quantities  and  is  comparatively  low  in  price,  it 
has  become  in  many  stearine  candle  manufactories  the  fat  chiefly  used. 

Stearine  yields  957  parts  of  stearic  acid  (melting  at  70"*)  CjsHjeOa. 
Palmitine  „  948  „  palmitic  acid  „  62''  C16H32O2. 
Oleine         „      90*3        „       oleic  acid  „      — 12**  Cx8H340a. 

Stearine,  palmitine,  and  oleine,  are  glycerides.  The  stearine  is  tri-stearine, 
C57HXX0O6 ;  palmitine  is  tri-palmitine,  C5XH98O6 ;  and  oleine  is  tri-oleine,  C37H104O6. 
By  the  saponification  with  milk  of  lime,  the  calcium  salts  of  the  three  fatty 
acids,  stearic,  palmitic,  and  oleic,  are  formed,  and  glycerine  is  separated.  The 
operation  of  saponification  is  conducted  in  the  following  manner: — Of  tallow  or 
of  palm  oil  about  500  kilos,  with  800  litres  of  water  are  put  into  wooden  lead-lined 
vats  or  tuns,  of  20  hectolitres  cubic  capacity,  and  next  by  the  aid  of  steam  conveyed 
into  the  vessel  by  a  leaden  pipe  coiled  spirally.  When  all  the  tallow  has  been 
melted  there  are  gradually  added  to  it  some  600  litres  of  milk  of  lime,  containing 
70  kilos,  of  lime  =  14  per  cent  of  the  weight  of  the  tallow,  care  being  taken  to  stir 
the  mixture  continuously.  After  heating  for  some  six  to  eight  hours  the  formation 
of  the  lime-soap  is  complete.  The  somewhat  yellow  glycerine  solution  is  run  off 
from  the  solid  granular  lime- soap  and  used  for  preparing  glycerine.  According  to 
theory,  starting  from  the  supposition  that  upon  3  molecules  of  fatty  acids  found  com- 
bined in  the  neutral  fat  there  is  i  molecule  of  glycerine,  100  parts  of  fat  would 
require  only  8*7  parts  of  caustic  lime,  but  in  practice  14  per  cent  of  lime  is  generally 
used  because  it  has  been  found  that  the  saponification  is  rendered  easier,  but  a  larger 
quantity  of  sulphuric  acid  is  also  required. 

The  lime-soap  thus  obtained  is  decomposed  by  means  of  sulphuric  acid,  either  con- 
centrated, or  as  so-called  brown  or  chamber  acid.  This  operation  is  carried  on  either 
in  the  vessel  in  which  the  saponification  took  place,  or  in  a  similarly  constmcted  vessel 
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or  in  stoneware  basins,  also  fitted  with  a  steam-pipe.  The  qnantiiy  of  snlphmio  acid 
required  for  the  decomposition  of  a  mixture  composed  of  500  kilos,  of  tallow  and 
70  kilos,  of  lime  amounts  to  137  kilos.  The  acid  is  first  diluted  with  water  to  12"*  B. 
=  sp.  gr.  I  086  (in  this  condition  the  acid  contains  30  per  cent,  HSSO4),  and  is  next 
poured  on  to  the  lime-soap,  with  which  it  is  thoroughly  stirred,  while  steam  heat 
is  applied  simultaneously.  When  the  fatty  acids  have  been  set  free  the  supply  of 
steam  is  shut  off,  and  the  fluid  mixture  left  for  some  time,  the  melted  &tty  acids 
rising  to  the  surface,  while  the  gypsum  settles  at  the  bottom  of  the  liquid.  The 
melted  fatty  acids  are  transferred  to  a  lead-lined  tank,  and  in  order  to  remove  the 
last  traces  of  lime  and  sulphate  of  lime,  first  washed  with  dilute  sulphuric  acid,  and 
next  with  water,  the  steam  heat  being  kept  up  to  maintain  the  acids  in  a  fluid  state. 
The  quantity  of  purified  fatty  acids  thus  obtained  is  the  following :-» 

500  kilos,  of  tallow  459*5  kilos,  of  fatty  acids. 

500        »»  •»       4630        t»  •>        ». 

500  »»  »•  478*0  tf  H  ft 

500        .t  M       487*5        »»  ».        »t 

2000  kilos,  of  tallow  1888*0  kilos,  of  fatty  acids, 

equal  to  94*8  per  cent.    The  yield  depends  on  the  kind  of  tallow  used,  on  its  purity, 
and  tlie  mode  of  operating  for  its  saponification. 
100  parts  of  the  fatty  acids  give : — 

^*  43*3  pa-i^  of  solid  fatty  acids  ^ 

On  an  average  459  parts  of  a  mixture  of  stearic 
and  palmitic  acid. 


*'•  45  **       »»  »♦         ♦♦       »» 

c.  46*2       „  „        „       „ 

(1. 4(^*4       »»  »»        t»      «> 


When  the  fatty  acids  have  been  as  much  as  possible  freed  from  lime,  gypsum,  and 
sulphuric  acid,  by  means  of  repeated  washing  with  water,  they  are  kept  in  molten 
condition  for  some  time  in  order  that  the  water  may  be  thoroughly  eliminated. 
Next,  ^the  fatty  acids  are  cooled  and  become  solidified,  after  which  they  are 
submitted  to  strong  hydraulic  pressure  in  order  to  remove  the  oleic  acid,  this  opera- 
tion being  repeated  and  then  performed  with  the  aid  of  heat.  The  acids  are  then  cast 
into  large  square  blocks,  or  cooled  in  moulds  similar  in  shape  to  those  used  for  large 
cakes  of  chocolate,  and  capable  of  containing  2  kilos,  of  the  fatty  adds.  In  some 
works  moulds  made  of  enamelled  iron  are  used  for  this  purpose.  The  fatty  adds  are 
left  in  these  moulds  for  the  purpose  of  crystallising  slowly ;  in  winter  twelve  hours, 
in  summer  twenty-four  hours,  are  required  for  attaining  this  end.  The  more  slowly 
the  crystcdlisation  proceeds  the  better,  because  the  more  readily  the  fluid  portion  can 
be  separated  by  pressure  from  the  solid  mass.  The  solidified  mass  is  next 
submitted  to  hydraulic  pressure,  in  order  to  eliminate  the  fluid  fatty  adds  retained 
between  the  crystals  of  the  solid  mass.  The  first  operation  of  pressing  is  performed 
at  the  ordinary  temperature.  The  solid  cake  of  the  fatty  acids  is  for  this  puiXK)ee 
put  into  a  press-bag,  which  may  be  made  of  any  strongly  woven  fabric,  horsehair 
cloth  being  often  employed.  The  press-bag  having  been  filled  is  placed  between 
plates  of  iron  or  zinc,  and  then  transferred  to  the  table  of  a  hydraulic  press,  capable 
of  exerting  a  pressure  of  200,000  kilos.  The  oleic  acid  which  runs  off  is  ooUected  in 
channels  and  thence  conveyed  by  a  pipe  to  a  cistern.  This  material  is  used  in  soap- 
making,  also  for  lubricating  wool,  and  more  recently  as  oldc  add  ether  mixed 
with  alumina  for  the  purpose  of  softening  leather.    When  the  hydrauHo  pieBB  does 
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not  remove  any  more  fluid  from  the  solidified  crystalline  acids,  hot-pressure  is 
resorted  to.  For  this  purpose  hydraulic  presses  of  a  peculiar  construction  and 
placed  in  a  horizontal  position  are  employed ;  the  an*angement  of  these  presses,  the 
plates  of  which  are  heated  by  means  of  steam  is,  however,  too  complicated  to  be  use- 
fully described.  The  pressed  fatty  acids  are  next  purified.  This  is  effected  by 
treating  them  in  a  molten  state  with  very  dilute  sulphuric  acid  ^^°  B.  =  1*020  sp.  gr.), 
and  washing  them  with  water,  an  operation  repeated  two  to  three  times,  the  fatty  acids 
being  of  course  kept  molten  all  the  time.  The  wash-water  to  be  employed  for  this 
purpose  ought  to  be  free  from  lime,  and  if  such  water  is  not  obtainable,  the  lime 
should  be  removed  by  means  of  oxalic  acid.  The  purified  fatty  acids  are  next  main- 
tained in  a  molten  state  for  some  time,  in  order  to  eliminate  the  water  mechanically 
adhering  to  them.  Sometimes  the  fatty  acids  are  clarified  by  the  aid  of  white  of 
eggs  beaten  to  a  froth,  and  added  to  the  water  of  the  last  operation,  in  the  proportion 
of  2  eggs  to  100  kilos,  of  fatty  acids ;  or  the  stearic  acid  is  re-molten  in  water 
containing  oxalic  acid.  The  fatty  acids  thus  obtained  are  either  cast  into  thick 
slabs  and  thus  sent  to  the  candle  factory,  or  the  molten  acids  are  directly  converted 
into  candles. 

It  is  evident  that  annually  a  large  quantity  of  worthless  gypsum  must  result  as  a  by- 
product of  the  deoomposition  of  the  lime-soap  by  the  use  of  sulphorio  acid.  It  may 
therefore  be  worth  while  to  suggest  that  caustic  baryta  should  be  substitated  for  lime, 
because  by  the  deoomposition  of  the  baryta-soap  with  solphuric  acid,  there  would  be 
formed  baryta  white  (sulphate  of  baryta),  the  value  of  which  will  cover  the  expense  of  the 
sulphuric  acid  ;  but,  on  the  other  hand ,  caustic  baryta  is  a  great  deal  more  expensive  than 
caustic  lime.  It  is  true  that  the  sulphate  of  baryta  separates  more  readily  and  completely 
from  the  liquor,  and  a  purer  glycerine  can  be  obtained  from  it.  Gambacere's  suggestion 
(1855)  to  saponify  with  alumina  was  made  with  the  view  of  obtaining  a  more  valuable  by- 
product. Alumina  does  not  saponify  fats,  but  aluminate  of  soda  (employed  for  the  purposes 
of  saponification  for  some  years  in  the  United  States  under  the  name  of  natrona  refined 
sapomfier)  does  so,  the  result  being  the  formation  of  an  alumina-soap,  while  the  soda  is  set 
free  and  may  be  used  again  for  the  purpose  of  re-dissolving  fresh  portions  of  alumina.  As 
in  the  operations  made  with  the  native  minerals  cryolite  and  bauxite,  aluminate  of  soda  is 
obtained  as  an  intermediate  product,  which  may  be  further  treated  for  sulphate  of 
alumina  and  soda ;  the  proposal  to  use  an  alumina-soap  instead  of  a  lime-soap  deserves 
every  consideration,  the  more  so  as  the  fluid  obtained  by  the  decomposition  of  the 
alumina-soap  with  sulphuric  acid  may  be  directly  employed  for  the  preparation  either  of 
sulphate  of  alumina  or  of  alum.  The  alumina-soap  may  be  decomposed  at  the  ordinary 
temperature  by  acetic  acid,  and  acetate  of  alumina  obtained  (see  p.  263).  The  lime 
saponification  process  has  been  in  a  great  measure  thrown  into  tne  background  since  the 
invention  of  the  far  more  profitable  saponification  process  with  sulphuric  acid  and  super- 
heated steam. 

""'^SSTuSm.''****  ^-  Saponification  Process  with  a  Smaller  Quantity  of  Lime  and 
the  Application  of  SuperJteated  Steam. — De  Milly  has  essentially  changed  the  pro- 
cess of  the  saponification  of  the  neutral  fats ;  he  found  that  the  quantity  of  lime 
used  in  the  saponification,  which  in  his  works  at  Paris  had  been  already  diminished 
from  14  to  8  or  9  per  cent  of  the  quantity  of  the  fats,  could  be  decreased  even  to 
4  or  to  2  per  cent,  provided  the  mixture  of  lime-water  and  fatty  matter  was  heated  to 
a  higher  temperature  than  that  usually  employed.  De  Milly  put  into  a  steam  boiler 
2300  kilos,  of  tallow  and  20  hectolitres  of  milk  of  lime,  which  contained  either 
50  kilos,  of  lime  =  2  per  cent,  or  69  kilos.  =  3  per  cent,  after  which  this  mixture  was 
heated  to  172°  by  means  of  steam,  having  a  temperature  of  182°  =  10  atmospheres,  or 
150  lbs.  pressure  per  square  inch.  The  result  was,  that  after  seven  hours  the  saponi- 
fication was  complete,  the  contents  of  tlie  boiler  consisting  partly  of  an  aqueous 
solution  of  glycerine,  partly  of  a  mixture  of  free  fatty  acids,  and  a  small  quantity  of 
a  lime-soap.    The  boiler  having  been  emptied  was  again  filled,  and  the  operation 
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repeated,  so  that  in  twenty-fonr  hours  6900  kilos,  of  tallow  could  be  operated  upon. 
It  is  evident  tliat  this  method  of  saponification  is  very  profitable,  in  consequence  of 
requiring  much  less  sulphuric  acid  for  decomposing  the  lime-soap. 

Several  opinions  have  been  enunciated  explanatory  of  this  process ;  but  if  we  bear 
in  mind  (i)  that  kind  of  action  which  Berzelius  designated  as  catalytic,  where  a 
comparatively  very  small  quantity  of  any  substance  may  call  forth  a  decompositioii 
under  favourable  conditions  of  a  very  large  quantity  of  another  substance;  and 
(2)  recollect  that  Wright  and  Fouch6  have  more  recently  (De  Milly's  experiments 
were  made  about  twenty-five  years  ago)  found  that  water  at  a  high  temperature 
causes  the  dissociation  of  &its  and  oils  into  glycerine  and  fatty  acids,  it  is  dear  that 
while  the  small  quantity  of  lime  may  have  facilitated  the  saponification,  the  result 
obtained  by  De  Milly  is  mainly  due  to  the  very  high  temperature  of  the  water 
employed  in  tlie  operation.  Tliis  is  clearer  from  the  fact  that  a  process  of  saponifi- 
cation is  successfully  in  use  based  solely  upon  the  application  of  water  at  a  high 
temperature. 

"•'^sSjhSc^'L Yi""  "*'  ni-  Saponification  by  Means  of  Sulphuric  Acid  and  Subse- 
quent IHstill^tion  by  Means  of  Ste/im. — ^It  was  known  to  Achard,  in  the  year  1777, 
that  the  neutral  fats  are  decomposed  by  concentrated  sulphuric  acid  in  a  manner 
similar  to  the  decomposition  effected  by  caustic  alkalies.  This  fact  was  again 
brought  forward  in  1821  by  Caventon,  and  1824  ^7  Chevreul,  but  was  not  scientifi- 
cally investigated  until  1836  by  Fr6my,  and  not  industrially  applied  until  the  year 
1 84 1,  when  Dubrunfaut  introduced  the  distillation  of  the  fatty  acids  on  the  large 
scale.  The  crude  fatty  matter  usually  submitted  to  this  process  of  saponification  is 
of  the  kind  that  cannot  be  saponified  by  the  lime  process  by  reason  of  its  impurities; 
thus,  for  instance,  palm  and  cocoa-nut  oU,  bone  and  marrow  fat,  fat  of  slaughter- 
houses, kitchen-stuff,  the  products  of  the  decomposition,  by  means  of  sulphuric  acid, 
of  the  soap-water  obtained  from  wool-spinning  and  cloth-making  works,  residues  of 
the  refining  of  fish  and  other  oils,  residues  of  tallow-melting,  &c. 

This  process  of  Baponification  by  means  of  sulphuric  acid  as  carried  on  in  the  large 
establishment  for  stearine  caDdle-makiug  of  Leroy  and  Durand,  at  Gentilly,  near  Paiis, 
consists  of  three  operations,  viz. : — 

a.  Saponification  with  sulphuric  acid. 

/3.  Decomposition  of  the  products  of  saponification. 

7.  Distillation  of  the  fatty  acids. 

a.  In  order  to  eliminate  the  greatest  impurities  first,  the  crude  fatty  matters  are 
molten  and  kept  in  the  liquid  state  for  some  time,  so  that  the  coarser  impurities  may  sub- 
side. The  fatty  matters  are  then  transferred  to  a  kind  of  boiler  made  of  iron  boiler-plates 
lined  inside  with  lead,  and  fitted  with  a  stirring  apparatus  and  a  steam-jacket,  connected 
by  means  of  pipes  with  a  steam-boiler,  so  that  the  apparatus  may  be  heated.  Into  this 
vessel  sulphuric  acid  at  66*^  B.  =  1*8  sp.  gr.,  is  poured,  the  quantity  of  this  fluid  being 
regulated  according  to  the  nature  of  the  fatty  matters  operated  upon.  Kitohen-stuif,  fat 
from  slaughter-houses,  and  the  like  require  12  per  cent  of  their  weight  of  acid ;  palm  oil 
requires  from  6  to  g  per  cent  sccording  to  quality.  The  fatty  substances  having  been  put 
into  the  vessel,  the  stirring  apparatus  is  set  in  motion,  and  the  steam  turned  on  for  the 
purpose  of  supplying  heat  to  the  vessel.  The  temperature  to  which  the  vessel  is  heated 
varies,  in  Price's  Works,  Battersea,  being  lyj",  while  at  Gentilly,  the  heat  is  seldom  higher 
than  from  1 10°  to  1 15**.  During  the  operation  the  mass  foams,  becomes  brown,  and  evolves 
sulphurous  acid,  partly  due  to  the  action  of  a  portion  of  the  concentrated  sulphuxjc  add 
upon  the  glycerine,  partly  to  its  action  upon  the  impurities  present  among  the  fatty 
matters.  The  neutral  fat  is  converted  into  a  mixture  of  sulpho-fatty  acids  and  sulpho- 
glyceric  acid.  The  saponification  is  complete  after  some  fifteen  to  twenty  hours'  appli- 
cation of  heat.  According  to  De  Milly's  new  process  (1867)  the  tallow  is  heated  to  xio*, 
along  with  6  per  cent  ol  sulphuric  add,  and  the  action  of  the  latter  is  limited  to  two  to  thieo 
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minutes;  it  is  thereby  possible  to  obtain  80  per  cent  of  the  solid  fatty  acids  in  a  condition 
at  once  fit  for  making  candles  without  re-distillation,  only  20  per  cent  having  to  be 
distilled. 

/3.  Decomposition  of  the  products  of  the  sulphuric  acid  saponification.  The  mass  is 
left  to  cool  for  three  to  four  hours  and  is  next  transferred  to  large  wooden  tanks 
lined  with  lead,  and  previously  filled  one-third  with  water.  At  the  bottom  of  these  tanks 
steam  pipes  are  fitted,  by  means  of  which  the  flaid  contents  of  the  vessel  are  soon  heated 
to  loo**.  The  sulphuric  acid  and  the  fatty  acids  are  dissociated,  and  these  bodies,  partly 
combined  with  a  larger  quantity  of  hydrogen  and  oxygen  than  was  present  in  the  fatty 
acids  from  which  they  were  formed,  partly  also  in  an  unaltered  condition,  are  found 
floating  on  the  surface.  After  having  been  repeatedly  triturated  with  boiling  water,  the 
fatty  acids  are  tapped  or  poured  over  into  a  vessel  filled  with  water  heated  to  40°  to  50^, 
for  the  purpose  of  allowing  the  impurities  to  become  deposited.  The  clarified  fatty  acids 
are  next  heated  in  a  vessel  placed  on  an  open  fire  in  order  to  evaporate  all  the  water,  after 
which  they  are  submitted  to  distillation. 

y.  The  distillation  requires  several  precautions.  Distillation  with  an  open  fire  would 
convert  the  fatty  acids  into  oil,  gas-tar,  and  a  carbonaceous  residue,  if  the  heat  were 
sufficiently  high.  But  when  the  temperature  is  properly  regulated,  the  fatty  acids 
are  protected  from  the  direct  action  of  the  fire.  Air  should  be  completely  excluded  from 
the  distilling  apparatus.  With  these  precautions  the  fatty  acids  distil  over  without 
undergoing  any  essential  alteration.  These  conditions  are  complied  with  by  the  use  of 
superheated  steam  at  a  temperature  of  250*"  to  350°.  The  fatty  acids  are  put  into  a  roomy 
retort  supported  by  brickwork,  and  fitted  with  a  steam  tube  as  well  as  a  condensing  tube 
connected  with  a  receiver,  in  which  the  fatty  acids  are  collected. 

When  the  several  fatty  acids  are  fractionally  collected  from  the  beginning  to  the  end  of 
the  distillation  their  melting-points  are : — 

From  Palm  Oa.  ^^'3  Bone  fJ.'"" 

xst  product      54'5'*  44*o 

2nd  „  52-0*  41*0 

3rd  „  480'*  41-0 

4th  „  460'  42-5 

5th  „  44-o»  44-0' 

6th  „  41-0''  45*0' 

7th  „  39-5^  410*' 

The  water  condensed  with  the  fatty  acids  runs  off  from  the  receiver  through  a  tap.  At 
the  beginning  of  the  operation  the  water  constitutes  half  of  the  produce  ;  towards  the  end 
only  about  one-third.  With  a  retort  capable  of  containing  looo  to  i  loo  kilos,  of  material 
the  distillation  takes  some  twelve  hours.  The  end  of  the  operation  is  indicated  by  the 
coming  over  of  coloured  products.  Thei^e  remains  in  the  retort  a  black  tarry  matter,  the 
quantity  of  which  amounts  in  the  case  of  palm  oil  distillation  to  2  to  5  per  cent,  and  for 
kitchen-stuff  to  5  to  7  per  cent.  This  residue  is  not  removed  after  each  distillation  but 
left  in  the  retort  until  it  has  accumulated  to  such  an  extent  as  to  render  its  removal 
necessary.  The  first  products  of  the  distillation  of  palm  oil  saponified  by  means  of  fatty 
acids  are  so  solid,  that  by  pressure  they  do  not  yield  any  fluid  acid,  and  are  at  once  fit  for 
the  manufacture  of  candles.  The  products  which  come  over  afterwards  are  further 
purified  by  hydraulic  pressure,  re-melting,  and  washing  with  water.  The  substance 
obtained  by  pressure,  more  or  less  pure  oleic  acid,  is  used  for  soap-making  only  in  this 
country,  although  abroad  it  is  burnt  in  some  kinds  of  lamps.  The  oleic  acid  obtained  by  this 
process  is  essentially  different  from  that  obtained  by  the  lime  saponification  "process.  The 
quantities  of  fatty  acids  obtained  by  this  process  of  saponification  are  the  following : — 

From  Suint 47  to  55  per  cent. 

„     Olive  oil  residues      47  to  50       „ 

„     Palm  oil      75  to  80       „ 

„     Fat  from  slaughter-houses      . .      . .  60  to  66       „ 

„     Oleic  acid 25  to  30       „ 


Oleic  acid 25  to  30 

CMoride  of  zinc,  which  in  many  respects  (see  p.  81)  is  similar  in  its  action  to  sulphuric 
acid,  has  been  proposed  as  a  substitute  for  the  latter.  For  countries  into  which  sulphuric 
acid  has  to  be  imported  chloride  of  zinc  might  be  of  greater  advantage,  being  capable 
of  recovery  and  less  dangerous  and  difficult  in  transport.  When,  according  to  the 
researches  of  L.  Kraft  and  Tessi^  du  Motay,  a  neutral  fat  is  heated  with  anhydrous 
chloride  of  zinc,  a  complete  incorporation  of  these  substances  takes  place  between  150** 

3  c 
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And  200* ;  and  by  oontinning  the  heating  for  some  time,  and  washing  the  materials  with 
warm  water,  or  better  with  water  aoidulated  with  hycbroohloric  aoid,  there  ie  obtained 
a  fatty  matter,  which  on  being  submitted  to  distillation,  j^olds  the  corresponding  fatty 
acid,  while  only  a  small  quantity  of  aoroleine  is  formed.  The  chloride  of  zino,  beooming 
soluble  in  the  water  used  for  washing,  may  be  recovered  by  evaporating  the  fluid.  The 
yield  of  fatty  acids  by  this  process  is  the  same  as  that  obtained  by  the  use  of  sulphurio 
acid,  while  the  fatty  adds  also  agree  as  to  their  physical  properties.  The  quantity 
of  chloride  of  zinc  required  amounts  to  8  to  X2  per  cent  of  the  fat. 

^S?hjSS  PwlSiS.*'*'  ^'  Some  dxteen  years  ago  another  agent,  capable  of  bringing 
about,  in  a  manner  similar  to  alkalies  and  acids,  the  dissociation  of  hktty  matters  into 
glycerine  and  fatty  acids,  was  introdaced,  this  agent  being  simply  superheated  steam 
at  high  pressure : — 

Tripahnitine.         Water.   Glycerine.         Palmitic  add. 

The  idea  of  submitting  fatty  matters  to  a  similar  method  of  treatment  is  not  a  new 
one,  for  in  the  researches  of  Appert  (1823)  and  Manider  (1826)  some  hints  are  given 
on  the  decomposition  of  fats  by  means  of  superheated  water ;  but  the  aim  of  these 
technologists  was  different,  for  in  their  experiments  they  employed  steam  to  separate 
the  tallow  from  the  cellular  tissue  it  is  contained  in,  and  for  that  purpose  a  tempera- 
ture of  115°  to  121"  was  quite  sufficient,  while  at  a  temperature  of  180^  and  a^  pressure 
of  10  to  15  atmospheres  (=  150  lbs.  to  225  lbs.  pressure  to  the  square  inch)  water 
can  exert  a  far  more  energetic  action  upon  the  neutral  £ats,  dissociating  them  and 
thus  setting  free  their  constituents.  The  knowledge  of  this  interesting  fioct  is  due  to 
the  researches  of  Tilghmann  and  Berthelot,  who  almost  simultaneously  made  this 
discovery  in  the  year  1854,  while  shortly  after  Melsens,  at  Brussels,  obtained  the 
same  result.  As  regards  the  industrial  application  of  this  discovery,  Tilghmann  and 
Melsens  made  farther  researches ;  their  modes  of  operating  are  very  similar. 

Tilghmann  adds  to  the  neutral  fat  about  to  be  decomposed  one-third  to  one-half 
of  its  bulk  of  water,  and  pours  this  mixture  into  a  sufficiently  strong  vessel  in  which 
the  fluids  can  be  submitted  to  the  action  of  heat,  viz.,  a  degree  nearly  as  high  as  the 
melting-point  of  lead,  320''.  This  vessel  is  so  arranged  that  during  the  operation  it 
can  be  closed  so  as  to  prevent  on  the  one  hand  the  evaporation  of  water,  and  on  the 
other  admit  of  a  suffidently  strong  pressure.  The  process  is  carried  on  continuously 
by  causing  the  fluids  to  circulate  through  a  tube  heated  to  the  required  temperature. 
Melsens  uses  a  Papin's  digester,  in  which  the  fat  to  be  decomposed  is  heated  to  180"*  to 
200^  with  10  to  20  per  cent  water,  to  which  i  to  10  per  cent  of  sulphurio  add  hasbeen 
added.  Wright's  and  Fouch6's  apparatus  consists  of  two  hermetically  elosed  copper 
vessels  placed  one  above  the  other  and  connected  together  by  means  of  two  tubes,  one 
of  which  reaches  nearly  to  the  bottom  of  the  lower  vessel,  and  ends  in  the  i^pper  one 
just  above  the  bottom. 

The  second  tube  is  fixed  into  the  lid  of  the  lower  vessel  and  passes  thron|^  the 
upper  vessel  reaching  nearly  to  its  cover.  The  upper  vessel  is  the  steam-genento, 
while  the  decomposition  goes  on  in  the  lower  vessd.  When  it  is  intended  to  wuk 
with  this  apparatus,  tlie  steam-generator  is  filled  with  water  nearly  to  the  point  si 
which  the  first  tube  eiids  in  it.  The  second  vessd  is  then  filled  with  molten  &t  so 
that  this  material  reaches  the  top  of  the  second  tube.  There  renudns  thns  a  firee 
space  between  the  fat  and  the  lid  of  the  second  vessel,  which  apaoe  is  tanned  by  the 
patentees  ehambre  cTexpansion,  expandon  room.    Heat  being  applied  to  the  generator, 
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the  steam  formed  is  carried  by  the  seoond  tube  into  the  expansion  room,  and 
becoming  condensed  forces  it  way  downwards  throngh  the  specifically  lighter  fat 
and  flows  through  the  first  tube  again  into  the  generator.  In  this  manner  the 
nentral  fat  is  intimately  mixed  at  a  high  temperatore  and  nnder  high  pressure  with 
water,  and  completely  dissociated  in  a  short  time  into  fatty  acid  and  glycerine. 

KurafMtaMofnitty  Aeids      V.  Allied  to  the  prooess  just  deseribed  is  the  operation  carried 
"^iSISiSdSSlSlSS?    ^^   ^y  *^«  weU.fcQOwn   Price's   Candle   Company,   Limited,  at 
DiiiiUAtioii.  Battersea.    Gay-Lnssao  and  Dubronfant  have  already  tried   to 

apply  to  industrial  pnrposes  the  fact  that  neutral  fats  are  dissociated  by  distillation, 
yielding  fatty  adds ;  but  notwithstanding  that  these  tavants  employed  steam,  the  results 
obtained  did  not  answer  the  expectation,  because  a  portion  of  the  fatty  matter  was 
decomposed,  yielding  acroleine  and  leaving  a  oarbonaceons  residue.  Wilson  and  Gwynne 
were  more  successful  with  their  experiments,  and  by  using  a  distilling  apparatus  similar 
to  that  described  on  p.  62^,  th^  obtained  by  means  of  superheated  steiun  the  complete 
dissociation  of  the  neutral  fats  mto  fatty  acids  and  glycerine ;  while  by  closely  watching 
and  regulating  the  temperature,  they  not  only  could  completely  saponify  the  neutral  fats, 
but  also  distil  the  fatty  acids  and  glycerine  over  without  undergoing  any  decomposition. 

The  retorts  have  a  cubic  capacity  of  60  hectolitres,  and  are  heated  by  direct  fire  to  a 
temperature  of  290*  to  3x5*.  A  malleable  iron  steam-pipe  conveys  steam  at  a  tempe- 
rature of  315"  into  the  molten  fatty  matter.  The  admission  of  steam  is  continued  for 
twenty-four  to  thirty-six  hours  according  to  the  kind  of  fat.  The  saponification  proceeds 
regularly  and  the  products  distU  over  and  are  collected  at  the  lower  aperture  of  the 
cooling  apparatus.  The  fatty  acids  are  at  once  fit  for  candle  making  purposes,  while  the 
glycerine  is  purified  by  a  subsequent  distillation  with  steam.  As  already  mentioned,  the 
proper  temperature  has  to  be  scrupulously  maintained,  for  if  the  temperatnre  falls  below 
310**,  the  saponification  proceeds  very  slowly;  but  if  the  temperature  rises  much  above 
that  degree,  a  portion  of  the  fatty  substance  is  decomposed  and  acroleine  is  formed  in 
large  quantity. 

OMuOa  icaunf .  B.  The  wick  is  a  very  important  portion  of  stearine  candles,  and, 
indeed,  of  all  kinds  of  candles,  because  in  the  interstices  of  the  wick  the  molten  f&tty 
matter  of  the  candle  is  drawn  upwards  to  the  flame.  The  wick  ought  therefore  to 
consist  of  porous  substances,  and  in  the  case  of  candles — ^for  lamps  it  is  not  so  requi- 
site—it should  be  combustible. 

It  is  essential  that  the  wick  be  of  uniform  thickness  through  its  entire  length  and 
free  from  knots  or  loose  threads.  The  yam  ordinarily  used  for  making  wicks  is'the 
lightly- twisted  cotton  thread  known  in  the  trade  as  No.  16  to  20  for  tallow  candles, 
and  No.  30  to  40  for  stearine  candles.  It  is  evident  that  the  more  uniform  the  wicks 
the  better  fitted  they  are  for  capillary  action,  and  hence,  provided  the  illuminating 
material  be  pure  enough,  a  uniform  combustion.  Formerly  the  wicks  were  always 
twisted,  and  for  tallow  and  wax  candles  this  is  still  frequently  the  case,  the  single 
threads  being  placed  next  to  each  other  and  then  turned  so  as  to  form  a  very  elon- 
gated spiraL  In  order  to  obviate  the  snuffing  of  the  burning  candles,  Cam- 
bac^res  introduced  the  plaited  wicks,  which,  while  burning,  become  so  twisted  that 
the  end  of  the  portion  of  the  wick  which  protrudes  from  the  tallow  or  stearine  is  kept 
just  outside  the  flame,  so  that  it  may  be  oonsnmed  to  ash  by  the  ambient  air. 
Before  the  wick  can  b^  used  in  candles  it  has  to  be  prepared,  because  unprepared 
wick  leaves  by  its  incomplete  combustion  a  considerable  quantity  of  a  carbonaceous 
residue  which  greatly  impairs  the  capillary  action.  When  stearine  candles  were 
first  made  it  became  necessary  to  impregnate  wicks  with  substances  which  should 
promote  the  combustion,  and  De  Milly  found  (1830)  that  boracic  and  phosphoric 
acids  would  answer  this  purpose,  because  these  acids,  while  combining  with  the 
constituents  of  the  ash  of  the  wick,  caused  the  ash  to  form  at  the  top  of  the  burning 
wick  a  glass  bead,  which  by  its  wei^t  turned  the  wick  out  of  the  flame,  thereby 
increasing  the  combustibility.    In  the  French  candle  fiiotories  the  wicks  to  be 
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prepared  are  put  for  three  consecutive  honrs  into  a  solution  of  z  kilo,  of  boradc  acid 

in  50  litres  of  water.    Tlie  previously  plaited  wicks  are  next  either  wrung  out  or  put 

into  a  centrifugal  machine  to  get  rid  of  the  first  excess  of  moisture,  alter  which  they 

are  dried  by  being  placed  in  a  jacketted  tinned-iron  box,  which  is  heated  by  means  of 

steam.     Some  alcohol  should  be  added  to  the  aqueous  solution  for  the  purpose  of 

wetting  the  wicks  more  perfectly.    Payen  recommends  a  pickling  liquor  for  wicks, 

composed  of  a  solution  of  5  to  8  grms.  of  boracic  acid  in  i  litre  of  water,  to  which 

3  to  5  per  mille  of  sulphuric  acid  is  added.   In  some  Austrian  stearine  candle  fEUstories 

phosphate  of  ammonia  is  used  to  impregnate  the  wicks;  while  Dr.  Bolley  calls 

attention  to  the  use  of  a  solution  of  sal-ammoniac  at  2°  to  3^  B.  as  a  cheap  pickling 

for  wicks. 

Moulding  um  candiet.  The  blocks  or  cftkes  of  Bteario  acid  obtained  as  described  are  not 
sufficiently  pure  for  moulding.  The  edges  of  the  blocks  are  often  more  or  less  eolouxed 
and  soft,  owing  to  some  oleic  acid  not  having  been  pressed  out,  while  the  surface  of  the 
blocks  is  contaminated  with  oxide  of  iron  and  the  hair  of  the  press-bags.  In  order  to 
purify  the  blocks  or  cakes  (in  this  country  they  frequently  weigh  from  x|  to  3  owta.)  the 
edges  are  pared  off  and  the  surface  is  scraped,  the  refuse  so  obtained  being  again  sub- 
mitted  to  hot-pressing.  The  blocks  thus  treated  are  next  put  into  tube  lined  with  lead, 
and  dilute  sulphuric  acid  of  3**  B.  «  1*020  sp.  gr.  having  been  poured  over  them,  the  fluid 
is  heated  by  means  of  steam,  the  aim  of  th^  operation  being  to  remove  oxide  of  iron  and 
destroy  the  fibres  of  the  press-bag,  and  not,  as  is  sometimes  stated,  to  decompose  the  last 
traces  of  stearate  of  lime,  which  of  course  cannot  be  present.  "When  the  action  of  the 
sulphuric  acid  has  been  continued  for  a  sufficient  time,  it  is  run  off  and  the  last  trace  of 
the  acid  removed  by  washing  the  stearic  acid,  of  course  again  molten,  with  boiling  water. 
The  molten  stearic  acid  is  then  clarified  by  means  of  a  certain  quantity  of  white  of  egg, 
which  is  thoroughly  stirred  through  the  molten  mass  heated  to  the  boiling-point  of  the  water 
mixed  with  it.  The  impurities  which  become  mixed  and  incorporated  with  the  white  of 
egg  settle  at  the  bottom  of  the  vessel.  The  great  tendency  of  the  stearic  add  to  crystal- 
lise in  large  foliated  crystals  caused  at  the  commencement  of  the  stearine-oandle  making 
business  a  difficulty,  candles  of  unequal  transparency  as  well  as  of  great  brittleness  being 
obtained.  The  defect  was  remedied  by  the  addition  of  a  small  quantity  of  arsenious  acid, 
but  as  this  proved  detrimental  to  health  (arseniuretted  hydrogen  as  w^  as  some  arsenious 
acid  being  evolved  during  the  burning  of  such  candles),  the  use  of  this  acid  was  abroad 
prohibited  by  law,  and  in  England  condemned  by  public  opinion.  Instead  of  the  use  of 
arsenious  acid,  some  2  to  6  per  cent  of  white  wax  has  been  added  to  the  stearic  acid 
while  molten,  continuaUy  stirring  until  nearly  solidified  previous  to  pouring  the  stearic 
acid  into  the  candle-moulds  previously  heated  to  the  melting-point  of  tibie  stearine. 
By  the  cooling  and  stirring  a  kind  of  fluid-fat  paste  was  obtained  which  does  not  ciys- 
tfldlise.  Now  some  20  per  cent  of  paraffin  is  added  to  the  stearic  add,  and  its  tendency  to 
crystallise  altogether  suspended. 

The  candle-moulds  are  made  of  an  alloy  of  tin  and  lead,  usually  consisting  of  20  parts 
of  tin  to  10  of  lead.  The  moulds  are  narrow,  somewhat  coniceJ  tubes,  highly  polished 
internally  in  order  to  impart  a  smooth  surface  to  the  candles.  The  wick  is  fixed  in  the 
longitudinal  axis  of  the  moulds,  being  fastened  at  one  end  (the  top  of  the  finished  candle) 
in  a  small  hole  at  the  bottom  of  the  moald,  and  at  the  other  end  fastened  to  a  funnel,  through 
which  the  fatty  acid  is  poured  into  the  mould.  The  shape  of  the  moulds  used  in  the 
French  stearine  candle  works  is  exhibited  in  Fig.  269.  a  is  a  mould  consisting  of  two 
parts,  viz.,  the  mould  proper  and  the  funnel,  b  exhibits  these  two  parts  fitted  together, 
and  c  a  longitudinal  section  with  the  wick  inserted,  while  d  is  the  wire  hook  with  which 
the  wick  is  passed  through  the  mould.  For  the  moulds  now  genarally  used  one  mouldin^- 
basin  or  box  is  employed  to  contain  thirty  moulds.  This  basin  or  moulding-box  is 
exhibited  in  Fig.  270.  a  d  is  a  large  sheet-iron  or  tinned  box  in  which  the  moulds  are 
placed.  This  box  is  fitted  into  another  of  similar  shape,  b  b,  which  by  means  of  steam  is 
kept  at  a  temperature  of  joo°*  As  soon  as  the  moulds  are  heated  to  45°,  the  box  ▲  n  is 
removed  from  b  b,  and  the  molten  stearic  acid  is  poured  into  the  moulds.  "When  the 
moulds  and  the  candles  contained  have  become  quite  cold,  the  latter  are  removed.  Now 
moulding  machines  are  generally  employed,  so  tiiat  this  operation  is  performed  uninter- 
ruptedly, the  construction  of  these  machines  being  such  that  the  reeled  wick  is  drawn 
through  the  moulds  while  the  candles  remain  joined  together  by  a  ^ort  piece  of  wick 
until  after  the  moulding  is  complete,  the  candles  when  cold  being  taken  from  the  moulds 
and  the  wicks  cut  through  to  separate  them.  Cahouet's  and  Morgane^s  fniflhinsi  are 
chiefly  used. 
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Batora  the  iteuliie  Madlea  are  pared  and  poliabed  the;  are  In  loms  worki  bleaohed  by 
being  exposed  to  the  aotion  of  the  Ban's  rays  and  to  dew  in  open  air.  The  candlea 
are  carried  to  the  bleaehing-groimd  by  meehanioal  eelf-aeting  means,  consiBtiiig  of  a  cloth 
irithont  end,  and  which  it  conneeted  with  a  slightly  sloping  table,  npon  which  the  candlea 
Are  plaoed.  and  caught  b;  the  eloth,  which  is  fitted  with  a  series  of  roimded  wooden  lalha 
fastened  acrosE  the  cloth,  whereby  the  candles  are  held  in  position.  For  the  purpose  ot 
exposing  the  candles  to  the  aotion  of  the  air  they  are  plaoed  on  a  frame-work  sinular  to 
that  ot  a  table,  instead  of  the  top  ot  whieh  are  stretohed  two  teitnres  of  lead-wire,  each  of 
these  textnrea  in  a  horizontal  plane  digtant  from  each  other  aboat  half  the  height  of  a 
Mndle,  The  meahea  of  the  upper  wire  net  are  so  wide  that  a  candle  can  be  passed  throngh 
U,  while  the  meahea  of  the  lower  wire  net  are  narrower.  The  oondles  are  one  bj  one  put 
Into  the  meahea,  the  pointed  portions  of  the  candles  being  plaoed  upwards,  while  the  base 
teeta  on  the  lower  wire  net.  In  this  position  the  candlea  are  left  for  some  time  aceording 
to  the  saaBon  of  the  year.  When  bleoohed  the  eandlei  are  pured  and  polished  hj 
VUahinerr. 

cdiawauOH.  a.  Beflned,  pnrifled  tallow  ia  need  for  making  the  dip  aa  well  as  the 
moulded  tallow  eandles.  The  dips  are  made  by  the  repeated  immeniDn  of  the  wick*  in 
molten  tallow.  On  the  imall  scale  thia  operation  is  performed  in  the  following  manner ; — 
The  tallow  trough  hanng  been  HUod  with  molten  tallow,  the  wicks  looped  on  a  wooden  or 


thin  iron  rod  are  Immeraed  in  the  tallow.  According  to  the  weight  it  is  desired  to  give  (a 
the  candles,  from  sixteen  to  ei^teen  wicks  are  looped  on  to  the  dipping-rod,  care  being 
taken  to  place  them  as  maoh  aa  posEdble  equidistant  from  each  other ;  this  done  the  wioka 
are  dipped  Tertically  into  the  molten  tallow.  At  the  first  dip,  when  the  wioks  are  to  be 
soaked,  the  molten  tallow  shonld  be  hot,  beoanse  hot  tallow  penetrates  more  readily  into 
the  insterstices  of  the  cotton.  Alter  the  first  dip  the  dip-rods  are  plaoed  on  the  edge  ol 
the  tallow  trough,  and  next  alternately  hmig  oyer  the  dripping  (tame  after  the  somewhat 


over  the  tallow  trongh  or  another  snitable  Teasel.    When  all  the  wioks  looped  o_ 

dipping-rods  haTc  received  their  first  dip,  and  the  tallow  in  the  trough  has  been  so  far 
oeoied  as  lo  begin  to  exhibit  at  the  sides  of  the  Teasel  signs  ot  solidification,  the  second 
dip  is  proceeded  with  and  the  operation  oontinned  tmtil  ths  candlea  have  assnmed  the 
desired  thiokneas.  As  the  lower  portion  of  the  candle*  wonld  become  frequently  thicker 
than  the  tipper,  this  defect  ia  ofaTiated  by  keeping  the  lower  end  of  the  candle  tor  a 
moment  in  the  molten  tallow,  so  that  the  exeee*  adhering  to  the  candle  may  be  molten  oil 
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BgaiiL  In  order  to  keep  the  tallow  in  the  trough  at  a  uniform  degree  of  fluidity  it  is 
now  and  then  stixred  with  a  wooden  rod.  At  the  last  dip  the  candles  are  put  into  the 
trough  at  a  somewhat  greater  depth  in  order  to  form  the  upper  conical  portion.  The 
lower  end  of  the  candles  exhibits  a  non-symmetrical  cone,  which  is  either  ent  away  or 
remoyed  by  placing  the  candles  for  a  moment  on  a  copper  plate  heated  by  steam  and 
provided  with  a  channel  for  mnning  off  the  molten  taUow. 

Motdded  tallow  candles  are  made  in  a  similar  manner  to  stearine  candles.  The  tallow 
nsed  for  the  moulded  candles  is  usually  of  better  quality  than  that  used  for  dip  candles, 
at  least  on  the  continent  of  Europe ;  not  so  in  England  and  America,  where  very  highly 
refined  tallow  is  used  for  dips  by  the  better  dass  of  makers,  the  thus  refined  tallow  being 
harder  owing  to  the  mode  of  purifjdng.  "What  are  termed  composite  candlee  (unknown 
on  the  Continent)  are  made  by  precisely  the  same  method  as  the  moulded  stearine 
candles,  the  wicks  also  being  plaited.  Moulded  taUow  candles  have  been  entirely  super- 
seded by  composites,  excepting  that  in  some  of  the  central  parts  of  Europe,  locally 
moulded  tallow  candles  are  here  and  there  made.  One  of  the  largest  London  finus  states 
that  the  manufacture  of  candles  (almost  all  moulded,  viz.,  compositeB,  stearine, 
parafiELn,  ozokerite,  spermaceti),  for  exportation  from  this  country  to  all  parts  of 
tiie  world,  is  increasing  to  such  an  extent  that  the  candle  making  business  in  Bossia, 
Turkey,  Greece,  Italy,  Spain,  Portugal,  Sweden,  and  Norway,  is  becoming  rapidly 
extinct,  not  being  capable  to  compete  on  the  small  scale  with  the  large  makers  in  tbi« 
country  and  in  France,  where,  however,  the  late  lamentable  events  have  very  seriously 
interfered  with  this  branch  of  industry. 

PMaiBa  oudiM.  Paraffin  is  obtained  from  native  petrolemn  (Rangoon  oQ)  or  from 
among  the  products  of  the  dry  distillation  of  peat,  brown  coal,  lignite,  bituminous 
slates,  boghead  mineral  or  ozokerite  (a  peculiar  mineral,  wax-like,  and  yielding 
paraffin — ^it  occurs  in  Galicia  and  Bohemia  in  large  quantities)  It  is,  after  having 
been  purified,  the  substance  from  wliich  the  beautiful  paraffin  candles  are  made  by 
precisely  the  same  methods  and  apparatus  as  are  used  and  have  been  described  for 
stearine  candles.  The  parafiin  employed  for  making  candles  is  a  mixture  of 
paraffins  having  different  melting-points. 

Paraffin  obtained  from  boghead  coal  fuses  at  45*5"^  to  52^ 

„    brown  coal  „  560** 

„    peat  „  467' 

„    Rangoon  oil  or  tar    „  6 10' 

ozokerite  „  65'5** 

As  the  German  paraffin  candle  makers  use  almost  exclusively  a  paraffin  from 
bro^n  coal  (lignite),  and  peat,  and  o£  a  comparatively  low  melting-point  (45®  to  53"), 
stearic  acid  is  added  for  the  purpose  of  raising  the  temperature  at  which  the 
paraffin  melts.  The  quantity  of  stearic  acid  (technically  stearine)  added,  depends  as 
much  upon  the  point  of  fusion  of  the  paraffin  as  upon  the  season  of  the  year, 
summer  candles  being  made  with  a  larger  quantity  of  stearine  than  winter  candles. 
The  quantity  of  stearine  thus  added  to  paraffin  amounts  to  3  to  15  per  cent,  while  as 
already  mentioned,  paraffin  to  an  amount  of  15  to  ao  per  cent  is  added  to  stearine 
eandles.  A  small  quantity  of  stearine  is  always  added  to  parafiin  candles  for  the 
purpose  of  preventing  these  candles  becoming  bent  while  standing  in  a  candlestick. 

The  first  paraffin  candles  ever  made  were  manufactured  by  Messrs.  Field,  of  Lam- 
beth, from  paraffin  extracted  from  Irish  peat,  now  very  many  years  ago,  long 
before  paraffin  was  seen  or  known  elsewhere  than  as  small  specimens  in  nhmnj^l 
laboratories.  Paraffin  candles  are  always  moulded,  and  the  moulds  are  heated 
to  above  the  melting-point  of  the  parafi^  (6o%  or  better  even  70^,  in  order  to  pre- 
vent the  paraffin  crystallising.  The  molten  paraffin  is  heated  to  about  60^  when  it  is 
oast  into  the  moulds;  these  when  well  filled  are  left  standing  for  a  moment  and  than 
cooled  by  immersion  in  cold  water,  whereby  the  candles  suddenly  solidify,  and  aie 
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thus  preTcnted  becoming  crystalline  and  opaque,  instead  of  transparent'  as  desired. 
Plaited  wicks  are  used  in  the  paraffin  candles,  and  these  wicks  are  treated  with 
boradc  acid.  For  black  paraffin  candles  the  paraffin  is  heated  to  nearly  its  boiling- 
point  with  anacardiom  shells,  the  resin  of  which  is  dissolved  by  the  paraffin, 
the  latter  becoming  very  dark  brown,  and  exhibiting  after  cooling  a  black  colour, 
similar  to  that  of  coals.  These  black  candles  bum  witliout  smoke  or  smell,  provided 
the  wick  be  thin ;  this  is  a  requisite  in  all  paraffin  candles. 

caadiM  from  Fatty  AddL  We  must  not  negloct  to  Call  attention  here  to  a  fatty  aoid, 
sebacylio  acid,  GjoHsO^,  which  might  perhaps  be  used  to  impart  to  paraffin  and  other 
kindB  of  candles  a  higher  melting-point.  This  acid  may  be  obtained  by  the  dry  distilla- 
tion of  oleic  acid,  or  better  by  treating  castor  oil  with  a  highly  concentrated  oanstio  soda 
solution.  In  the  latter  instance,  the  sebaoylio  acid  is  derived  from  the  rioinoleio  acid 
(castor  oil  is  in  Latin  termed  Oleum  Ricini) : — 

/  Sebacylate  of  soda,  GxoHx6Na204  «  246 


Bioinoleio  acid,  Gi8H340« 
Caustic  soda  solution,  aNaOH 


298 
80 


yield 


(  =s  184  fatty  acid.) 
Caprylic  alcohol,  CgHzsO  «  130 

,  Hydrogen,  Ha  1-      a 


378  378 

According  to  these  formuIflB,  100  parts  of  castor  oil  will  yield  rather  more  than  8z  parts 
of  fatty  acid.  This  fatty  acid  is  no  doubt  also  contained  in  the  products  of  the  distillation 
of  the  fatty  substances  formed  by  sulphuric  acid,  the  sebaoylio  acid  being  Ihen  derived  from 
oleic  acid.  The  high  melting-point  (127'')  of  sebacylio  acid  and  its  ready  combustibility 
render  this  body  a  very  fit  material  for  being  mixed  with  readily  fusible  candle  materials, 
and  especially  with  paraffin  of  low  fusion-point  (45°).  Moreover,  this  acid  will  impart  to 
the  candles  hardness  and  gloss.  As  this  acid  further  also  prevents  the  crystallisation  of 
stearic  acid,  it  might  be  usefully  added  to  such  fatty  substances  as  have  a  great  tendency 
to  crystallise ;  an  addition  of  z  to  5  per  cent  of  sebacylic  acid  to  the  candle  materials, 
renders  them  as  hard  as  wax.  The  simultaneous  formation  of  caprylic  alcohol,  which 
can  be  used  for  varnish  and  lacquer  making,  enhances  the  industrial  value  of  sebacylio 
acid ;  still  castor  oil  is  too  expensive  for  this  purpose,  but  the  purification  of  sebaoylio 
acid,  obtained  no  matter  from  what  source,  is  not  easy,  requiring  manipulations  which  on 
the  large  scale  would  become  expensive. 

Wax  GandiML  4.  Wax,  or  morc  particularly  bees'-wax,  is  a  fatty  substance  secreted 
by  the  bees,  and  employed  by  them  for  the  purpose  of  building  the  cells  in  which 
they  preserve  the  honey.  According  to  the  researches  of  J.  Hunter  and  F.  Hubner, 
it  is  now  generally  admitted  that  the  wax-containing  particles  gathered  by  the  bees 
from  fiowers  are  used  exclusively  as  food  for  the  young  brood,  while  the  wax  is  a 
product  of  the  animal  organism  of  the  bees,  and  a  conversion  product  of  sugar.  In 
order  to  obtain  the  wax  the  bees  are  either  killed  or  forced  from  their  dwelling  by 
smoke,  after  wliich  the  honey-containing  cells  or  honeycombs  are  taken  from  the 
hive,  and  the  honey  eliminated  by  pressure,  or  by  being  allowed  to  flow  out  sponta- 
neously. By  washing  in  hot  water  the  wax  is  purified,  and  on  cooling,  the  cakes  of 
yellow  wax  are  obtained,  the  outer  dirty  crust  having  been  removed  by  scraping.  The 
crude  wax  thus  obtained  exhibits  a  more  or  less  yellow  colour,  is  soft  and  readily 
kneaded  at  the  ordinary  temperature  of  the  air,  but  becomes  brittle  at  a  lower  tem- 
perature ;  its  fracture  is  granular ;  specific  gravity  varies  between  0*962  and  0*967 ; 
fusion-point  between  60°  and  62^  While  the  granular  texture  of  the  yellow  wax  is 
due  to  the  impurities  it  contains,  it  is  for  tliat  reason  as  well  as  for  its  unsightly 
colour,  not  suited  for  candle-making,  and  has  therefore  to  undergo  bleaching.  This 
is  performed  in  the  following  manner ; — First,  the  yellow  wax  is  put  into  a  tinned 
copper  cauldron  fiUed  with  boiling  water,  to  which  is  added  0*25  per  cent  of  alum,  or 
cream  of  tartar,  or  sulphuric  add,  and  this  mixture  thoroughly  stirred.  After  a  few 
minutes  the  liquid  is  run  off  into  a  tub  or  cask,  the  impurities  are  left  to  settle,  while 
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the  wax  is  prevented  from  solidifying  by  covering  the  tub  with  a  lid,  and  wrapping 
it  up  in  a  woollen  blanket.  Next  the  wax  is  converted  into  thin  ribbon  by  means  of 
machinery,  in  order  to  increase  the  surface  and  facilitate  the  bleaching  action  of  the 
air  and  light.  The  ribbons  are  placed  on  pieces  of  canvas  stretched  in  frames,  and 
these  are  placed  on  meadows  or  grass-plots  exposed  to  the  action  of  the  son  and  air, 
and  left  until  the  colour  has  disappeared.  In  order  to  bleach  the  interior,  the 
ribbons  are  again  molten  and  again  converted  into  ribbons,  and  this  operation 
repeated  tmtil  the  wax  is  thorouglily  bleached.  The  bleaching  takes,  according  to 
circumstances,  tlie  state  of  the  weather  and  the  kind  of  the  wax  operated  upon,  from 
twenty  to  thirty-five  days,  for  completion.  The  loss  of  weight  of  wax  incurred 
amounts  to  2  to  lo  per  cent.  The  bleached  wax  is  molten  again,  passed  through 
strainers,  and  then  moulded  into  large  square  cakes  or  thin  circular  tablets.  As 
regards  the  bleaching  of  wax  by  artificial  means  (chemical  bleaching)  many 
suggestions  have  been  made,  but  in  practice  these  leave  much  to  be  desired.  The 
application  of  chlorine  and  bleaching-powder  has  the  disadvantage  that  solid  and 
very  brittle  chlorinated  products  are  formed,  and  by  remaining  mixed  with  the  wax 
impair  its  combustive  quality,  and  cause  candles  made  of  such  wax  to  give  off  hydro- 
chloric acid.  The  process  of  bleaching  wax,  patented  in  1859  by  Arthur  Smith,  by 
the  use  of  bichromate  of  potasli  and  moderately  dilute  sulphuric  acid,  answers  very 
well  in  practice ;  the  bleaching  is  performed  in  a  few  hours,  and  wax  by  this  plan  is 
bleached  and  purified  as  perfectly  as  by  exposure  to  air  and  light ;  but  the  toughness 
of  the  wax  is  somewhat  impaired,  so  that  it  is  not  suitable  for  such  purposes  as 
modelling,  flower-making,  &c.  In  reference  to  the  chemical  properties'  of  wax,  John 
first  found  wax  to  be  a  mixture  of  two  substances  differing  from  each  other  by  their 
solubility  in  alcohol ;  one  of  these  substances,  soluble  in  boiling  alcohol,  is  cerotic 
acid,  CayHj^Oa  (formerly  known  as  cerin) ;  the  other  sparingly  soluble  in  alcohol  is 
known  as  m3rricin,  and  consists,  according  to  Brodie,  of  palmitate  of  myricile, 
C46H920a  =  Ci6H3xfC3oH6i)02.  In  addition  to  these  bodies  wax  contains  4  to  5  per 
cent  of  a  substance  fusing  at  28°  and  named  cerolein,  to  which  is  due  the  solidity 
of  wax.  The  relative  proportions  of  cerotic  acid  and  myricin  present  in  bees*-wax 
vary  considerably,  and  this  variation  is  the  cause  of  the  alteration  of  the  fusion- 
point  observed  in  different  kinds  of  wax. 

other  idnda  of  Wax.  I .  Among  the  morc  or  less  wax-like  substances  are  the  following:— 
Chinese  wax,  imported  in  large  quantity  from  China,  is  derived  from  a  peculiar  kind 
of  coccus  insect,  known  entomologically  as  the  Coccus  ceriferus,  which  dwells  on 
certain  trees,  more  especially  the  Bhus  succedanea,  upon  which  it  deposits  a  wax-like 
substance,  in  its  physical  appearance  very  similar  to  spermaceti.  This  quasi-wax 
is  snow-white,  crystalline,  brittle,  fibrous,  and  fuses  at  82**.  When  submitted  to  dry 
distillation  it  3rields  cerotic  acid  and  ceroten,  a  paraffin-like  body.  According 
to  Brodie,  Chinese  wax  consists  of  cerotate  of  ceryl,  Cs^HjosOt  =  Cvj^sii^rr^ss^O^. 
2.  Andaquies  wax,  the  product  of  an  insect  met  with  in  the  regions  watered  by  the 
Orinoko  and  Amazon  rivers,  fuses  at  77^,  has  a  sp.  gr.  of  0917,  and  appears  to  be 
similar  in  composition  to  bees*-wax.  3.  Japanese  or  American  wax,  met  witli  in  the 
trade  in  round  concavo-convex  cakes,  covered  with  a  wliitish  dust.  This  soft  brittle 
material  fuses  at  42",  is  soluble  in  boiling  alcohol,  and  is  said  to  consist  of  palmitine. 
4.  Camauba  wax,  imported  from  Rio  de  Janeiro,  is  said  to  be  the  outer  coating  of 
the  leaves  of  a  kind  of  palm  tree  named  tlie  Knjyernicia  ceri/era ;  it  fuses  at  83"5*, 
and  is  used  on  account  of  its  high  fusion-point  to  improve  candle-making  materials 
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of  low  fusion-point.      5.    Palm  wax,  obtained  from  the  bark  of  the  Ceroxylom 

andicola,  a  palm-tree  met  with  on  the  higher  peaks  of  tlio  Cordilleras.    The  wax  is 

scraped  from  the  bark,  and  the  scrapings  are  boiled  with  water,  and  the  wax  thus 

molten  is  collected  from  the  surface  of  tlie  liquid,  in  which  the  impurities  remain. 

This  kind  of  wax  fuses  at  83°— 86\  and  is  very  likely  identical  with  the  Camauba 

wax.     6.  The  Myrica  wax,  from  the  Myrica  cerifera,  is  obtained  by  boiling  the 

fruit  of  the  plant  with  water.     It  is  imported  from  some  of  tlie  Southern  States  of 

the  Union.    The  variety  of  tJiis  wax  known  as  Ocuba  wax  is  obtained  from  the 

same  plant  and  in  the  same  manner,  in  the  district  of  Para,  Brazil,  along  the  banks 

of  the  Amazon  river.  'This  wax  has  an  olive-green  colour,  and  fuses  at  36''  to  48**. 

It  is  used  in  America  for  making  candles.     We  may  add  here  that  of  all  countries  in 

Europe,  if  not  in  the  world,  Corsica  produces  the  largest  quantity  of  wax.     In 

ancient  as  well  as  medieval  times,  the  inhabitants  paid  their  taxes  in  wax,  and 

supplied  200,000  lbs.  annually.     Since  wax  is  to  honey  in  quantity  as  i  to   15, 

the  Corsicans  must  have  gathered  3,000,000  lbs.  of  honey. 

The  Making  of  Wax  CamUes.  Wax  candles  are  most  frequently  made  by  pouring  the  molten 
wax  on  to  the  wicks.  For  this  purpose  the  wicks  are  hang  upon  frames  and  covered  with 
metal  tags  at  the  ends  to  keep  the  wax  from  covering  the  cotton  in  those  places ;  these 
frames  are  carried  to  a  heater,  where  the  wax  is  melted.  The  frames  can  turn  round,  and 
as  they  turn  a  man  takes  a  vessel  of  wax  and  pours  it  first  down  one,  and  then  the  next, 
and  so  on.  When  he  has  gone  once  round,  if  the  wax  is  sufficiently  cooled  he  gives 
the  first  wick  a  second  coat,  then  the  third,  &c.,  until  they  are  all  of  the  required  thick- 
ness.  The  candles  are  now  rolled  on  a  marble  slab  or  wooden  board  for  the  purpose  of 
imparting  the  proper  shape.  The  conical  top  is  moulded  by  properly  shaped  tubes,  and 
the  bottoms  are  cut  off  and  trimmed.  The  moulding  of  wax  caudles  is  now  rarely  if  ever 
performed,  but  if  executed,  it  is  done  in  precisely  the  same  manner  as  described  for 
stearine  and  paraffin  candles.  Wax,  however,  is  not  a  very  suitable  material  for  moulding, 
in  consequence  of  its  shrinking  on  cooling,  as  well  as  its  pertinacious  adherence  to 
the  moulds.  The  wick  for  moidded  wax  candles  must  be  previously  soaked  with  wax  in 
order  to  prevent  the  candles  becoming  as  it  is  termed  honey-combed.  The  wax  is  molten 
on  a  water-bath,  and  glass  moulds  are  used  in  preference  to  metal  ones,  as  well  for 
the  smooth  surface  glass  imparts  as  for  the  more  ready  removal  of  the  candles  when  cold. 
In  order  to  prevent  the  breaking  of  the  glass  moulds,  they  are  covered  with  gutta-percha. 
The  large  sized  altar  candles,  which  often  weigh  from  15  to  20  kilos.,  are  not  made 
by  either  of  the  two  methods  described,  but  by  hand.  The  wick,  partly  made  of  linen, 
partly  of  cotton  yarn,  is  first  soaked  with  wax,  or  covered  with  that  material  cut  into  long 
strips,  rendered  soft  and  knoadable  by  the  aid  of  warm  water,  and  next  made  up  to  the 
required  thickness  by  rolling  on  more  wax ;  or  a  quantity  of  wax  is  rolled  by  hand  into 
the  required  shape,  and  the  wick  inserted  by  cutting  a  longitudinal  channel  in  the  mass  of 
wax  into  which  the  wick  is  placed.  The  channel  is  filled  up  with  wax  and  the  candle 
finished  by  rolling.  Very  recently  (1870)  Messrs.  Riess  have  constructed  a  press  for 
making  wax  candles.  The  arrangement  of  this  machine  seems  to  be  somewhat  similar  to 
the  press  used  for  making  continuous  lengths  of  lead  and  block-tin  pipes.  This  wax 
candle  press  is  heated  by  steam  so  as  to  render  the  wax  soft.  The  wick  is  inserted  into 
the  wax  in  such  a  manner  that  it  is  concentrically  surrounded  with  wax  when  ejected 
from  the  spout  of  the  cylinder  of  the  press,  thus  forming  a  continuous  candle,  which  is 
cut  up  into  lengths. 

The  wax  tapers  of  various  thickness  are  made  by  a  method  of  which  the  following  is 
an  outline : — In  the  first  place,  these  tapers  are  not  made  of  pure  wax,  but  of  wax  and 
tallow  mixed,  in  order  to  impart  flexibility ;  while  for  coloured  wax  resin  and  turpentine 
are  added  to  the  tallow.  The  wick  of  the  tapers  should  be  very  uniform,  and  the  strands 
of  yarn  intended  for  this  purpose  are  reeled  on  a  cylinder  or  drum  placed  at  one  end  of  the 
workshop,  while  at  the  other  end  is  placed  a  similar  drum.  Between  these  driuns  is  placed  a 
shallow  copper  pan,  which  can  be  kept  warm  by  means  either  of  steam  or  a  charcoal  fire. 
This  vessel  is  filled  with  the  molten  wax,  and  provided  with  a  hook  at  the  bottom,  below 
or  through  the  opening  of  which  the  wick  is  drawn.  At  the  edge  of  the  pan  a  draw-iron 
is  fixed,  provided  with  circular,  somewhat  conical,  apertures  of  different  size,  arranged 
in  the  same  way  as  those  described  (see  p.  25)  for  wire-drawing.  The  wick  is  drawn 
through  the  wax,  put  under  the  hook,  and  through  the  aperture  of  the  drawing-iron,  and 

3  D 
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next  reeled  on  the  other  cylinder  or  dmm,  which  is  very  slowly  turned  round  in  order  io 
give  the  wax  time  to  soUdify.  When  all  the  wick  has  been  thns  coated  with  wax, 
the  taper  is,  when  required  to  be  rendered  thicker,  drawn  a  second,  and  even  a  third  and 
fourth,  time  through  the  wax,  and  a  larger-sized  aperture  of  the  drawing-iron.  The  end- 
less taper  thus  formed  is  out  up  into  the  requisite  lengths. 

Bees* -wax  is  used  for  many  minor  purposes,  as  is  well  known.  Amongst  them,  as  of 
interest,  may  be  noted  its  selection  by  the  British  Oovemment  far  a  lubricating  material 
for  small-arm  cartridges  and  also  for  breech-loading  cannon.  This  is  due  partly  to  its 
power  of  resisting  oxidation,  and  its  consequent  freedom  from  oorrosiye  action  upon 
metfd  surfaces  (lead,  <&c.),  and  partly  to  its  peculiar  action  as  a  lubricating  material,  by 
producing  an  extremely  smooth  surface  upon  the  bore  of  the  arm  as  it  is  swept  through 
upon  the  discharge.  It  also  prevents  particles  of  paper  or  powder  residue  from  attaching 
tfemselvee  to  the  metid,  and  thus  is  the  best  anti-fouUng  agent  known. 

***^<SndC?°*****       Spermaceti  is  the  solid  portion  of  the  oil  of  the  spenn  whale, 

Physeter  fnacrocephalus,  a  cetacean  belonging  to  the  mammalia,  and  living  in  some  of 

the  seas  of  the  soutliem  hemisphere  of  our  globe.    The  spermaceti  is  obtained  from 

the  oil  by  filtration,  and  is  subsequently  hardened  and  whitened  by  pressure,  and 

refining  with  a  weak  alkaline  ley.    In  some  cases  a  very  large  and  full-grown  sperm 

whale  may  yield  loo  cwts.  of  sperm  oil,  containing  from  30  to  60  cwts.  of  spermaceti. 

This  material  as  met  with  in  commerce  is  a  white,  mother-of-pearl  like,  glossy, 

foliated,  crystalline,  semi-transparent  substance,  fatty,  and  lubricating  to  the  touch, 

of  sp.  gr.  =  0*943,  fusing  at  43'',  and  distilling  unaltered  at  360^    It  is  soluble  in 

about  30  parts  of  boiling  alcohol,  becomes  yellow  by  exposure  to  air»  and  may  be 

pulverised.    According  to  Mr.  Smith  and  Dr.  Stenhouse,  spermaceti  consists  of  pal- 

xnitate  of  cetyl,  €34116402  =  Ci6H3ifCi6H33)Oa;  but  according  to  Heintz  (i85i),[sper- 

ntaceti  is  a  combination  of   cetyl  with   stearic,  palmitic,  myristic,  cocinic,   and 

cetinic  acids.     Spermaceti  candles  are  made  extensively,  if  not  exdosively,  in 

England,  where  they  were  first  manufactured  about  1770.     These  candles  have 

always  been  greatly  prized  for  their  transparent  whiteness,  high  illuminating  power, 

and  regular  burning;   and  notwithstanding  their  costliness,  are  largely  used  and 

exported  to  British  India.     In  order  to  check  the  great  tendency  of  spermaceti 

to  crystallise,  5  to  10  per  cent  of  white  wax  or  a  little  paraffin  is  added  to  the  fused 

mass  intended  to  be  moulded  into  candles,  by  a  process  exactly   similar  to  that 

iJready  described  for  stearine  candle^. 

•iTonint.        Glycerine,  C3H8O3  (as  triatomic  alcohol,    ^^g^j  O3,  or  C3H3   ]  Oh), 

ia  present  in  the  shape  of  glycerides  in  combination  with  solid  and  fluid  fatty  acid 
to  an  amount  of  8  to  9  per  cent,  and  may  be  separated  by  treatment  with  bases 
(potash,  soda,  lime,  baryta,  oxide  of  lead),  or  with  acids  (sulphuric  acid),  and  certain 
chlorides  (chloride  of  zinc),  also  by  means  of  superheated  steam,  or  very  hot  water 
without  the  formation  of  steam,  in  closed  vessels.  Glycerine  is  also  formed  as  a  con- 
stant product  by  the  alcoholic  fermentation  of  dextrose,  levulose,  and  lactose.  Accord- 
ing to  Pftsteor's  researches,  the  quantity  of  glycerine  thns  formed  amounts  to  about 
3,  per  cent  of  the  weight  of  the  sugar.  Glycerine  was  first  discovered  by  Scheele 
whilst  engaged  in  preparing  lead  plaster.  Industrially,  glycerine  has  been  used  fi>r 
only  twenty-five  years,  in  consequence  of  the  large  quantity  of  glycerine  obtained  as 
a  by- product  in  the  manufacture  of  soap  as  well  as  of  stearine  candles.  The  vinasse 
of  the  potato,  and  molasses  from  beet-root  sugar  distillation,  and  likewise  the 
residue  of  the  distillation  of  wine,  vinasse  proper,  afi  carried  on  in  the  South  o£ 
France*  contain  large  quimtities  of  glycerine. 
As  regards  the  preparation  of  glycerine  on  the  large  scale,  it  is  mainly  a  qneatioa 
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of  purification  of  tlie  glycerine  obtained  in  the  industrial  preparation  of  the  stearic 
acid  from  neutral  fats  above  described.  Wlien  the  lime  saponification  process  is 
used,  the  glycerine  remains  dissolved  in  the  water  after  the  separation  of  the  in- 
soluble lirae-soap.  The  lime  also  dissolved  having  been  eliminated  by  either  sulphuric 
or  preferably  oxalic  acid,  the  evaporation  of  the  liquid  to  the  consistency  of  a  syrup 
will  yield  a  glycerine  pure  enough  for  many  technical  purposes.  When  the  decom- 
position, or  rather  dissociation,  of  the  neutral  fats  is  effected  by  means  of  superheated 
steam,  tlie  glycerine  and  fatty  acids  (see  p.  634)  are  both  obtained  in  pure  state,  pro- 
vided the  heat  be  kept  at  or  below  310'',  because  otherwise  a  portion  of  the  glycerine 
is  decomposed  witli  evolution  of  vapours  of  acroleine.  The  fact  that,  when  fats  are 
saponified  with  sulphuric  acid,  the  sulpho-glyceric  acid  in  aqueous  solution  yields 
readily  by  evaporation  glycerine  and  sulphuric  acid,  may  be  applied  for  the  prepara- 
tion of  glycerine.  The  soap  boiler's  mother-liquor,  now  the  most  important  source 
of  crude  glycerine,  may  be  made  available  for  its  production,  according  to  Heynold's 
patent,  in  the  following  manner : — The  mother-liquor  is  first  concentrated  by  evapo- 
ration ;  the  saline  matter  which  is  thereby  gradually  separated  being  removed  from 
time  to  time.  When  the  fluid  is  sufficiently  concentrated — ascertained  by  the  boiling- 
point  having  risen  to  116" — it  is  transferred  to  a  still,  and  tlie  glycerine  distilled  off 
by  means  of  superheated  steam  carried  into  the  still.  The  distillate  is  next  concern 
tratcd  and  brought  to  the  consistency  of  a  syrup  in  a  vacuum  paiu 
According  to  tlie  researches  of  A.  Metz  (1870) : — 

A  sp.  gr.  (at  i7'5°)  of  1*261  corresponds  to  100  per  cent  of  anhydrous  glycerine. 
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Glycerine  has  become  largely  employed  owing  to  its  oily  consistency,  also  to  the 
fact  that  at  ordinary  temperatures  it  is  fluid,  and  does  not  freeze  when  quite  concen- 
trated even  at  —40°;*  further  to  its  stability,  its  pleasant  sweet  taste  when  quite 
pure,  its  harmlessness,  its  great  solvent  power  for  many  substances,  and,  lastly,  to 
its  low  price. 

Among  the  many  applications  of  glycerine  are  the  following : — For  keeping  clay  moist 
for  modelling  purpoBOs;  for  preventing  muBtard  from  drying  up;  for  keeping  snuff 
damp  ;  preserving  fruit ;  sweetening  liqueurs ;  and  for  the  same  purpose  for  wine,  beer, 
and  malt  extracts.  Glycerine  is  also  useful  as  a  lubricating  materisJ  for  some  kinds  of 
macliiuery,  more  especially  watch  and  chronometer  works,  because  it  is  not  altered  bv 
contact  with  air,  does  not  become  thick  at  a  low  temperature,  and  does  not  attack  suon 
metals  as  copper,  brass,  Ac.    Glycerine  is  used  in  the  making  of  copying  inks,  and  of  a 


*  The  freezing  of  glycerine,  observed  in  1867,  by  Mr.  W.  Grookes,  in  London ;  by  Sarg,  at 
Vienna;  and  Dr.  Wdhler,  at  Gottingen,  proves,  however,  that  under  certain  conditioni, 
and  while  being  transported  from  one  place  to  another,  glycerine  may  become  solid  even 
at  a  temperature  not  so  low  as  the  freezing-point  of  mercury. 
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great  many  cosmeticH.  In  order  to  render  printing  ink  solnble  in  water — its  insolnbility 
is,  however,  its  greatest  advantage — it  has  beea  proposed  to  use  glycerine  for  its  prepara- 
tion instead  of  linseed  oil.  Glycerine  is  an  excellent  solvent  for  many  sabstances,  inclnding 
the  tar-colours  (aniline  blue,  cyaniue,  aniline  violet)  and  alizarine.  In  order  to  render 
paper  soft  and  pliable  glycerine  is  added  to  the  pulp.  To  the  quantity  of  pulp  required  for 
making  loo  kilos,  of  dry  paper,  5  kilos,  of  glycerine,*  sp.  gr.  1*18,  are  sufficient.  It  is  not 
out  of  plao3  here  to  mention  the  following  useful  weavers'  glue  or  dressing,  composed  of — 
Dextrine,  5  parts  ;  glycerine,  12  parts;  sulphate  of  alumina,  i  part ;  and  water,  30  parts. 
By  the  use  of  this  mixture  the  weaving  of  muslins  need  not  be — as  was  formerly  the  ease — 
carried  on  in  damp  darkened  cellars,  but  may  be  performed  in  well-aired  and  well-lighted 
rooms.  It  is  said  that  leather  driving  belts,  made  as  usual  of  weakty  tanned  leather, 
when  kept  in  glycerine  for  twenty-four  hours,  are  not  so  liable  to  fray.  A  glycerine  solu- 
tion is  now  largely  used  instead  of  water  for  the  purpose  of  filling  gas-meters,  as  such  a 
solutit  n  does  not  freeze  in  winter  nor  evaporate  in  summer.  Santi  uses  glycerine  for  the 
compass9S  on  board  screw-steamers,  in  order  to  protect  the  inner  compass  box  against  the 
vibrations  caused  by  the  motion  of  the  propeller.  It  is  impossible  to  enter  hero  into 
minute  details  on  the  use  of  glycerine  ;  suffice  it  to  observe  further  that  it  is  employed  for 
preserving  anatomical  preparations,  for  rendering  wooden  casks  impervious  to  petroleum 
and  other  oils  ;  for  the  preparation  of  artificial  oil  of  mustard  or  siUpho-cyan-allyl,  made 
by  treating  glycerine  with  iodide  of  phosphorus,  whereby  iodide  of  allyl  is  formed,  which 
on  being  dissolved  in  alcohol,  and  next  distilled  with  sulphocyanide  of  potassium,  yields 
sulpho-cyan-allyl.  When  glycerine  is  treated  with  very  concentrated  nitric  acid  or  with  a 
mixture  of  strong  sulphuric  and  nitric  acids,  it  is  converted  into  nitro-glycerine  (trinitrine 
or  glyceryl  nitrate)  (see  p.  158),  largely  jused  for  various  purposes,  the  preparation  of 
dualine  and  dynamite,  &c.  A  mixture  of  finely  powdered  litharge  and  very  concentrated 
glycerine  made  into  a  paste  forms  a  rapidly  hardening  cement,  especially  useful  as  a  cover 
for  the  corks  or  bungs  of  vessels  containing  such  fluids  as  benzol,  essential  oils,  benzoline, 
petroleum,  (&c.,  the  cement  being  impermeable  to  these  liquids. 

II.  Illumination  by  Means  of  Lamps. 

niuminauon^^th  Fiiiid  xhc  fluid  substances  in  use  as  illuminating  materials  are 
either : — a.  Fixed,  or  fatty  oils,  h.  Volatile  oils,  which  again  are  either  essential 
oils,  as,  for  instance,  camphine  ;  or  products  obtained  from  tar,  as  photogen  and 
solar  oil ;  or,  finally,  native,  as  petroleum.  Among  the  fixed  or  fatty  oils,  rape-seed 
oil,  colza  oil,  olive  oil,  fish  oil,  and  tlie  dry  papaver-seed  or  poppy-seed  oil,  aie 
chiefly  usod. 

^**^^thloi£**°^*  In  order  to  refine  tliese  oils  so  as  to  render  them  more  suitable 
for  combustion  in  lamps,  tliey  are  treated  witli  about  2  per  cent  of  their  weight  of 
strong  sulphuric  acid,  or  with  a  concentrated  solution  of  chloride  of  zinc.  These 
substances  do  not  act  upon  the  oil,  but  destroy  or  coagulate  any  impurities,  as  muci- 
laginous and  colouring  matters,  present.  The  acid  or  chloride  of  zinc  is  removed  by 
washing  with  water,  after  which  the  oil  is  filtered,  and  in  order  to  remove  any 
mechanically  adliering  water,  it  is  kept  for  a  considerable  time  at  a  temperature  of 
about  100°,  being  heated  by  means  of  steam  circulating  in  pipes  fitted  in  the  tanks. 
Now  oil  is  frequently  extracted  from  the  seeds  by  means  of  sulphide  of  carbon  (see 
p.  199).  The  oils  which  serve  for  tlie  purposes  of  illumination  are  termed  lamp-oils. 
The  introduction  of  paraffin  and  petroleum  oils  has  caused  a  very  considerably 
decreased  consumption  ui  tlio  iixed  iatiy  oiU. 

Lamps.  Lamps  were  known  and  used  even  in  remote  antiquity,  and  were  invented, 
it  is  believed,  by  the  Egyptians.  While  it  cannot  be  denied  that  as  regards  outward 
form  the  lamps  of  the  ancients  were  graceful,  their  technical  construction  was  rude, 
and  remt  ined  so — not  taking  into  account  some  minor  improvements  made  in  the 
seventeenth  and  eighteenth  centuries,  among  which  improvements  are  the  introduc- 
tion of  Jthe  glass  cylinders  by  the  Parisian  apothecary  Quinquet,  and  the  invention 
of  the  hollow  and  circular  burner  by  Argand,  1786 — ^until  chemistiy  discovered  a 
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sound  theory  of  combustion  and  illumination,  and  until  physicial  science  ascertained  the 
principles  of  tlie  supply  of  oil  and  means  of  estimating  tlie  illuminating  power  of  the 
flame  of  lamps,  and  further  until  the  refining  of  oil  supplied  a  purer  and  more  fluid 
illuminating  material.  A  still  greater  step  to  improvement  in  light  obtained  from 
lamps  was  the  discovery  of  the  petroleum  and  paraffin  oils  and  the  construction  of 
lamps  suitable  for  their  combustion.  Tliese  oils  have  now  become  of  general  use 
wherever  gas  is  not  obtainable.  In  passing,  it  may  be  observed  that  in  no  coimtry  is 
gas  so  extensively  made  on  the  small  scale  as  in  Scotland,  where  farm-houses, 
country  seats,  and  other  dwellings,  not  conveniently  situated  near  to  pubUc  gas-works, 
are  very  generally  provided  with  small  gas-works,  in  which  the  excellent  Oannel 
coal  of  the  country  is  employed,  yielding  a  very  pure  and  highly  illuminating  gas  at 
a  reasonable  cost,  and  with  the  advantage  that  gas  is  allowed  by  the  insurance  com- 
panies as  light  in  stables  and  other  places  where  readily  inflammable  materials  are 
kept,  while  lamp  and  caudle  lights  are  absolutely  prohibited  in  such  places,  for 
fear  of  causing  flre.  Some  of  the  many  inventions  and  improvements  of  oil  lamps 
made  during  the  last  forty-five  to  thirty  years  are  quite  forgotten ;  the  moderator 
colza  lamp  has  been  nearly  superseded  by  improved  paraffin  and  petroleum  oil  lamps, 
and  as  we  do  not  treat  in  this  work  on  the  history  of  technology,  but  on  technology 
as  now  developed,  we  cannot  enter  into  any  further  historical  details,  but  proceed 
with  our  subject. 

Viewing  lamps  generally,  we  observe  the  same  parts  as  in  a  candle,  viz.,  the 
illuminating  material  and  the  wick.  As  regards  the  illuminating  material,  it  is  in 
lamps  as  well  as  in  candles  fluid,  the  difierence  consisting  in  that  with  candles  the 
fatty  material  is  molten  near  the  end  of  the  wick,  a  cup  of  molten  fat  being  formed, 
while  with  lamps  the  illuminating  material  is  fluid  at  the  ordinary  temperature,  and 
therefore  kept  in  a  vessel  or  reservoir  from  which  the  wick  is  uninterruptedly  and  as 
uniformly  as  possible  supplied.  The  diflerences  observed  in  the  construction  of  the 
various  kinds  of  lamps  depend  partly  upon  the  illuminating  material  employed 
(colza  oil,  petroleum  oil,  sperm  oil,  &c,) ;  partly  upon  the  shape  of  the  wick  and  upon 
the  mode  of  supplying  air  to  the  flame,  either  with  or  without  a  glass  chimney ; 
further,  upon  the  shape  of  the  oil  reservoir  and  its  position  in  reference  to  the  wick ; 
and  finally  and  chiefly,  upon  the  method  and  means  by  which  the  illuminating 
material  is  carried  to  tliat  portion  of  the  wick  where  the  combustion  is  intended  to 
take  place  ;  that  is  to  say,  whetlier  the  illuminating  material  is  only  absorbed  by  the 
capillary  action  of  tlie  cotton  wick,  or  whether  this  action  is  aided  by  hydrostatic  or 
mechanical  means. 

Colza  oil  and  mineral  oil — ^be  the  latter  obtained  from  the  tar  yielded  by  the  dry 
distillation  of  certain  kinds  of  coal  or  peat,  or  be  it  derived  from  native  petroleum — 
difler  from  each  other  as  regards  their  properties  as  illuminating  materials  in  the 
following  particulars : — i.  Colza  oil  is  not  volatile  at  tlie  ordinary  temperature,  and 
not  even  when  heated  to  above  100°.  It  is  hence  devoid  of  smell,  and  is  not  by  itself 
ignitable  unless  it  be  first  heated  to  a  such  a  high  temperature  (about  2CX)°)  as  to 
give  ofi"  products  of  dry  distillation — ^in  fjBUst,  become  decomposed  and  converted  into 
oil-gas.  The  mineral  oil,  even  that  kind  which  is  termed  odourless,  possesses  some 
odour,  and  loses  in  weight  or  is  gradually  volatilised  by  exposure  to  air.  At  a 
higher  temperature  it  is  volatilised  and  can  be  distilled  over  unaltered,  while  at  a 
still  more  elevated  temperature  it  is  nearly  all  converted  into  illuminating  gas. 
2.  Colza  oil  consists  of  carbon,  hydrogen,  and  oxygen,  according  to  the  foxmola 
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C18H12O2.  In  the  dry  distillation  which  tliis  oil  undergoes  in  the  wick  jost  below 
the  flame  it  is  converted  into  clayl  gas  and  carbonic  acid : — 

Colza  oa.  .C„H.O,=340.  yieldl^  -1--^-  oi  eJ.y^^.^C.H^^^   =«5| 

consequently  25*8  per  cent  of  tlie  colza  oil  becoming  carbonic  acid  does  not  con- 
tribute anything  to  the  illuminating  power  of  the  flame,  but  deprives  the  half  of  the 
volume  of  tlie  elayl  gas  of  it^  illuminating  power.  Reflned  colza  oil  boms  in 
well- constructed  lamps  very  completely,  yielding  only  the  odourless  products  of 
combustion,  viz.,  carbonic  acid  and  water.  3.  Petroleum  oils  are  mixtures  of 
diflerent  hydrocarbons,  very  probably  of  the  higher  members  of  that  homologous 
series  of  which  marsh  gas  is  the  primary.  Petroleum  oil  begins  to  boil  at  250®,  and 
is  at  a  higher  temperature  decomposed,  yielding  gaseous  products,  marsh  gas  and 
elayl  gas,  and  soot,  or  unbumed  carbonaceous  matter.  The  quantity  of  carbon 
contained  in  petroleum  oil  is  far  larger  than  tliat  contained  in  colza  oil ;  hence  the 
former  when  burning  in  contact  with  air  and  without  a  glass  chimney  exhibits  a  sooty 
flame,  but  this  changes  at  once  into  a  very  bright  flame  when  by  tlie  addition  of  a 
glass  chimney  the  increased  draught  of  air  causes  the  complete  combustion  of  the 
excess  of  carbon.  Wliile  colza  oil  only  reaches  the  flame  in  the  state  of  gas,  the 
petroleum  oils  come  into  the  flame  as  vapour,  and  the  construction  of  the  petroleum 
oil  lamps  ought  to  be  so  contrived  that  the  combustion  be  as  complete  as  possible  in 
order  to  prevent  any  disagreeably  odorous  vapours  or  gaseous  matters  escaping  un- 
consumed.  As  regards  accidents  from  fire,  petroleum  or  paraffin  oil  lamps  are,  with 
proper  precautions  and  good  quality  of  oil,  not  attended  with  greater  danger  than 
that  of  the  use  of  colza  oil.  4.  As  is  well  known,  colza  oil  is  a  fatty  lubricating  oil, 
while  paraflin  or  petroleum  is  not  so  :  in  consequence  of  tliis  difierence  the  former 
may  bo  used  in  lamps  in  which  the  oil  is  carried  to  the  wick  by  mechanical  means — 
either  by  clockwork  or  spiral  springs  acting  upon  one  or  more  more  pistons,  as  in  the 
Oarcel  and  moderator  lamps.  Because  the  fatty  nature  of  colza  oil  as  well  as  its 
lubricating  property  keeps  the  packing  of  the  pistons  oil-tight  as  well  as  lubricated, 
it  is  clear  that  the  paraffin  oils  cannot  be  used  in  such  lamps. 

Independently  of  tlie  illuminating  material,  tlie  construction  of  a  normal  lamp 
should  be  such,  that  (i)  it  yields  a  maximum  of  light  uniformly  for  a  definite  time 
(three  to  eight  hours).  This  condition,  a  consequence  of  the  complete  and  equal 
combustion  of  the  illuminating  material,  can  only  result  from  (a)  the  use  of  a 
purified  illuminating  material ;  (/3)  tlie  use  of  a  wick  of  uniform  thickness  and 
structure ;  (y)  the  uniform  supply  of  illuminating  material  to  the  flame ;  {i)  by  suffi- 
ciently strong  heat  at  the  point  where  tlie  combustion  takes  place,  so  that  the 
conversion  of  the  illuminating  material  into  gases  may  be  complete ;  (c)  by  the 
regulation  of  the  supply  and  access  of  air.  Too  small  a  supply  of  air  often  ^ves 
rise  to  a  sooty  flame,  while  too  large  a  supply  causes  a  lowering  of  the  temperature 
of  the  flame,  and  hence  also  separation  of  soot  and  formation  of  odorous  products 
of  incomplete  combustion ;  and  even  if  these  results  do  not  occur  and  a  complete 
combustion  obtains,  too  large  a  supply  of  air  impairs  considerably  the  illuminatiiig 
jpower  of  the  flame ;  {Z)  the  means  of  regulating  the  size  of  the  flame  must  be 
perfect  2.  The  lamps  ought  to  be  so  constructed  that  the  light  evolyed  be  not 
wasted.    The  well-known  reflectors  and  lamp  caps  aid  the  illumination  greatly. 
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The  reservoir  for  the  oil  should  be  in  the  first  place  so  situated  that  its  shadow  falls 
on  some  unimportant  part  of  the  field  to  be  illuminated ;  and  secondly,  so  arranged 
tliat  the  point  of  gravitation  of  the  lamp  be  maintained. 

variooi  Kinds  of  Lamps.  Taking  the  manner  of  conveying  the  illuminating  material  by 
means  of  the  wick  to  the  flame  as  a  basis  for  tlie  division  of  lamps  into  various  kinds, 
we  distinguish  the  following  : — 

I.  Saction  lamps,  in  which  the  oil  is  simply  sucked  up  by  the  capillary  action  of  the 
cotton  wick,  from  the  reservoir.  According  to  the  situation  of  the  oil  reservoir  with 
reference  to  the  wick,  saction  lamps  can  be  subdivided  into :— a.  Those  in  which  the 
oil  reservoir  is  placed  at  about  equal  height  with  the  flame  of  the  burning  wick* 
/3.  Lamps  in  which  the  oil  reservoir  is  placed  higher  than  the  burner.  These  lamps  have 
a  detachable  oil  reservoir,  which,  having  been  filled,  is  inverted  into  a  fixed  vessel, 
an  arrangement  common  in  reading-lamps  for  burning  colza  oU.  2.  Pressure  lamps,  in 
which  in  addition  to  the  capillarity  of  the  wick,  mechanical  or  physical  means  are 
employed  for  the  purpose  of  forcing  the  illuminating  material  to  the  wick.  In  this  variety 
the  oil  reservoir  is  placed  at  the  foot  of  the  lamp.  According  to  the  method  of  forcing 
the  oil  to  the  wick,  pressure  lamps  are : — a.  Aerostatic,  in  which  the  principle  is  that  of 
Hero's  fountain ;  into  the  closed  oil  reservoir  air  is  forced,  and  this  while  trying  to  make 
equilibrium  with  the  outer  air,  presses  upon  the  oil  and  forces  it  upwards  through  a 
tube  to  the  burner.  /3.  Hydrostatic  lamps,  based  upon  the  principle  of  the  communicating 
tubes,  in  which  the  heights  of  fluids  of  different  specific  gravity  making  equilibrium 
together  stands  in  the  inverse  relation  to  their  specific  gravity.  The  fluid  which  has  to 
make  equilibrium  with  the  oil  and  force  it  up  towards  the  cotton  wick  should  be  specific- 
ally heavier  than  the  oU.  ^.  Statical  lamps,  in  which  the  oil  is  forced  from  the  reservoir 
at  the  foot  of  the  lamp  to  tne  burner  by  the  pressure  either  of  the  weight  of  a  solid  body 
(for  instance,  a  leaden  weight),  or  by  the  direct  weight-pressure  of  a  piston  moving  down- 
wards in  the  oil  reservoir,  d.  Mechanical  lamps,  in  which  the  oil  contained  in  the 
reservoir  is  forced  upwards  to  the  burner  either  (a)  by  means  of  pumps  set  in  motion  by 
wheel  work  similar  to  that  of  a  large  watch  (Carcel  liunps  with  clockwork),  or  (b)  by  the 
pressure  of  a  spiral  spring  acting  upon  a  solid  piston  (moderateur  lampsj.  In  the  mechanical 
lamps  the  oil  is  carried  to  the  wicks  in  larger  quantity  than  is  requirea  for  the  momentary 
consumption ;  this  excess  of  oil  returns  continually  to  the  oil  reservoir.  The  lamps  here 
alluded  to  are  only  suited  to  Imrn  colza  oil,  and  we  ought  to  observe  that  those  mentioned 
under  a,  /3,  and  7>  are  obsolete,  for  the  very  good  reason  that  they  have  been  superseded 
by  better  and  more  simple  contrivances ;  this  applies  also  to  the  clockwork  lamps  which 
were,  even  when  well  made,  very  liable  to  get  out  of  order  and  required  very  pure  oU  to> 
work  well.  3.  The  lamps  for  burning  the  paraffin  and  petroleum  oils  are  all  simple 
suction  lamps,  the  reservoir  being  placed  under  the  wick  and  in  its  axial  prolongation^ 
The  lower  specific  gravity  and  the  greater  fluidity  of  the  oils  greatly  aid  the  capillary 
action  of  the  wick,  and  renders  all  pressure  apparatus  superfluous.  The  so-called 
benzoline  sponge-lamps  also  belong  to  the  category  of  suction  lamps,  the  very  volatile  and 
highly  combustible  benzoline  (obtained  from  the  crude  petroleum)  being  absorbed  by  the 
sponge,  more  commonly  cotton  waste  or  tow,  and  thence  slowly  carried  by  capillary  action, 
into  the  wick. 

Suction  Lampfu  I.  To  this  kind  belong  all  the  lamps  in  which  the  oil  is  simply  carried  tO' 
the  flame  by  the  capillary  action  of  the  cotton  wick,  the  oil  reservoir  being  placed  somewhat 
below  the  burning  end  of  the  wick.  According  to  the  situation  of  the  oil  reservoir  in 
reference  to  the  wick,  suction  lamps  can  be  divided  into  (a),  those  in  which  the  oil 
reservoir  is  placed  nearly  at  the  same  height  as  the  burning  wick.  Here  we  have  to 
observe  the  two  following  conditions,  viz. : — (a)  the  burning  wick  is  placed  in  the  oil 
reservoir  itself,  as  may  be  observed  in  the  kitchen  lamp  and  antique  lamp ;  or  (6),  the  oil 
reservoir  and  burner  are  separated  from  each  other,  the  reservoir  being  placed  by  the  side 
of  the  burner,  or,  as  is  the  case  in  the  ring  lamps,  at  the  circumference  of  the  burner,, 
which  is  in  the  centre.  /3.  Those  lamps,  the  oil  reservoir  of  which  is  placed  higher  than 
the  burner,  as,  for  instance,  in  the  so-called  reading  lamp. 

Among  Uie  suction  lamps  are  the  following  : — In  the  antique  lamp.  Fig.  271,  the  wick,  a 
skein  of  cotton,  is  placed  in  an  open  or  dosed  oil  vessel,  the  burning  end  of  the  wick 
simply  protruding  from  the  spout.  This  kind  of  lamp  is  technically  very  imperfect, 
because,  in  the  first  place,  the  wick  has  to  suck  up  the  oil,  when  the  level  of  that  fluid 
gradually  sinks  by  the  burning  of  the  lamp,  to  a  height  far  too  great  for  its  capillary 
power ;  hence  the  flame  will  by  lack  of  sufficient  oil  become  gradually  more  and  more 
lurid,  and  at  last  extinguished  altogether  before  all  the  oil  is  consumed.  In  consequence 
of  the  thickness  of  the  wick  the  combustion  is  incomplete,  owing  to  want  of  sufficient 
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aeeess  of  air,  the  lamp  thus  baming  vitli  a  Bootj  Umim  ;  whil«  tha  bodj  of  tha  lamp 
throwi  a  great  shadow.  This  last  detect  it  lew  miAed  in  a  kind  of  Utehsn  bunp,  bx1i£ 
bitad  in  lateral  projMtioit  in  Fig.  Z71,  and  viewed  in  plan  in  Fig.  373,  aa  hj  maatia  of  tb« 
npont  the  distaDoe  betweeD  tha  oil  regerToir  and  the  fiome  ia  inareased,  or,  m  other  words, 
tlie  aogle,  cab,  rendered  more  acuto.  The  lo-called  Worm's  lamp,  Figs.  174  and  175.  in 
former  days  mach  used  in  the  Bhiiie  proviuocE,  nhonll  be  noted  on  aooonntof  the  ahapeof 
thewiak,  r,  whioh  is  eompoHed  of  a  llatwovoii  cotton  band,  iustuod  of  a  skein  ot  cotton  Tarn, 
andtliaB  the  acceaaof  air  to  allparttiof  the  wick  ia  hu  legulaled  that  complete  oombastion 


Fio.  373. 


of  the  oil  takes  place.  The  wick  is  put  into  thewiek-holder,!;,  whioh  is  soldered  tt 

d,  loosely  flied  on  the  rim  of  the  glass  globe,  whioh  serves  aa  an  oil  reserroir.    L, 

of  the  rackwork  and  pinion,  r  and'',  the  wick  con  be  (omed  apwards  and  downwuds,  and 
the  flame  thna  regnLited.  The  part  a  is  placed  in  a  oandleatiak  or  in  an;  other  snitable 
Btand.  A  glass  and  globe  may  be  placed  ovdt  and  around  the  flame.  Although  thil 
lamp  is  an  improvement  on  the  olJ-faahioned  kitchen  lamp,  it  has  many  defects. 


"-assf 


D  obviate  the  constant  decrease  in  the  intenaitj  ot  tlia 
light  as  the  level  of  tho  oil  sinks  by  its  consumption,  as  happens  in 
the  lamps  already  described,  it  is  simply  necessary  to  keep  the  oil  in  the  bnmer  ai  mnoh 
as  possible  at  the  same  height.  Tltis  can  be  e&ected  in  suction  lamps  by  placing  the  oil 
reservoir  Iiigbet  than  the  burner,  but  in  doing  this  it  becomes  necessary  so  to  arrange  the 
Gonstmctiuii  of  the  lamp  that  the  oil  he  gradually  carried  to  the  wick  in  saoh  quantity  as 
li  required  for  its  proper  burning.  This  ia  practically  carried  into  effect  as  exhibit^  in 
Fig.  176,  which  shows  in  vertical  aectiou  a  kind  of  lamp  in  England  known  aa  a 
reading  lamp.  The  oil  reservoir  ot  this  lamp  ia  a  movable  vessel,  a,  ot  tinned 
iron,  and  cloeed  by  means  of  a  valTe,  which  when  the  vessel  is  placed  vertically, 
as  exhibited  in  the  eat,  leave*  the  neck  or  month  ot  the  oil  flask  open  in  a  dowswaM 
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diieotion,  so  aa  to  ftdmit  of  tlie  oil  numiiig  into  tba  spue  bb ;  but  m  soon  as  the  oil  hu 
riseo  to  the  level,  et',  tbe  Said  nota  as  s  hydraulic  ralve,  and  no  more  oil  can  flov  oat  of 
a  until  by  the  bnming  of  the  lamp  the  level  has  been  lowered.  The  tube  d  cturies  the  oil 
to  the  wick-holder  ;  while  at  f  a  eniall  hole  is  made  tor  the  pnrpoae  of  giving  free  ocsees 
of  air  lo  the  space  between  the  Bides  of  the  veogel  a  and  the  oyliodrioal  boi  in  which  it 
is  placed.  When  more  oil  might  flow  to  the  wick  of  this  kind  of  lamp  than  can  be  burnt 
^vcn  time  the  flame  is  eitinguiBhed,  but,  as  usually  oonstmcted,  these  lamps,  unlsas 
iposed  to  a  very  warm  atmosphere  (in  which  ease  owing  to  the  expan- 


,  wtUtod, 
Bion  of  the  air  in  the  vessel  a  the  oil 
Ib  forced  out  of  it)  answer  the  purpose 
very  well,  giving  when  burnt  with 
Boitable  wicks  and  well-tefined  colas 
oil  a  good  light,  bat  less  intense  than 
that  obtainable  from  the  better  kinds 
of  paraffin  oil  lamps. 

PnuuH  Luut*.  3.  These  are  distin- 
guished from  suction  lamps  by  the 
mode  in  which  the  oil  reservDir  is 
situated  in  reference  to  the  burner, 
the  former  being  not  placed  on  a 
level  with  or  higher  than  the  latter 
but  below  it,  the  place  assigned  to 
the  reservoir  Leing  the  foot  of  the 
lamp ;  and  ns  the  capillary  action  of 
the  wick  is  not  sufficient  to  enable 
it  to  suck  the  oil  upwards  to  bo  great 
a  height,  an  arrangement  is  reqaired 
to  lift  the  oil  towards  the  wick,  while 
any  excess  of  oil  above  that  which  the 
flame  at  the  wicli  is  capable  of  con- 
snming  trickles  downwards,  and  is 
either  conducted  into  the  oil  leservoii 
or  collected  in  a  separate  vessel.  The 
pressure  lamps  are  certainly,  as  far  as 
colza  oil  lamps  are  couaemed,  the 
best  in  every  respect ;  but  the  dif- 
ferent varieties  of  these  lamps  to  be 
here  noticed  have  been  superseded  by 
the  moderateur. 

According  to  the  conlrivanoe  by 
means  of  which  the  oil  in  prewuie 
lamps  is  forced  ap  to  the  wiok,  we 
diatinenish : — 

a.  A^u»(atical  Lampt,  —  In  these 
lamps  the  principle  of  Hero's  (oDn- 
tain  is  employed.  Air  is  forced  into 
the  closed  oil  reservoir,  and  this  air 
while  trying  to  gain  its  equilibrium 
with  the  ontet  air,  forces  the  oil 
through  a  Teiy  narrow  tube  upwards 
to  the  burner.  These  lamps  have, 
owing  to  great  EompUcity  of  con- 
struction, djfficnlty  of  management, 
and  o(  filling  with  oil,  never  been  of  any  real  practical  uae. 

0.  In  the  hydrostatic  lamps,  also  now  obsolete,  though  in  use  in  Franoe  in  the  earlier 
part  of  this  century,  the  oil  is  forced  to  the  burner  by  the  pressure  of  a  column  of  liquid 
upon  the  oil.  The  physical  principle  involved  is,  that  of  the  two  vessels  or  tubes  oom- 
mnnicating  with  each  other,  and  filled  with  liquids  of  different  specific  gravity,  the 
height  of  these  fluids  is  inversely  as  the  spectfio  gravities  of  the  fluids.  The  fluid  whiA 
has  to  make  equilibriam  with  the  oil  ought  of  coarse  to  be  specifically  heavier  than 
the  oil,  and  ought  neither  to  act  injurioasl;  upon  the  metal  of  which  the  lamp  is  made 
nor  upon  the  oil ;  while  the  liquid  should  not  frceie  very  readily.  Mercury,  solution  of 
common  salt,  molasses,  solutions  of  chloride  of  calcium,  and  similar  liquidi,  huf* 
been  proposed  as  floids  to  act  in  the  manner  allnded  to. 
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y.  Statical  Lamps. — In  these  lamps  the  oil  contained  in  the  reserroir  at  the  foot  of  the 
lamp  is  either  forced  up  to  the  hurner  by  the  pressure  of  a  solid  body  exerted  upon  the 
oil,  or  by  the  pressure  of  a  piston,  acting  directly  and  by  its  own  weight,  forcing  the  cdl . 
upwards  through  a  narrow  tube.  In  the  first  instance  the  oil  is  put  into  a  bag  made  of  any 
impermeable  and  sufficiently  pliable  material — leather,  caoutchouc,  or  waxed  silk,  for 
instance — and  this  bag  is  placed  in  a  reservoir,  and  next  a  weight  is  made  to  press  upon  the 
bag,  to  which  is  fitted  a  small  tube  communicating  with  the  burner.  The  second  arrange- 
ment with  the  piston  was  the  forerunner  of  the  mechanical  lamps ;  but  as  statical 
lamps  are  no  longer  made  further  details  are  unnecessary. 

Mcchiinicai  Laiupiv.  ^.  These  Iiimps  are  fitted  with  a  mechanical  contrivance  by  the  aid  of 
which  the  oil  is  forced  from  the  reservoir  in  the  foot  of  the  lamp  to  the  burner,  the  quan- 
tity of  oil  thus  supplied  to  the  hitter  exceeding  the  requirements  at  any  given  moment  of 
the  burning  fiame.  Wliile  in  all  the  lamps  mentioned  the  contents  of  the  burner  is  a 
constant  column  of  oil,  which  decreases  steadily  from  the  top  downwards,  or  is  renewed 
from  time  to  time,  the  oil  in  the  mechanical  lamps  is  a  constantly  flowing  stream,  which 
yields  the  wick  the  requisite  quantity  for  combustion,  while  the  excess  flows  downwards 
into  the  reservoir. 

Two  kinds  of  mechanical  lamps  are  especially  noteworthy,  viz. : — 

Clockwork  Lamp.  I.  The  clockwork  lamp,  pump  lamp,  Carcel  lamp,  invented  in  1800,  bj 
the  lamp  maker  Carcel,  at  Paris,  and  afterwards  improved  upon.  The  pump  or  pumps — for 
in  the  better  kinds  there  are  two,  unless  the  single  pump  is  double  acting— which  forces 
the  oil  from  the  reservoir  in  the  "foot  of  the  lamp  is  moved  by  clockwork,  provided  with  a 
strong  spring  which  is  wound  up.  The  pump  is  a  combination  of  suction-  and  force- 
pump  ;  in  some  lamps  of  this  kind ,  uistead  of  a  pump  an  Archimedean  screw  is  employed 
for  the  same  purpose.  In  the  socket  of  the  clockwork  the  oil  reservoir  and  pump  are  placed. 
The  tube  through  which  the  oil  is  forced  upwards  to  the  burner  is  carried  through 
the  shaft  of  the  lamp.  The  oil  reservoir  and  the  clockwork  are  separated  from  each 
other  by  a  horizontal  metallic  plate. 

An  apparatus  of  simple  construction  often  employed  in  the  Carcel  lamp  is  shown 
in  section  in  Fig.  277.  The  body  of  the  lamp  forms  the  cylinder,  in  which  the  horizontal 
piston  m  is  moved  to  and  fro,  while  the  space  n  above  it  is  connected  with  the  oil  pipe 

leading  10  the  bmrner.      The   space  below  the  body  or 
Fig.  277.  cylinder  of  the  pump  is  connected  with  the  oil  reservoir, 

and  divided  into  two  compartments  by  means  of  a  par- 
tition, and  further  provided  with  two  valves,  made  either  of 
oiled   silk   or    of    gold-beaters*    skin.      When  the   piston 
moves  in  the  direction  from  d  to  c,  oil  enters  from  the 
reservoir  through  &,  while  the  oil  then  present   in   the 
space  between  c  a  and  m,  is  forced  through  c  into  the  space 
n,  and  thence  into  the  oil  pipe.     The  space  n  serves  also 
the  purpose  of  an  air  vessel,  for  the  compressed  air  acts  as 
a  regulator  to  the  constant  flow  of  the  oil.     When  the 
piston  moves  in  the  direction  from  c  to  &,  oil  enters  through 
a,  and  through  d  into  n.     The  clockwork  which  moves  the 
piston  rod  of  m  is  placed  below  the  oil  reservoir.      The 
arrangement   of  the    pump  is   such  that  the  burner  of 
the  lamp  is  suppUed  with  a  larger  quantity  of  oil  than 
is  required  for  the  immediate  consumption  of  the  flame,  the  result  being  that  the 
wick  and  the  burner  are  kept  cool,  and  the  carbonisation  of  the  wick  at  the  flame  is  pre- 
vented, and  thereby  the  capillary  action  of  the  cotton  left  unimpaired.     The  excess  of  oil 
flows  again  into  the  reservoir.     The  clockwork  of  these  lamps  requires  winding  up 
about  once  in  twelve  to  fifteen  hours ;  and  for  burning  seven  to  eight  hours,  the  action  is 
BO  very  uniform  that  a  Ught  of  equal  intensity  is  maintained  for  that  time.     Some 
of  these  lamps  are  fitted  with  an  external  knob,  which  can  be  used  for  the  purpose  of 
stopping  the  clockwork  by  arresting  the  motion  of  the  regulating  wings. 
Moderatenr.  or  Moderator      2.  This  lamp  was  invented  in  1837  ^y  Franchot,  and  as  it  is  more 
Lamp.  simple,  less  liable  to  get  out  of  order,  and  is  cheaper  than  the  clock- 

work lamp,  it  has  in  a  great  measure  superseded  the  use  of  the  latter.    The  essential  part 
of  this  lamp  is  a  large,  well-packed  piston,  which  resting  on  the  oil  contained  in  the 
zeteryoir,  is  forced  downwards  by  means  of  a  spiral  spring,  the  oil  finding  no  outlet  but 
>iigh  a  small  opening,  into  which  is  inserted  a  narrow  tube  leading  to  the  burner.    A 
tteur  lamp  is  exhibited  in  Fig.   278,  the  upper  part  of  the  cut  being  a  front, 
lower  a  sectional  view.     The  oil  reservoir  is  placed  in   the  hollow  body  of  the 
>,  made  of  metal ;   this  reservoir  serves  also  as  pump  body  or  cylinder  for  the 
A,  made  of  a  metallic  disc,  fitted  with  a  leather*  rim  as  packing,  and  also  aoting  as  a 
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valve.  To  the  piaton  te  fitled  the  rod  b,  which  through  Dear);  iti  entire  lanRtb  ia 
liroTided  with  teeth,  bitiiiK  in  thoee  □(  the  bhibU  whoel,  d,  forming  a  luck  imd  irheel-vork 
contrivance,  vhich  admits  of  drawing  the  piston  npwardti  bv  taming  the  handle  of  d. 
When  thuB  wound  np  the  exponnion  of  the  spiral  Rpring  whioh  in  held  at  e  torces 
the  piFiton  downwards.  When  the  reacrTOir  ib  not  filled  with  oil,  the  piston  rests  on 
the  bottom  of  the  Tessel;  and  when  oil  is  ponred  into  the  cap  of  the  lamp,  it  flowg 
downwards  into  the  reservoir  and  on  to  the  apper  surface  of  the  piston:  if  this  is 
next   moved    upwards  or   woand  ap,   there  ia  a  Tacunm   formed  below  it,  and  the 


Fio.  J79. 


1 


Fio.  180. 


almospherio  air  pressing  upon  the  oU  forces  it  downward*  b;  reanon  of  the  Bexibflitj  of 
the  leatLer  packing  acting  bb  a  valve,  until  all  the  oil  ia  below  the  piston  and  the  latter 
fnllj  wound  ap,  when  the  oil  forcBB  the  leather  packing  bo  tightly  against  the  eidea  of  tba 
reservoir  that  there  is  no  way  of  escape  but  by  thi-  tube  c.  whiob  coramunioatei  with  the 
burner.  The  spring  ia  very  accnrately  adjusted,  and  its  eipansinn  regnlated  to  the  balk  of 
oil  which  is  oonsamed,  bo  that  the  wick  is  properly  sapplind.  After  the  lajise  of  snuie 
hoars  the  lamp  has  to  be  wound  ap  again.  In  order  to  prevent  the  oil  passing  througli 
the  tDbecin  too  lonce  a  quantity  at  once  and  being  forced  out  of  the  bumeiaB  a  jet,  there 
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in  bionght  iulo  play  a  cuutriTBUce  which  is  technic&llT  termed  the  modetatenr,  oonsiating 
uf  (FifiB.  379  ^nil  2^)  "  peculiarly  h«nt  wire,  a,  which  ia  placed  in  the  tube  o,  aud  ia  sol- 
dered to  the  inner  tube  of  the  lover  port  of  the  bnmer.  The  lower  and  movable  portion 
of  the  tube  c  is,  wbrn  the  piiitoD  ia  fully  wound  up.  ho  placed  that  a  fits  and  dips  into  c, 
while,  when  the  piston  moves  downwaida,  c  ia  also  lowered,  and  not  partly  plugged  by  o. 
By  this  Brrnngcment  Ihc  flow  of  the  oil  ie  rendered  uniform  and  independent  of  the 
greater  force  of  expansion  exerted  by  the  spiral  apriiig  when  the  lamp  has  been  fully 
wound  ap.  To  some  of  these  lamps  an  arrangomeut  haa  been  fitted,  condsting  o(  «  dial 
and  hand,  eihibiliug  eiteroally  the  position  of  the  piaton.  so  that  it  may  be  seen 
when  the  lamp  again  requires  to  be  wound  up,  and  in  eome  cnses  an  alarum  has  been 
added  for  the  purpose  of  giving  audible  warning  when  the  operation  ia  required.  With 
good  colza  or  sperm  oil  an  excellent  light  is  obtainable,  while  the  machineiy  is  not  veiy 
liable  to  get  out  of  order, 
I'MTDitimi  OH  mil  pirnmii  3-  The  fluids  couimonlj  termed  paraffin  or  petroleum  oils,  tttld 
oiiL.mp..  ^B(,  known  as  kerofen,  pbotogeu,  pyrogen,  4c.,  are  alwaj's  bnmt  in 

Buotion  lamps,  the  oil  reservoir  being  placed  either  below  or  by  the  aide  of  the  wiok. 
MechamMt  lamps,  such  as  the  moderateurlamp.for  instance,  cannot  beascdtorpetTolenm 
oils,  because  these  oils  do  not  lubrioate  the  leather 
Flo.  aSi.  "^  "'^  piston.     As  the  mineral  eila  are  not  viscoos, 

the  capillary  tubes  of  the  wick  can  more  readily 
sock  up  the  oil  from  the  reservoir,  so  that  by  the 
lowering  of  the  level  of  the  flnid  a  toss  of  intensity 
in  the  light  is  hardly  perceptible.  Owing  to  the 
large  quantity  of  carbon  contained  in  these  oils, 
a  smokeless  flame  is  produced  only  by  a  powerfnl 
current  of  air,  which  ia  obtained  partly  by  the  glass 
chimney  aud  parti;  by  the  adjustment  of  the  wick, 
which  should  project  very  slightly  above  the  rim 
of  the  burner ;  while  in  the  paraffin  oil  lamps 
provided  with  flat  wicks  the  object  is  promoted  by 
the  braes  cap  put  over  the  flame  and  provided  with 
an  opening,  below  which  the  admixture  of  air  and 
vapours  of  the  oil  takes  place,  and  also  a  strong 
current  of  air  called  forth  to  aid  the  combnstion. 
In  reality  the  petroleum  and  paraffin  oil  lamps  are 
vapour  lamps  ;  that  is  to  say,  the  vapours  of  these 
licjuidH  yield  the  luminous  flame,  not  the  gases 
resulting  from  the  decomposition  of  the  oil,  as 
obtnina  in  the  case  of  colza  oil  and  candles.  In 
order  to  guard  agaiost  the  possibility  of  an 
explosion,  the  paraffin  oil  lamps  are  all  ao  con- 
trived that  the  flnid  contuned  in  the  reservoir 
does  not  become  heated,  and  for  this  purpose  the 
current  of  air  which  Buataina  the  combustion  is 
made  (o  cuni  the  burner. 

Among  the  man;  paraffin  oil  lamps  one  of  the 
best  is  that  of  Ditmar,  at  Vienna.  TMs  lamp. 
Fig.  381,  consists  of  a  metal  oil  reservoir,  5,  which 
surrounds  the  wieti  tnbe  and  is  connected  with 
that  tube  by  means  of  a  horizontal  tube,  through 
which  the  oil  is  oonyeyed  to  the  wick,  a  is  on 
aperture  for  Ailing  b  with  oil,  and  closed  b;  ■ 
metallic  screw-plug.  The  wick  is  a  circular  argand 
burner  with  doulile  currents  of  air  and  with  glass 
chimney,  c.  The  metallic  beater  or  gallery,  /,  of 
the  chimney  can  be  made,  a^  in  modernteur  oil  lamps,  to  slide  upwards  and  downward* 
for  the  parpose  ol  adjusting  the  height  of  the  bent  narrowed  portion  of  the  glass 
so  as  to  priHluce  the  best  flame.  Tbia  narrowed  part  of  the  glacs  should  stand  about 
three-eighths  of  an  inch  above  the  wick,  as  indicated  by  iLe  dotted  lines  if  and  r, 
so  that  the  greater  port  of  the  flame,  which  should  be  about  C  to  8  oeutims.  high, 
is  above  the  narrowed  portion  of  the  glass.  If  the  glass  is  too  high  the  flame  either 
smokes  or  is  ruddy,  and  wbt'u  too  low  the  flame  ia  small  and  hardly  emits  any  light. 
The  oil  reservoir  of  this  lamp  does  not  become  healed,  since  it  is  kept  cool  by  the  Btrong 
corronl  of  air  drawn  in  by  the  combustion.  In  one  of  the  recently  published  munbera  of 
the  "  Journal  of  the  Society  of  Aits,"   the  petroleum  lamps  of  SUbei  are  very  highly 
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commended.  TheFO  lamps  yield  a  light  equal  to  that  of  twelve  to  forty  wax-candles, 
while  the  construction  is  such  that  they  can  be  used  with  either  mineral  or  fatty 
oils  alternately,  and  without  the  necessity  of  trimming  the  wicks.  We  have  already 
alluded  to  thd  so-called  benzoline  or  sponge  lamps  (see  p.  639). 

in.  .Oas, 

***"  HiStlriS?  jfotS"  *"*  ^^^  many  hundreds  of  years  it  has  been  known  that  fossil  coals 
yield  a  combustible  gas,  and  even  in  very  ancient  times  the  observation  has  been 
made  tliat  large  quantities  of  combustible  gases  were  sometimes  evolved  from  coal 
and  other  mineral  seams,  also  from  salt-mines,  &c.  The  soil  contains  in  many 
localities  such  a  quantity  of  gas  that  by  boring  a  hole  the  escaping  gas  may  be 
employed  for  the  purposes  of  illumination.  In  the  neighbourhood  of  Fredonia, 
State  of  New  York,  a  native  permanent  source  of  gas  exists,  which  having  been 
accidentally  discovered  by  the  pulling  down  of  a  mill  situated  on  the  banks  of  the 
river  Canadaway,  has  been,  by  boring  into  the  bituminous  limestone,  enlarged,  and  a 
gasholder  constructed.  The  native  gas  now  serves  for  the  purpose  of  illuminating 
the  locality.  The  quantity  of  gas  collected  in  twelve  hours  amounts  to  about 
800  cubic  feet,  and  consists,  according  to  Fouqn^'s  researches,  of  a  mixture  of  marsh- 
gas  iCH4)  and  hydride  of  ethyl  (C2H6).  In  the  Szlatina  salt-mine,  situated  in  the 
Marmaro  Comitate  (Hungary),  illuminating  gas  is  constantly  evolved  at  a  depth  of 
90  metres  below  bank  from  a  marly  clay  which  is  interspersed  between  tlie  layers  of 
rock-salt.  This  phenomenon  was  known  in  1770,  and  the  gas  is  now  collected  in  a 
gas-holder  and  used  for  lighting  up  the  mine.  A  small  quantity  of  gas  is  also 
evolved  in  the  Stassfurt  rock-salt  mines.  The  Rev.  Mr.  Imbert,  who  as  a 
missionary  has  travelled  through  China,  states  that  in  the  Province  of  Szu  Tchhouan, 
where  many  bore-holes  for  rock-salt  have  been  made  to  a  depth  of  about  1500  to 
1600  feet,  gas  is  permanently  emitted  and  conveyed  in  bamboo  tubes  to  places  where 
it  is  used  for  lighting  as  well  as  heating  purposes,  more  especially  the  heating  of 
saltpans  in  which  the  brine  is  evaporated.  In  Central  Asia  and  near  the  Caspian 
Sea  tliere  are  at  several  localities  so-called  eternal  fires,  which  are  due  to  the 
constant  evolution  of  gas  fromjthe  soil.  Similar  phenomena  are  observed  at  Arbela 
in  Central  Asia,  at  Chitta-C^ong  in  Bengal,  and  elsewhere,  while  now  and  then  large 
volumes  of  gas  emitted  in  tK^  coal-pits  and  conveyed  to  bank  by  means  of  iron  pipes 
are  suffered  to  burn  for  several  days. 

As  regards  tlie  artificial  production  of  gas  from  coals,  Clayton  and  Hales,  1727  to 
1739,  made  the  first  observations  on  this  subject;  while  the  Bishop  of  Llandaflft 
1767,  exhibited  how  tlie  gas  evolved  from  coal  might  be  conveyed  in  tubes.  Dr. 
Pickel,  Professor  of  Chemistry  at  Wiirzburg,  lighted  his  laboratory,  1786,  with  the 
gas  obtained  by  the  dry  distillation  of  bones.  At  about  the  same  period  Earl  Dun- 
donald  made  experiments  on  gas-lighting  at  Culross  Abbey;  but  it  should  be 
observed  as  regards  these  experiments  that  they  were  made  more  with  the  view  to 
obtain  tar,  and  the  gas  evolved  by  the  distillation  of  the  coals  was  considered  a 
curiosity.  The  real  inventor  of  practical  gas-lighting  is  William  Murdoch,  who  in 
1792  lit  his  workshops  at  Redruth.  Cornwall,  with  gas  obtained  from  coals.  His 
operations  remained  unknown  abroad  for  some  ten  years,  and  hence  the  French 
consider  Lebon  as  the  inventor  of  gas-lighting,  since  he  lit  (1801)  his  house  and 
garden  with  gas  obtained  from  wood.  The  first  more  extensive  gas- work  was 
established  in  1802  by  Murdoch,  at  the  Soho  Foundry,  near  Birmingham,  the 
property  of  the  celebrated  Boulton  and  Watt;   and  in  1804  a  spinning-mill  at 
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Manchester  was  lighted  with  gas.  From  tliat  period  gas-lighting  became  more  and 
more  generally  adopted  in  factories  and  workshops,  but  not  before  the  yesur  181 2  did 
this  mode  of  lighting  become  introduced  into  dwelling-houses  and  streets,  a  few  of 
which  in  Loudon  were  lit  with  gas  in  this  year ;  while  in  Paris  gas  was  first 
introduced  in  1820.  From  that  year  gas.-lighting  may  be  said  to  have  become  of 
general  importance  in  Europe,  and  now  there  is  hardly  any  important  place  on  the 
Continent  where  it  is  not  in  use,  while  as  regards  the  ITnited  Kingdom  in  no  portion 
is  gas-making  and  lighting  so  general  over  town  and  country  as  in  Scotland. 
Among  the  more  recent  improvements  in  this  direction  are  Pettenkofer's  wood  and 
peat  gas  manufacture,  and  Hirzel's  gas  from  petroleum  residues.  The  principle  of 
gas-lighting  is,  as  has  been  already  stated,  tlie  same  as  tliat  of  candles  and  oil  lamps, 
but  tlie  raw  materials  in  use  for  gas-making  are  not  by  themselves  suited  for 
illumination,  and  it  is  therein  that  tlie  great  improvement  is  to  be  found. 

^M^jghtiii!*'  These  are  coals,  wood,  resin,  fatty  substances,  oil,  petroleum,  and 
water,  and  according  to  tlie  material  employed  the  gas  obtained  is  designated  as  coal, 
wood,  resin,  oil,  petroleum,  and  water  gas. 

coaiom.*  I.  Coals  consist  of  carbon,  hydrogen,  oxygen,  and  small  quantities  of 
nitrogen,  mineral  matter,  or  ash,  and  contain,  further,  a  larger  or  smaller  quantity 
of  iron  pyrites.  Teclmically  we  distinguish  in  England  gas  coals,  steam  coals,  and 
household  coals.  As  regards  the  first — the  so-called  cannel  coals  usually  excepted — 
they  belong  to  the  class  termed  caking  coal,  for  the  reason  that  this  kind  of  coal 
when  submitted  to  heat  softens  and  becomes  agglutinated.  According  to  H.  Fleck, 
the  best  kinds  of  gas  coals  contain  upon  ico  parts  of  carbon  2  parts  of  fixed 
[gehundenen)  and  4  parts  of  disposable  (disjwniblen)  hydrogen.  Among  the  beat  gas- 
coals  are  the  so-called  cannel  coals,  the  term  cannel  being  a  corruption  of  candle,  as 
in  former  times  pieces  of  tliese  coals  were  in  some  parts  of  Scotland  and  Lancashire 
used  by  the  poorer  people  to  burn  instead  of  candles.  Cannel  coal  is  chiefly  found 
in  Scotland  and  Lancasliire,  although  tliere  exist  seams  of  cannel  coal  in  some  of  the 
pits  of  Durham  and  Northumberland.  The  Boghead  coal,  or  Torbane  Hill  mineral, 
is  not  properly  speaking  a  cannel  coal,  and  will — excepting  as  specimens  in 
museums — soon  have  disappeared  altogether ;  for  gas  manufacture  it  has  already 
become  quite  obsolete.  In  France  and  Belgium — in  addition  to  large  quantities  of 
imported  English  gas-coals  and  Scotch  cannel — the  coals  of  Mons  and  Commentry 
are  used,  while  in  Germany  the  Saxony,  Silesian,  Westphalian.  and  Rhenish  coal- 
pits yield  excellent  gas-coals.  Gas-coal  should  be  as  much  as  possible  free  from 
sulphur,  and  should  further  contain  only  a  small  quantity  of  ash ;  but  in  practice 
these  points  are  less  attended  to,  because  tlie  defects  of  one  kind  of  coal  are  by  good 
gas-makers  counterbalanced  by  the  better  properties  of  other  kinds. 

I  cwt.  (=50  kilos.)  of  German  coals  yields  on  an  average  14  cubic  metres,  or 
500  English  cubic  feet  of  gas,  and  35  kilos,  or  150  parts  by  bulk  of  coke.  In 
England  it  is  usual  to  compute  the  quantity  of  gas  yielded  per  ton  of  coals ;  on  an 

*  I  cubic  metre  =  35*31  English  cubic  feet. 

40*22  Bavarian 
32*34  Rhenish 
31*65  Vienna 
1000  cubic  feet  English  =  28*31  cubic  metres. 

1 138  Bavarian  cubic  feet. 
915  Bhenish       „      „ 
896  Vienna        „      », 
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average  the  Newcastle  coals  yield  about  9000  to  9500  cubic  feet  of  gas  per  ton  of 
coals ;  cannel  coals  vary  in  yield  from  10,000  to  12,000;  as  regards  the  Boghead  variety 
it  gave  about  15,000  cubic  feet  of  gas,  but  much  depends  upon  the  mode  of  distilla- 
tion and  the  length  of  time  this  operation  is  continued.  It  should  be  borne  in  mind 
tliat  the  best  illuminating  gas  is  given  oflf  during  the  first  hours  of  the  distillatory 
process ;  the  latter  products,  though  adding  greatly  to  the  bulk  of  the  mixture,  contain 
much  of  the  comparatively  useless  gases  and  diluents.  The  mode  of  decomposition 
of  the  gas-coals  may  be  elucidated  by  the  following  diagram,  100  parts  of  coal  con- 
sisting of : — 

Carbon       yS'ol 


Hydrogen 40 

Nitrogen     i"5 

Sulphur      o'8 

Chemically  combined  water  57 

Hygroscopic  water    5*0 

^xsn      •*•     •••     •«•     •••     •••  3^. 


-  yield  - 


xy  OK  6         •••        •••        •• 

niuminatinggas...) 
xar         •«•     •••     •* 
lAmmoniacal  water 


70-75 
30-25 


Prodocti  of  the  DUtillAtlon 

{ Carbon 


1000  lOO'O 

These  may  be  classified  into  four  chief  products : — 

90—95 
•••I10-5 

•  ••  i 
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Sulphuret  of  iron  (Fe7S8)  ... 
xVoU  *••       .*•       *••       •*• 


100 


II.  Ammoniacal 
liquor. 


Main  constituents.  |  S*^^?f  ^  ?^  ammonia,  2(NH,)aC03+COa 

I  Sulphide  of  ammomum,  (NH4)aS 

Chloride  of  ammonium,  NH4CI 
Cyanide  of  ammonium,   NH4CN 
Sulphocyanide  of  am- 
monium, NH4CNS 
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Hydro- 
carbons. 


Fluid. 


SoUd.   . 


C,4H 


'Benzol, 

Toluol, 

Xylol. 

Cumol, 

Cymol, 

Propyl, 
IButyl, 

Naphthaline, 

Acetylnaphthaline, 

Fluoren. 

Anthracen, 

Methylanthracen, 

Reten, 

Chrysen, 

,Pyren, 

Carbolic, 

Cresylic  (cresol), 

Phlorylic  (phlorol), 

Rosolic, 
•j  Oxyphenic, 

Creosote,  consisting  of  | 
three      homologous 
substances, 

*  Has  become  important  as  a  sooroe  of  alizarine,  in  consequenee  of  the  discovery  of 
Chraebe  and  Liebermann,  1869. 


Acids. 


CgHs 

C7H8 

C9H13 

CioHi4 

C3H7 

C4H9,  &c« 

CioHs 
CiaHxo 

(?) 

10 

CieHjji 

CisHia 

CieHio 

CeHeO 

C7H8O 

CsHioO 

C20H16O3 

CeHfiOa 

(C7H8O3  \  *Sf 
CgHioOj^ 
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Midi 
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(pyridine,  CsH.N 
Aniline,  CeH^N 
Picoline,  CeHsN 
Lntidino,  C7H9N 
CoUidine,  G8H„N 


Leucoline,  C9H7N  Coridine 

Iridoline.    CioHoN  Rubidine, 

Cryptidine,  C„HxiN  Viridine, 
Acridine,      CiaHgN 


CX0H15N 

Cx^HigN 


Asphalte  forming  compoonds 


'Anthracen 
Empyreumatic  resins 
.Carbon. 


IV.  Illuminating 
gas. 


a.  Illuminating 
or  light-yield- 
ing constitu- 
ents. 


Gases. 


Vapours. 


Acetylen, 

Elayl. 

Trityl, 
iDitetryl, 
^Benzol, 

Styrolen, 

Naphthaline, 


CaH, 
CaH^ 
C3H6 
C4H8 

CioHs 


Acetyl  naphthaline,    CuHxo 

(?) 


C3H7 
C4H9 


/3.  Diluents,  or  light- 
bearers. 


7.  Impurities. 


Fluoren, 

Propyl, 
'Butyl. 
I  Hydrogen, 
j  Methylhydroffen, 
^Carbonic  oxide, 

Carbonic  add. 

Ammonia, 

Cyanogen, 

Sulphocyanogen, 

Sulphuretted  hydrogen. 

Sulphide  of  carbon. 

Sulphuretted  hydrocarbons 

Nitrogen, 


CH4 
CO 

COa 

NH, 

CN 

CNS 

SHa 

S.C 

N 


MannfMtnnofCMacHM.  Whether  coals,  resin,  wood,  peat,  or  other  materials  are 
employed,  the  manufacture  of  gas  involves  the  three  following  chief  operations, 
viz. : — a.  The  obtaining  of  crude  gas  by  the  process  of  distillation,  b.  The  separa- 
tion of  tarry  and  other  condensable  matters,  c.  The  purifying  of  the  crude  gas  so 
as  to  render  it  fit  for  use. 

a.  The  distillatory  process  or  making  of  crude  gas  is  effected  by  the  application  of 
a  high  temperature — above  red-heat — and  exclusion  of  air,  and  is  carried  on  in 
vessels  which  are  technically  termed  gas  retorts  or  simply  retorts. 

Batorte.  The  retorts  were  in  the  earlier  days  of  gas-lighting  always  made  of  cast- 
iron  and  of  cylindrical  shape,  but  for  the  last  twenty  years  fire-day  retorts  have 
become  very  generally  used,  though  they  have  not  altogether  superseded  the  use  of 
cast-iron  retorts,  which  were  found  inconvenient  for  only  two  reasons,  viz.,  for 
wearing  out  too  rapidly,  and  for  not  admitting  of  being  raised  to  the  very  high 
orange-heat,  which  has  been  adopted  for  the  distillation  of  some  kinds  of  cannel 
coals.  As  regards  the  size  of  the  retorts,  this  varies  according  to  the  requirements 
of  the  works,  but  generally  the  retorts  are  sufficiently  large  to  hold  100  kilos,  of  coal, 
leaving  from  05  to  0'6  of  the  interior  space  unfilled  for  the  purpose  of  affording 
room  for  the  expansion  of  the  coals.  The  diameter  of  such  a  retort  is  about 
54  centimetres  in  the  larger  axis,  and  43  to  45  centimetres  in  the  smaller  axis,  by  a 
length  of  2*5  to  3  metres.  One  end  of  the  retort  is  usually  closed,  although  in  some 
large  gas-works,  as  at  Edinburgh,  Glasgow,  Paisley,  fire-clay  retorts  of  very  great 
length  and  open  at  both  ends  are  in  use,  being  fired  by  two  furnaces  situated  at  each 
end.    In  some  of  the  London  gas-works,  retorts  are  in  use  not  made  of  fire-clay,  in 
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one  or  more  pieces,  but  biiilt  np  with  fire-bricks  or  elsba  of  fire-ela;,  of  a  peonliai 
shftpe.  Mid  made  fur  the  purpose  in  Wales ;  these  slabs  are  put  together  with  a 
cement  of  pure  quartz  sand  and  about  i  per  cent  of  lime,  or  a  claj  which  becomes 
pasty  and  adliesive  in  very  great  heat.  Retorts  of  this  kind  are  cheaper  and  stand 
five  years'  wear.  Betorts  made  of  heavy  boiler-plate  rivetted  together,  as  well  aa 
forged  iron  retorts,  welded  together  like  the  iron  mercniy  bottles,  are  also  in  use,  but 
of  course  are,  in  the  furnaces,  proteeted  from  the  direct  action  of  the  fire  by  properly 
bnilt  arches  and  coverings  of  fire-bricks. 

"""rf^JSuf  "*  Ths  retorts  are  always  fitted  with  a  separate  month-piece,  to  which 
during  the  process  of  distillation  the  lid  is  fastened ;  this  month-piece  is  always 
made  of  cast-iron,  even  in  the  fire-clay  retorts,  to  which  it  is  fitted  by  a  flange  on  the 
retort,  the  flange  of  fire-daj  being  provided  with  six  to  eight  holes  for  putting  in  the 
screw  bolts  for  the  purpose  of  making  a  good  joint.  In  order  to  get  a  gas-tight  joint 
a  mixture  of  iron  filings  and  gypsum  is  used,  which  is  made  into  a  paste  with  an 
aqueous  solution  of  sal-ammoniac.    The  mouth-piece  is  fitted  with  a  short  tube  fbr 
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the  pnrpose  of  giving  vent  to  the  gases  and  vapours  evolved  dnring  the  distillation. 
As  the  mouth-piece  is  placed  outside  the  furnace,  it  is  generally  of  longer  duration 
than  the  retorts,  and  these  are  moulded  to  suit  the  mouth-piece. 

Fig.  2S2  exhibits  the  front  view  of  a  mouth-piece  of  a  O-shaped  retort.  Fig.  3S3 
exhibits  a  eection.  b  is  the  opening  at  the  retort  end ;  r  is  the  lid  for  closing 
the  retort  dnring  the  diatillation.  At  *».  Fig.  aSj,  are  seen  the  cast-iron  eyes 
intended  to  support  the  malleable  iron  bars  for  the  support  of  the  lid.  00,  Fig.  283, 
is  the  flange  wherewith  the  month-piece  is  fitted  to  the  retort,  d  is  the  short  piece 
of  tube.  Fig.  284  is  a  front  view  of  the  cast-iron  hd  of  the  retort ;  and  Fig.  285,  a 
view  of  the  side  of  the  lid  turned  towards  the  retort.  As  will  be  observed,  the  lid  fits 
accurately  into  the  opening  of  the  retort.  The  method  of  closing  or  rather  tightly 
fastening  the  lids  of  gas  retorts  is  exhibited  in  Fig.  i86.  being  a  side  view  of 
the  mouth-piece,  mm  are  the  malleable  iron  bars  on  which  the  lid  is  supported  by 
means  of  the  projections,  rr.  Fig.  3S4.  Through  the  bars  mm  are  cut  openings, 
tlirongli  which  the  cross-bar  p  is  put,  and  in  its  centre  a  hole  with  screw  thread,  into 
which  is  made  to  fit  a  screw-bar  and  handle,  •.  By  turning  the  screw,  the  lid  is 
forced  tightly  against  the  rim  of  the  mouth-piece ;  but  in  order  to  secure  a  gas-tight 
joint,  a  lute  is  used  consisting  of  some  clay  or  spent  purifier  lime  and  clay  miied. 

Another  mode  of  fostening  the  lid  is  exhibited  in  Fig.  287,  being  also  a  side  view. 
The  bars  mm  are  in  this  instance  bent  at  one  end  where  the  cross-bar  a  is 
to  be  placed.    To  that  cross-bar  is  fitted  at  right  angles  anotlier  bar,  r,  provided 
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nt  nnp  end  witli  a  hwivy  iron  Imll,  and  at  the  other  with  a  kneo-bend,  ao  that  by 
pulling  the  ball  dowiiWHrds  tlie  lid,  ii.  is  tightly  fastened. 

iM~niMn.»vL  Tlic  ri-tortH  are  jibiced  in  a  fiimace  in  the  nuuiner  exhibit:^!  in 
Fi)!-  283.  thnt  is  to  say  they  are  placed  liorizontally  and  supported  by  brickwork— 
technically  benches.  Tlie  mnuth-picee  projects  from  the  fnmace,  each  of  which  may 
contain  two  to  three,  five  to  seven,  or  even  tirdve  to  iiixtccn  retorts,  as  in  large  gas- 
works, in  wliich  case  the  lower  rows  are  of  fire-clay,  the  higher  of  iron. 
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**"*5J(JJjJJ5S?'^  ■"*  The  retorts  are  in  some  woris  charged  by  means  of  a  larga 
scoop,  which  being  filled  with  the  quiintity  of  coals  tlie  retort  is  intended  to  be 
charged  with,  is  carried  by  four  men  and  tlicn  Ufieii  int«  the  retort,  and  being  over- 
turned fills  the  retort,  after  which  the  scoop  is  witlidrawn  and  the  lid  of  the  retort 
fostened  on.  But  in  many  gas-works  tlie  eoals  are  thrown  into  the  retorts  with  shorela. 
As  soon  as  the  retorts,  which  previously  to  l)eing  filled  are  always  heated  to  red- 
heat  or  higher,  are  diarged.  and  the  lids  rlosed.  the  evolution  of  gas  is  very  strong, 
and  continncs  so  for  some  time,  until  after  Home  foar  to  five  hours  the  distillation  is 
finished,  or  at  least  tlie  gas  then  given  olf  is  not  worth  collecting.  In  Scotland  the 
distillation  is  not  continued  so  long,  tlivop  or  three  and  a  half  hours  being  deemed, 
with  good  firing,  quite  sufficient,  cannel  ciiuls  giving  off  tli<^ir  gas  more  freely  than 
caldng  coals.  The  lids  are  now  loosened  and  tlie  gas  at  the  moutli  of  the  retorts 
kindled  in  order  to  prevent  exploiiion  by  its  becoming,  as  wonld  be  the  case  if 
the  lids  were  at  once  removed,  mixed  witli  air.  The  red-hot  coke  leit  in  the  retort  is 
raked  out  and  at  once  used  for  firing  the  furnaces,  or  put  into  iron  wheelbarrows 
and  wheeled  out  of  the  retort-house  into  the  yard,  tliere  to  be  quenched  with  water 
and  kept  for  sale.  Cannel  coals  do  not  as  a  rule  yield  a  good  coke,  but  only  hroken-up 
black  shaly  breeze,  which,  however,  along  with  some  dead  oil,  is  used  in  the  Scotch 
gas-works  for  heating  the  retorts.  On  an  averagu  one-third  of  the  coke  obtained  is 
required  for  firing  the  retorts. 

ThiUfdniiiiaMtin.  We  undeistsjid  by  Uie  hydraulic  main  a  vessel  with  which  are 
connected  the  ascending  tubes  leading  from  the  retorts.  As  a  rule  the  hydraulie 
main  is  placed  on  the  top  of  tiie  fumnco  in  which  tlie  retorts  are  ignited.  The 
diameter  of  tlio  aijconding  tubes  varies  of  course  witli  the  size  of  the  retorts,  but  is  on 
an  average  tz  to  16  cenliinetrcR,  Tlic  hydraulic  main,  of  whicli  b.  Fig.  388.  is 
a  section  at  right  angles  lo  Uie  longitudinal  axis,  is  a  wide  pipe  of  cast-iron  or 
of  boiler-plates  rivcttcd  togctlier,  and  liaving  an  average  diameter  of  30  to  60 
centime.  It  is  either  cylindrical  or  O-shnped.  and  extends  over  the  entire  length  of 
the  tow  of  fnmoces.    The  hydranlic  main  in  intended  to  act  as  a  receiver  for  all  the 
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volatile  products  of  the  distillation,  while  at  the  same  time  it  affords  to  every  siiigle 
'retort  a  hydraulio  valve,  shutting  it  off  from  the  other  retorts,  and  preventing 
effectually  any  gas  finding  its  way  back  to  the  retorts  when  opened  at  the  month. 
The  mode  of  connection  between  the  retorts  and  the  hydraulic  main  ia  shown  in 
Fig.  289.  A  is  the  ascending  tube ;  b  the  saddle-pipe ;  o  the  dip-tube  carried  down- 
wards into  the  hydraulic  main ;  d  is  the  main ;  and  m  the  liquid — ^viz.  tar,  or  at  the 
first  starting  of  a  gas-work,  water.  Fig.  290  exhibits  a  somewhat  different  mode  of 
connecting  the  retorts  and  hydraulic  main.  There  is  fitted  to  this  main  a  qrphon 
tube  for  nmning  off  the  excess  of  tar  to  the  tar  cistern,  and  on  the  top  of  the  mtLiri 
is,  as  exhibited  in  Fig.  288,  a  wide  iron  tube  for  carrying  off  the  gas  to  the 
condensing  apparatus. 


Fio.  289. 


Fio.  290. 


CooUng  or  Oondensiiig 
At 


b.  The  volatile  products  of  the  distillation  which  are  not  con- 
densed  in  the  hydraulic  main  are  carried  off  with  the  permanent  gases.  Ihe  reader 
should  observe  that  a  comparatively  very  high  temperature  prevails  in  the  ascending 
tubes  and  hydraulic  main.  These  volatUe  products  are  gas,  steam  vapours  of  tar, 
the  steam  containing  in  solution  and  suspension  various  ammoniacal  compounds. 
Before  the  gas  can  be  purified  it  has  to  be  cooled  and  deprived  of  a  number  of  sub- 
stances which  are  in  fact  impurities,  inasmuch  as  they  would  impede  the  flow  of  gas 
through  the  pipes  if  they  were  not  got  rid  of.  The  condensing  process  may  be  carried 
on  in  various  ways,  but  on  the  large  scale  the  most  efficient  is  the  very  simple 
expedient  of  causing  the  gas  to  pass  through  a  series  of  cast-iron  pipes,  as  exhibited 
in  Fig.  291,  in  vertical  section ;  ako  in  d.  Fig.  288.  These  tubes,  placed  in  the  open 
ai^— in  warm  climates  or  in  hot  summer  weather  arrangements  being  made  to  cod 
the  pipes  externally  by  a  stream  of  water— are  connected  with  each  other  at 
the  top,  and  rest  in  a  large  cast-iron  tank,  p,  which  by  means  of  partitions  is 
diyided  into  compartments  not  communicating  with  each  other,  being  hydraaMcaUy 
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locked.  Each  compartment  is  fitted  with  an  inlet,  m,  and  an  ontlet,  ii>  In  this  tank 
the  gafl-water  or  ammoniacal  liqnor  and  tar  are  collected,  while  the  height  these 
flnids  should  occapy  in  the  lank  is  regulated  bj  a  tube,  d.  or  as  seen  in  Fig.  aSS,  at  n, 
1)7  a  syphon  tube.  The  condensed  liquids  flow  to  the  brickwork  tank,  g,  and  thence 
to  the  tar  cistern.  The  inlet  tubes  dip  to  some  depth  into  the  fluid  so  as  to  force  the 
gas  to  pass  through  it  The  size,  number,  end  height  of  these  condensing  tulw 
depends  on  the  quantitj  of  gas  which  has  to  be  cooled  in  a  given  time ;  on  an 
average  50  to  90  square  feet  of  snr&ce  of  tubes  is  allowed  for  1000  cubic  feet  of  gas 
to  be  cooled  per  hour. 

Thg  senHw,  In  many  of  the  larger  gas-woiks  the  gas,  after  it  has  issued  from  the 
tube  condenser,  is  passed  through  an  apparatus  termed  the  scrubber,  for  the  pnrpoM 
of  more  completely  depriving  it  of  tarry  matter  before  sendii^  it  on  to  the  ptuifiers, 

Pio  291.  v^ 


and  also  for  getting  rid  of  the  ammonia  and  eulphur  compounds.  The  rationale  of 
the  mode  of  action  of  the  scrubber  is  similar  to  that  often  employed  on  a  minute 
scale  in  practical  chemistij,  when  a  gas  or  vapour  is  passed  through  a  glass  tube 
filled  with  pnmice.slone,  so  that  iu  a  limited  space  a  great  surface  is  provided. 
The  scrubber  consists  of  cylindrical  cast  or  malleable  iron  chambers  of  sufficient 
size,  and  filled  with  lumps  of  coke  or  fire-brick,  which  are  oouslantlj  moistened  with 
water.  Fig.  292  exhibits  a  sectional  view  of  a  scrubber,  also  seen  in  Fig.  288  at  00. 
The  cylinder  has  a  diameter  of  \i  to  if  metres,  by  a  height  of  3  to  4  metres; 
the  vessel  is  filled  with  coke,  which  is  kept  moist  by  means  of  water  introduced  by 
the  rotating  perforated  tube,  h.  The  inlet  of  the  gas  is  at  i ;  it  proceeds  upwards 
through  the  column  of  ooke  and  on  reaching  the  top  passes  ofi  downwards  through 
m  to  the  second  scrubber.  At  the  lowest  bend  of  the  exit  or  outlet  tubes  a 
syphon  pipe  is  fitted  for  the  purpoee  of  dninii^  off  watar  and  tany  matters  which 
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collect  iu  tho  reBervoir,  M.  The  iu«  of  Uiu  scrubber — tlie  gas  hardly  requires  mj 
additional  preBSore  to  be  ouried  through  it— «ffiwta  a  saving  of  the  purifying 
materiab,  hme,  &c.,  by  caaBing  the  gas  to  be  tliuronghly  waalied  and  cooled; 
ID  other  terma — mechanically  puriliod. 

Biiuuur.  This  apparatus.  aUo  termed  the  atipirator.  is  placed  between  the 
hydraulic  main,  being  connected  with  tlie  ^as  leading  pipe,  or  between  the 
condenaere  and  the  purifiers.  It  is  intended 
to  suck  or  pnmp  the  gaa  from  the  retorts  so  as 
to  diminish  their  internal  pressure.  Tliis 
pressure  amounts  in  some  caxes  to  nearly 
ij  lbs.  to  tlie  eqnare  inch,  and  it  was  found 
tliat  under  that  prewsure  a  (^eat  deal  of  gas 
was  loaf  throu^'h  the  pores  of  the  lire-clay 
retorts,  especially  when  new,  being  then  cot 
coated  with  a  film  of  grapliite  which  after- 
wards acts  as  an  impenaeable  layer.  The  aspi- 
rators also  serve  lo  lemove  the  gaseous 
mixtoie  as  rapidly  a^  possible  from  the  red- 
hot  retorts  and  coke,  and  tlius  prevent  the 
partial  decomposition  of  valuable  illuminating 
conatituents  uf  tlio  gas.  hy  which  decompo- 
sition, moreover,  llie  retoria,  irou  as  well  aa 
tire-clay,  become  lined  witli  a  graphite-like 
coke,  which  impairs  the  conducting  power  for 
heat,  aa  well  as  decreases  tlie  ititemal  cubic  capaotty  of  the  retorts.  The  intro- 
duction of  exhausters  dates  from  1839,  wlien  Oraflon  made  and  tried  the  first.  His 
arrangement  was — a  box  filled  witli  water  fur  about  three -fonrtlia  of  its  capacity, 
while  iu  the  box.  on  an  axia  projecting  outside,  through  gais-  and  water-tight  stuffing 
boxes,  four  circularly-bent  scoops  were  fixed,  so  that  on  a  rotating  motion  being 
imparted  to  the  axis,  and  thereby  to  the  scoops,  a  partial  vacuum  >vaa  formed,  and  tlie 
gas  inspired  into  tlie  apparatus,  and  Uienco  carried  eff  by  side  tubes.  Tlds  apparatus 
has  never  been  of  any  practical  use  in  gas-works.  Next,  the  so-called  bell 
exhauster  was  used;  the  principle  of  this  apparatus — similar  in  construction  to 
tliat  in  use  in  paper  miilx — being  in  reaUty  notliing  else  than  a  hydraulic  air- 
puiup,  conaisting  uf  two  or  three  large  bell-slinped  iron  vessels,  connected  togetlier 
and  placed  in  tanks  filled  with  water,  and  moved  slowly  upwards  and  downwards  by 
mechanical  power.  Under  each  of  these  bell-aliaped  veasels  an  inlet  and  outlet 
pipe  is  fitted  provided  with  valves.  There  liave  been  a  great  many  variously 
constructed  exhausters  proposed;  some  of  these,  Anderson's  for  iuatance,  are 
similar  to  the  cylinder  blowing  machinea  in  use  with  bkst  furnaces ;  others 
again  are  sunilar  in  conatruction  to  the  double-acting  air-pumpa  of  low-prea«ttre 
marine  ateam- engines ;  sume  to  centrifugal  pumps.  With  the  liie-clay  retorts, 
now  very  generally  adopted  in  gas-works,  the  uae  of  exhausters  IB  almost  a 
necessity,  and  the  apparatus  is  always  fitted  up  with  new  gas-works.  Of  course  an 
accessory  of  the  exhauster  is  a  small  ateam-engine  and  boiler. 

PwunifOmL  c.  The  crude  gaa  having  been  passed  through  the  apparatoa  just 
described,  and  mecliauicaUy  purified,  is  sent  on.  as  it  is  technically  termed,  to  Ihe 
purifiers,  in  order  to  eLminate  by  chemical  means  such  aubatances  aa  sulphuretud 
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hydrogen,  carbonic  acid,  and  various  ammoniftcal  componnds,  carbonate  of  ammonia, 
sulphuret  of  ammonium,  cyanide  of  ammonium,  &c. ;  and  also  some  of  the  compound 
ammonias,  as,  for  instance,  aniline,  iriduline,  &c.  At  the  outset  of  the  gas-lighting 
industry,  quick-lime  was  the  only  material  employed  for  purifying  pui-poses,  this  sub- 
stance being  at  first  employed  in  the  form  of  a  tliick  milk  of  lime,  the  purifier  being 
80  constructed  that  the  crude  gas  was  brought  into  intimate  contact  with  the  fluid, 
which,  in  order  to  prevent  the  lime  from  forming  a  sediment,  was  kept  in  constant 
motion  by  a  stirring  apparatus ;  while  the  purifier,  made  of  cast-iron,  was  provided 
witli  inlet  and  outlet  pipes  for  the  gas,  a  pressure  gauge,  and  the  necessary  syphon 
pipes  and  valves  for  letting  out  the  waste  milk  of  lime  and  re -filling  the  vessel. 
Variously  arranged  wet  lime  purifiers  have  been  devised,  and  among  them  some 
which  act  also  as  exhausters;  but  notwithstanding  the  very  satisfactory  results 
obtained  by  the  use  of  wet  lime  purifiers,  the  gas  being  very  effectually  freed  from 
carbonic  acid,  sulphuretted  hydrogen,  and  ammonia,  there  is  the  defect — ^first,  of 
the  back  pressure  on  the  retorts  and  other  apparatus;  and  secondly,  a  difficulty 
in  the  mode  of  so  disposing  of  the  very  foetid  waste  lime  liquor  as  not  to  create  a 
nuisance;  hence  it  is  that  the  wet  lime  purifiers  have  been  almost  entirely  super- 
seded by  the  so-called  dry  lime  purifiers.  These  are  large  square  iron  boxc^  fitted 
inside  witli  movable  trays  resting  on  ledges  and  provided  with  sieve-like  perforations, 
and  eitlier  made  of  iron  gratings  or  iron  plates,  or  even  wooden  boards,  on  which  the 
previously  slaked  and  somewhat  moist  lime  is  carefully  placed  in  layers  of  uniform 
thickness  to  a  height  of  so  centimetres,  there  being  in  every  purifier  box  from  five  to 
eight  frames.  The  purifier  is  usually  divided  into  two  compartments  by  a  partition, 
80  that  the  gas  which  enters  from  the  bottom  of  one  compartment  has  to  ascend 
through  the  layers  of  lime  of  the  inlet  compartment,  and  to  descend  through  those  of 
the  outlet  compartment.  The  gas  passes  through  the  layers  of  dry  lime  readily 
enough  and  almost  without  producing  any  back  pressure,  and  there  is  no  necessity 
to  render  the  lime  more  porous  by  the  addition  to  it  of  either  moss,  sawdust,  chopped 
straw,  &c.  As  to  the  quantity  of  lime  required  for  the  purpose  of  purifying  a  cer- 
tain volume  of  gas,  it  is  stated  that  for  1000  cubic  feet  of  crude  gas  from 
Newcastle  coals,  2*6  kilos,  of  unslaked  quick-lime  are  required.  With  careful 
selection  of  the  gas-coals  to^be  carbonised,  and  a  well-conducted  distillation  and 
mechanical  purification  of  the  crude  gas,  the  lime  purifying  process,  especially 
if  wet  and  dry  purifiers  both  are  used,  as  is  the  case  in  some  of  the  largest  gas- 
works in  Scotland,  yields  excellent  results,  and  there  is  no  need  for  any  other 
puiifying  materials ;  while  the  spent  lime,  as  is  the  case  in  Scotland,  is  found  useful  as 
a  manure,  as  well  as  for  building  purposes  with  some  fresh  lime  and  sand.  It  is,  how- 
ever, true  tliat  in  many  places  the  gas  thus  made  is  too  impure  for  use  in  dwelling 
houses,  and  a  mora  complete  elimination  of  the  ammonia  and  some  of  the  sulphur 
compounds  is  found  to  be  absolutely  necessary.  Since  1840  an  immense  number  of 
gas-purifying  materials  and  contrivances  have  been  brought  forward  and  tried  but 
again  abandoned.  It  is  entirely  beyond  the  scope  of  this  work  to  enter  into  more 
than  a  very  slight  sketch  of  the  various  gas  purifying  processes ;  but  we  give  the 
following  particulars  on  this  subject. 

It  cannot  create  any  surprise  when  we  find  that  acids  and  metallic  salts  shoold  have 
been  called  in  to  aid  the  absorbing  of  the  ammonia  and  sulphuretted  hydrogen  from  coal- 
gas.  Protosulphate  of  iron  has  been  here  and  there  resorted  to,  of  course  in  aqueous 
solution.  Mallet  (1840)  commenced  the  use  of  the  residue  of  the  chlorine  manufacture, 
crude  chloride  of  mangan^,  for  the  same  purpose.    Far  more  important  is  the  method 


656  CHEMICAL  TECHNOLOGY. 

first  snggested  in  1847  ^y  ^*  Laming,  and  now  generally  known  as  the  Laming  puri- 
fying process.  As  originally  patented,  the  mixture  was  composed  of  protochloride  of  iron 
with  quick-lime  or  chalk,  aud  in  order  to  keep  the  mass  porous  sawdust  was  added. 
Listead  of  protochloride  of  iron,  sulphate  of  iron  is  now  more  generally  used,  and  mixed 
with  previously  sifted  aud  slaked  lime,  and  one-fifth  to  oue-fourth  of  its  bulk  of  sawdust. 
The  mass  is  then  placed  in  beds  or  layers  exposed  to  open  air,  moistened  with  water,  and 
is,  after  twenty -four  hours,  fit  for  \i8e  in  the  same  apparatus  as  is  employed  in  the  dry  lime 
purifying  process.  According  to  the  results  of  the  scientific  researches  of  A.  Wagner 
(1867),  G^lis  (1862),  of  Brescius,  Deicke,  and  others,  the  peroxide  of  iron  of  the  Laming 
mixture  becomes  converted  by  the  sulphuretted  hydrogen  into  sesquisulphuret  of  iron 
(FeaS3),  and  by  exposure  to  air — revivifying  process,  for  which  purpose  old  purifiers  are 
used,  air  being  forced  through-r-the  sulphur  is  separated  again,  and  oxide  of  iron 
mechanically  mixed  with  sulphur  is  left.  This  mixture  may  be  used  several  times,  and 
as  mentioned  in  the  earUer  pages  of  this  work,  the  sulphur  may  be  advantageously 
extracted  from  this  mixture.  Gauthier-Bouchard,  at  Paris,  has  proved  that  the  spent 
Laming  mixture  may  be  used  on  the  large  scale  for  manufacturing  Berlin  blue  and  yellow 
pmssiate  of  potash  ;  while  Menier,  at  Marseilles,  prepares  annually  12  to  15  tons  of  sulpho- 
cyanide  of  ammonium  from  the  spent  gas-purifying  materials.  Very  recently  (1869)  the 
proposition  has  been  made  to  withdraw  the  benzol  contained  in  illuminating  gas  by 
passing  the  gas  through  heavy  oils  of  tar,  from  which  the  benzol,  to  be  used  for  aniline 
making,  is  to  be  separated  by  fractioned  distillation,  and  the  gas  again  rendered  limiinous 
by  passing  it  through  benzoline,  light  petroleum  spirit.  It  is  evident  that  considering  the 
great  bulk  of  gas  to  be  operated  upon,  this  proposal  or  suggestion  will  be  difficult  to  carry 
out  in  practice,  and  also  costly  in  consequence  of  the  apparatus  required. 

om^uw*.  These  apparatus,  sometimes  bnt  less  correctly  termed  gasometers, 
serve  as  well  for  the  purpose  of  storage  of  the  great  bulk  of  the  gas  as  for  causing  a 
sufficient  pressure,  so  as  to  regulate  its  flow  through  the  street  mains  and  burners. 
The  gas-holder  consists  of  three  parts,  viz. : — i.  The  tank,  a  cylindrical  water-tight, 
more  or  less  deep  vessel,  with  vertical  sides,  filled  with  water  as  a  hydraulic  late. 
2.  The  bell,  or  rather  inverted  cylinder,  which  can  move  freely  between  the  stand- 
pillars  by  the  aid  of  grooved  rollers  or  pulleys,  which  work  on  iron  bars  fitted 
against  the  stand-pillars.  3.  The  large  inlet-pipe  which  communicates  with  the 
purifiers,  and  the  outlet-pipe  which  communicates  with  the  street  mains,  each  being 
supplied  with  valves  and  syplion-boxes  for  the  purpose  of  collecting  any  water 
which  might  condense  or  otherwise  find  its  way  into  these  pipes. 

The  tank  was  in  former  days  made  of  wood,  then,  when  the  size  of  the  gas-holders 
was  increased,  of  cast-iron  plates  fitted  \idth  flanges  provided  with  holes  for 
screw-bolts,  the  joints  being  filled  with  cement  so  as  to  make  a  water-tight  vessel. 
Now  the  tanks  are  constructed  by  digging  to  a  greater  or  less  depth  into  the  soil,  the 
bottom  and  sides  being  laid  in  brickwork  wiih  a  water-tight  cement  backed  by  a 
puddling  of  clay.  In  some  few  cases  the  tank  is  constructed  as  exhibited  in  Fig.  293, 
where  a  cone  remains  covered  by  brickwork,  but  as  water  is  generally  plentiful,  and 
is  less  costly  than  the  expense  attending  this  arrangement,  it  is  not  usual.  The 
bell  or  holder  is  always  made  of  sheet- iron  plates  ri vetted  together,  care  being  taken 
either  to  put  red-lead  putty,  or  brown  paper  soaked  with  red-lead  paint  or  thick 
boiled  tar  between  the  overlappings  of  the  plates  so  as  to  obtain  good  joints.  The 
plates  are  inside  and  outside  painted  with  iron-paint  or  coated  with  boiled  coal-tar. 
Formerly,  with  gas-holders  of  a  capacity  varying  from  30,000  to  80,000  cubic  feet, 
the  bell  was  suspended  by  means  of  iron  chains  led  over  pulleys  fastened  to  the 
stand-columns  and  provided  with  heavy  weights  for  the  purpose  of  counterbalancing 
the  too  great  weight  of  the  iron  holder  and  to  regulate  the  pressure  exerted  upon  the 
gas ;  bnt  with  the  very  large  holders  now  in  use,  and  the  practice  of  building  them 
of  thinner  iron  plates,  the  holders  are  simply  made  to  move  freely  between  the 
Btand'Cohmma  as  exhibited  in  Fig.  293.    In  order  to  gain  space  with  the  same  depth 
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of  tank,  the  so-called  telesoopiogas-holden  are  oonstracted,  being,  in  bet,  one  or  more 
ojlindera  fitting  into  each  other  and  capable  of  sliding  npwaids  and  downwsrdi,  the 
topmoBt  cylinder  onlj  being  fitted  with  a  roof,  while  a  gas-tight  joint  is  obtained  bf 


n  hydraulic  late.  The  inlet  and  outlet  mains  are  of  caet-iron,  and  open  just  a  fuw 
indies  above  the  level  of  the  water  in  the  tanlt  (Figs.  288  and  293).  A  peculiar 
constraction  of  gas-holder,  invented  by  Panwele,  at  Paris,  and  in  Dae  in  sume  of  the 
gas-works  of  tltat  dty,  is  exhibited  in  Fig.  294.    The  inlet  and  outlet  pipes,  1  and  b. 


are  in  this  gas  holder  connected  with  the  roof  and  consist  of  aeveral  pieces  with 
joints  fitted  with  gas  tight  stuffing  boxes  the  arrangement  bemg  resdily  understood 
from  the  engraving  The  advantage  is  that  all  chance  of  flooding  of  tlio  inlet  and 
outlet  pipes  is  prevented,  but  tlie  atrangement  is  expensive  and  not  compatible  with 
telesoopio  gas-holders ;  moreover,  the  level  of  the  water  in  the  tanks  of  gas-holders 
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IB  rarely,  if  ever,^  subject  to  any  great  increase  in  height,  because  a  drain-pipe  is 
fitted  to  the  upper  rim  of  the  tank  for  carrying  off  rain-water.  Gas-engineers  well 
enough  know  that  it  is  difficult  in  many  cases  to  prevent  leakage  from  tanks  so 
effectually  that  there  should  be  much  risk  of  the  sudden  flooding  of  the  inlet  and 
outlet  pipes  by  a  rush  of  water.  Small  gas-holders  are  often  provided  with  a  scale, 
the  divisions  of  which  correspond  to  certain  quantities  of  cubic  measure ;  but  large 
gas-works  are  nearly  all  fitted  with  a  station-meter,  through  which  all  the  gas  made 
has  to  pass  previous  to  entering  the  gas-holders,  and  by  means  of  this  meter  a 
control  is  kept  over  the  quantity  of  gas  made.  The  cubic  capacity  of  every  gas-holder 
is  of  course  accurately  known.  The  size  of  the  gas-holders  varies ;  some  at ;  very 
small  works,  for  villages,  railway-stations,  country-seats,  Ac.,  are  only  1000  to  3000 
cubic  feet  capacity,  while  there  exist  gas-holders  of  enormous  size,  45  metres  diameter 
by  20  in  height,  which  contain  i  million  cubic  feet.  According  to  Riedinger's  rule,  the 
cubic  capacity  of  a  gas-holder  should  be  equal  to  a  to  2I  times  the  average  daily 
quantity  required. 

The  filling  of  a  gas-holder  is  proceeded  witli  in  the  following  manner: — ^The  outlet 
main-pipe  having  been  shut  off  by  the  closing  of  the  valve  fitted  to  it,  gas  is  admitted 
through  the  inlet-main  into  the  holder ;  the  gas  accumulating  in  the  latter  exerts  a 
pressure  upon  the  water  in  the  tank,  which  consequently  is  depressed  inside  the 
holder  and  rises  higher  outside  it,  while  gradually  the  holder  is  lifted  by  the  force  of 
the  gas,  the  inlet  valve  being  shut  off  as  soon  as  the  holder  is  filled  to  within  about 
20  centimetres  of  its  height.  When  the  outlet  valve  is  then  opened  the  gas  flows  into 
the  street  mains,  the  pressure  being  obtained  from  the  weight  of  the  holder.  In 
order  to  ascertain  the  quantity  of  the  gas  made,  it  is  measured  by  a  large  gaso- 
meter, technically  termed  a  station-meter,  and  placed  between  the  purifiers  and 
the  inlet  to  the  gas-holders.  The  construction  of  these  station-meters  is  very  similar 
to  that  of  the  ordinary  wet  gas-meters. 

Very  little  is  known  as  to  the  composition  of  the  gas  at  the  different  stages  of  its 
manufacture  from  the  moment  it  enters  the  hydraulic  main  to  tlie  moment  it  enters 
the  street  mains.  The  experiments  of  Firle,  made  at  Breslau  in  i860,  are  very 
valuable,  but  only  relate  to  a  special  inquiry. 

Firle  tested  coal-gas : — {a)  after  it  left  the  condenser ;  (b)  after  it  left  the  scrubber: 
(c)  as  taken  from  the  washing-machine ;  {d)  as  taken  from  the  purifier  containing 
Laming*s  mixture ;  {e)  as  taken  from  the  lime-purifier,  consequently  thoroughly 
purified  gas  as  sent  into  the  holder 

a.  5.  e.  d,  e. 


Hydrogen 

Marsh-gas 

Carbonic  oxide 

Heavy  carburetted  hydrogens. 

Nitrogen 

Oxygen      ,.     , 

Carbonic  acid 

Sulphuretted  hydrogen   ...     . 
Ammonia 


37*97 
3978 

7'2I 

419 
4'8i 
031 

372 
I  06 

o*95 

Referring  these  figures  to  bulk,  and  taking  1000  cubic  feet  of  crude  gas  as  the  unit 
quantity,  we  find  the  following  proportions: — 


3797 

3797 

37*97 

3797 

3881 

3848 

4029 

39*37 

715 

711 

3*93 

3*97 

4-66 

446 

4*66 

429 

499 

6-89 

786 

9*99 

047 

0-15 

048 

o-6i 

387 

339 

3*33 

041 

1*47 

056 

036 

— 

054 

— 

— 

— 
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Onbio  feet, 

a*            b,            e*  d*  €• 

Hydrogen     380        380        380  380  380 

Marsh-gas     390        388        384  403  394 

Carbonic  oxide        ... 72          71          71  39  ■   30 

Heavy  carbupetted  hydrogens  ...      42          46          45  46  43 

Nitrogen       48          50          69  79  100 

Oxygen 3            52  5  ^ 

Carbonic  acid       40          39          34  33  4 

Sulphuretted  hydrogen      15          15            5  3  — 

Ammonia • 10            5          —  ""  — 


1000        999        990        988        966 

The  above  results  exhibit  the  changes  which  the  composition  of  the  gas  undergoes 
during  the  purifying  process  as  well  as  the  action  of  the  di£ferent  apparatus.  When 
1000  cubic  feet  of  gas  composed  as  stated  in  {a)  enter  the  purifying  apparatus,  in 
each  of  these  there  is  taken  up  of  the  absorbable  gases,  chiefly  carbonic  acid, 
sulphuretted  hydrogen,  and  ammonia,  the  under-mentioned  quantities : — 

For  1000  cubic  feet  in  cubic  foot  measure : — 

Washing-     Laming*s        Lime- 
Scmbber.     machine,     purifier.        purifier. 

Carbonic  acid     i  5  i  29 

Sulphuretted  hydrogen    ...  —  10  2  3 

Ammonia    ...     ..*    5  5  —  — 

Carbonic  oxide —  —  32  — 

Oxygen       — ^  3  —  — 

The  original  bulk  of  the  gas  decreases  consequently  steadily,  and  there  remain  of 
1000  cubic  feet  of  crude  gas  after  leaving : — 

The  scrubber   994  cubic  feet. 

The  washing-machine    971 

The  Laming  8  purifier    936 

The  lime-purifier     914 

This  is  correct,  premising  that  the  other  constituents  of  the  gas  are  unabsorbed, 
which  really  is  so,  as  we  may  neglect  the  very  small  quantities  of  marsh-gas  and 
heavy  hydrocarbons,  which  are  kept  mechanically  arrested  in  each  purifying  appa- 
ratus. The  bulk  of  the  gas  is,  however,  slightly  increased  by  an  addition  of 
atmospheric  air.  1000  cubic  feet  of  the  omde  gas  (a)  contain  51  cubic  feet  of  oxygen 
and  nitrogen ;  this  quantity  is  increased : — 

In  the  scrubber  by    4  cubic  feet 

In  the  washing-machine  by    20     „ 

In  the  Laming's  purifier  by    33      „ 

In  the  lime-purifier  by     55     „ 


»»      »» 


>» 


By  this  addition  the  total  bulk  of  the  gas  in  each  apparatus  is  again  increased,  and 
amounts  (taking  account  of  the  variable  quantity  of  marsh-gas  and  heavy  carbu- 
retted  hydrogen  compounds)  for  1000  cubic  feet  unit  quantity: — 


»,        „  „    Laming's  purifier,  to  .    988      „      „ 

„        „  „    lime-purifier,  to...     ...     966      „      „ 
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After  lenving  the  scrubber,  to       999  cubic  feet. 

„    washing-machine,  to  .     990 

„    Laming's  purifier,  to  .    988 

„    lime-purifier,  to 966 

It  is  understood  that  temperature  and  pressure  remain  constant  during  the  puri- 
fying process. 

Diiitribnunn  of  Oat.  Generally,  in  the  United  Kingdom,  and  as  regards  coal-gas  also 
abroad,  the  gas  is  conveyed  to  the  localities  where  it  is  to  be  burnt  by  means  of  cast- 
iron  pipes  laid  underground.  But  so-called  portable  gas  {gas  portatif)  is  still 
made  abroad  and  conveyed  to  the  consumers  in  large  gas-tight  bags  placed  in  cars, 
the  bags  being  emptied  at  the  houses  of  the  consumers  into  small  gas-holders.  The 
ma^terials  from  which  this  kind  of  gas  is  made  are  generaUy  such  (refuse  of  oil,  oil  of 
bones,  very  crude  olive  oil,  resins,  &c.)  as  yield  a  gas  of  far  higher  illuminating  power 
bulk  for  bulk  than  coal-gas.  so  that  a  comparatively  small  bulk  of  gas  will  suffice  for 
even  a  large  number  of  burners.  The  pressure  exerted  upon  the  gas  in  the  holders 
causes  it  to  move  through  the  pipes.  The  amount  of  this  pressure  is,  however, 
usually  regulated  at  the  works  by  a  peculiar  mechanical  contrivance,  so  as  to  make 
it  as  uniform  as  possible  over  the  total  length  of  the  mains  and  service-pipes.  Coal- 
gas  being  lighter  than  air  has  a  tendency  to  rise,  and  for  this  reason  it  is  considered 
preferable  to  build  gas-works  at  the  lowest  level  of  the  locality  it  is  intended  to 
supply,  because  a  less  pressure  is  sufficient  for  moving  the  gas  through  the  mains. 
Tlie  pressure  at  the  burners  should  be  from  0*05  to  0*15  of  an  inch,  water-gauge 
pressure,  while  at  the  gas-works  a  pressure  of  2  i  to  5  inches  (water-gauge)  is  quite 
sufficient  to  force  gas  to  any  distance  within  a  circuit  of  several  miles. 

The  street  mains  are  made  of  cast-iron,  and  laid  under  the  pavement  at  a  suitable 
depth,  varying  from  0*6  to  i'6  metre.  The  service-pipes  in  England  and  on  the  Con- 
tinent are  of  malleable-iron  or  of  lead,  but  in  Scotland  cast-iron  pipes  (even  quarter 
and  half-inch)  are  preferred  and  in  general  use.  The  large  mains  are  put  together 
by  placing  the  spigot  into  the  socket-end  of  each  pipe  alternately,  and  caulking  in 
greased  or  tarred  tow  and  pouring  in  molten  lead.  In  Scotland  the  mains  are  now 
generally  put  on  the  lathe,  and  the  spigot  and  socket  ends  turned  true,  so  as  to  give 
a  gas-tight  joint  simply  by  tlie  aid  of  some  red-led  paint  and  putty  and  a  collar  of 
soft  greased  tow.  Ahhoiigh  carefully  laid,  the  gas-mains  give  rise  to  more  or 
less  loss  by  leakage,  which  is  stated  to  amount  in  some  instances  to  15  or  20,  and 
even  25  per  cent  of  the  gas  made  and  sent  into  the  mains ;  but  if  street  mains  are 
cast  vertically  and  the  iron  be  of  good  quality,  each  pipe  properly  tested  by  hydraulic 
pressure  for  its  soundness  before  being  laid,  and,  moreover,  first  immersed  in  hot 
coal-tar  and  the  joints  well  secured,  leakage  may  be  very  much  reduced,  if  not 
altogether  prevented.  The  mains  should  have  a  sufficiently  large  bore  for  the 
quantity  of  gas  to  be  conveyed  through  them,  so  as  to  reduce  friction.  They  are  not 
laid  quite  level  even  in  level  streets,  but  slope  gently ;  while  at  the  lowest  level 
so-called  syphon-pots  arc  placed  for  the  purpose  of  collecting  any  condensed  water — 
the  gas  is  almost  saturated  with  water  by  being  in  contact  with  it  in  the  gas-holders, 
although  after  some  time  a  thin  layer  of  empyreumatic  matter  covers  the  surface  of 
tlie  water,  thereby  preventing  the  gas  becoming  excessively  saturated.  These 
syphon-pots  are  fitted  with  a  narrow  iron  tube  reaching  nearly  to  the  surface  of  the 
pavement,  being  closed  by  a  screw-cap,  which,  being  unscrewed,  a  hand-pump  may  be 
screwed  on.  and  any  condensed  water  pumped  out  of  the  syphon-pot  or  box.    For  the 
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purpose  of  connecting  the  burners  with  the  service-pipes  narrower  tubes  are  used, 
made  either  of  pure  block- tin  or  of  an  alloy  of  lead  and  tin  or  of  lead  and  copper ; 
the  latter  are,  however,  not  so  readily  bent,  and  have  the  disadvantage  that  there 
may  be  formed  in  them  acetylen-copper,  which,  as  proved  by  Crova,  is  a  very  explo- 
sive compound. 

Hydraaiie  Vaire.  The  valve  represented  in  Fig.  295  is  now  almost  superseded  by  valves 
of  a  totally  different  description,  termed  slide-valves,  and  worked  similarly  to 
those  in  use  for  the  water-mains  common  in  London 
streets.  The  valve  represented  in  the  engraving 
is  placed  near  the  gas-holders,  and  may  serve  either 
for  shutting  off  the  inlet-pipe  to  the  holder  or  for 
the  same  purpose  at  the  outlet-pipe.  The  valve  con- 
sists of  an  iron  vessel,  i  k  l  m,  filled  with  water.  The 
pipe  A  communicates  with  the  gas-holder  and  b 
with  the  street  main.  The  drum -like  vessel,  cbfd,  is 
suspended  over  the  pipes  and  is  counterbalanced  by  the 
weights  X  and  y.  When  the  latter  are  removed  the  drum 
sinks,  and  the  partition  h,  dipping  in  the  water,  outs  off 
the  communication  between  a  and  b. 

PreMore  Retniiator.  Thls  coutrivanoe,  aotiug  antomati* 
cally,  is  arranged  for  the  purpose  of  regulating  the 
supply  of  gas  from  the  gas-holders  to  the  mains.  It 
consists  essentially  of  a  small  gas-holder  connected  with 
a  conical  valve  placed  in  the  outlet-pipe,  while  the  small 
gas-holder  to  which  it  is  fastened  is  very  accurately 
adjusted,  or  provided  with  counterweights,  by  means  of  which  its  position  may  be  set  at  a 
certain  supply  either  per  hour  or  evening,  as  the  case  may  be.  If  from  some  cause  or 
other  the  consumption  of  gas  increases  the  gas-holder  Tsill  sink,  and  the  opening  in 
which  the  conical  valve  plays  becomes  larger,  and  consequently  more  gas  passes  through ;  if, 
on  the  other  hand,  the  supply  decreases,  the  consequence  will  be  that  too  much  gas  enters 
the  small  holder  from  the  large  ones,  and  the  former  rising  draws  the  conical  valve  with  it 
upwards,  thus  more  or  less  completely  plugging  the  outlet-pipe. 

TMtinK  mamiiuitinK  om.  The  causc  of  the  luminosity  of  the  flame  of  gas  is  the  ignited 
carbonaceous  matter.  Everything,  therefore,  which  impairs  tlie  separation  of  the 
carbonaceous  matter  or  chemically  affects  their  proper  ignition,  decreases  the 
luminosity  of  the  flame;  among  these  deteriorating  causes  are: — i.  Excessive 
admission  of  air  or  of  oxygen.  A  coal-gas  flame  burning  in  oxygen  will  be  found  to 
have  lost  its  luminosity,  and  the  same  occurs,  as  is  well  known  and  exhibited  in  the 
Bunsen  gas-burner,  when  gas  is  mixed  with  air  previous  to  being  ignited.  2.  Car- 
bonic acid.  Wlien  red-hot  or  white-hot  carbonaceous  matter  comes  into  contact 
with  carbonic  acid,  tliere  is  formed  carbonic  oxide  (C02+C=2C0),  which  bums 
with  a  blue,  non -luminous  flame.  As  elayl-gas  (C2H4)  becomes  decomposed  by  red 
heat  into  methyl-hydrogen  (marsh-gas,  CH4)  and  carbon  (C),  and  as  the  latter 
reduces  an  equivalent  quantity  of  carbonic  acid  to  carbonic  oxide,  it  is  evident  that 
the  carbonic  acid  deprives  half  its  bulk  of  elayl-gas  of  its  illuminating  power.  Sup- 
pose an  illuminating  gas  to  contain  6  per  cent  of  elayl-gas,  and  also  6  per  cent  of 
carbonic  acid  gas,  the  result  will  be  the  elimination  of  the  luminosity  of  3  per  cent 
of  elayl-gas.  This  proves  the  great  importance  of  the  complete  removal  of  carbonic 
acid  from  gas  by  the  lime-purifler. 

Very  little  has  been  experimentally  proved  as  to  the  relation  existing  between  the 
illuminating  power  of  a  flame  and  the  quantity  of  the  separated  carbonaceous 
particles ;  it  is  probable,  however,  that  this  relation  is  a  direct  one,  and  that  there- 
fore the  luminosity  of  a  flame  is  the  stronger  the  larger  tlie  quantity  of  carbonaceous 
particles  separated,  provided,  however,  that  the  temperature  of  the  flame  be  very 
high,  because  otherwise  the  flame  will  be  eitlier  ruddy  or  smoky.    Although  by  an 
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increased  access  of  air  (as  in  the  case  of  petroleum  lamps  provided  with  a  glftRS 
chimney)  the  combustion  may  be  increased  so  as  to  create  a  very .  high  temperature 
of  the  flame  and  thereby  a  very  white  light,  it  is  probable  that  this  expedient  (espe- 
cially  if  applied  to  ordinary  coal-gas)  would  cause  a  too  sudden  combustion  of  the 
carbon,  rendering  it  useless  for  illuminating  purposes.  Supposing  the  illuminating 
power  of  a  flame  to  be  proportional  to  the  quantity  of  carbonaceous  particles  sepa- 
rated, and  applying  this  principle  to  some  of  the  carburetted  hydrogens  occurring  in 
purified  illuminating  gas,  taking  account  more  particularly  of  the  gases  (CH^)  so 
composed  that  by  ignition  they  become  decomposed  into  methyl-hydrogen  and 
carbon,  we  have : — 
Vol.  Vol.  Vols. 

I  elayl,  CaH4,  which  yields  10  of  methyl-hydrogen  and  2  of  vapour  of  carbon. 
I  trityl,  C5H6.       „        „       1*5  »«      „  „  „    3  „ 

I  ditetiyl,  C4H8,  „        „       10  „      „  „  „    4  „     „ 

and  may  assume  the  illuminating  power  of  these  three  gases  to  be  as  2 : 3 : 4.  Taking 
the  illuminating  power  of  elayl-gas  to  be  100,  the  illuminating  powers  of  the  gases  and 
vapours  contained  in  purified  coal-gas  may  be  represented  by  the  under-mentioned 
figures,  the  vapours  having  been  calculated  at  a  sp.  gr.  =  0° : — Elayl,  100 ;  trityl,  150 ; 
ditetryl,  200;  propyl,  250;  butyl,  350;  acetylen,  450;  vapour  of  benzol,  450; 
vapour  of  naphthaline,  800. 

The  following  figures  exhibit  the  quantity  of  elayl-gas,  for  which  can  be  substituted 
a  combustible  gas  (hydrogen  or  marsh-gas)  impregnated  with  the  vapours  of  hydro- 
carbons at  o^  and  15"  for  yielding  an  equal  amount  of  light.    Impregnation  with — 

At  o".  At  I5^ 

Vapour  of  propyl,  is  equivalent  to     1 1*500  25700  vols.  elayL 

„       ,;  benzol,  „         „  „       9630  23700    „         „ 

„       „  naphthaline,  „        „  „      01 16  00016    ,.        „ 

When,  therefore,  100  litres  of  hydrogen  at  o**  or  at  15**  are  saturated  with  vapours 
of  benzol,  the  illuminating  power  of  the  resulting  mixture  is  equal  to  that  which 
would  ensue  by  mixing  100  litres  of  hydrogen  with  96  or  23*5  litres  of  elayl-gas. 

In  order  to  saturate  100  English  cubic  feet  of  hydrogen-  or  marsh-gas  with  vapours 

of  hydrocarbons,  there  are  required  of : — 

At  o^  At  I5^ 

Vapours  of  propyl     500*00  112800  grammes 

„        „  butyl       17*00  58  00        „ 

„         „  benzol     214*50  522*00        „ 

„        „  naphthaline    032  0*32        „ 

For  the  purpose  of  carburetting  hydrogen-gas  with  vapours  of  benzol  to  saturation, 
2145  grms.  of  benzol  at  o%  and  5220  grms.  of  the  same  at  15°,  would  be  required 
for  1000  cubic  feet  of  gas. 

^S^MnrSw?  ^^  order  to  ascertain  the  relative  value  of  illuminating  gas  four 
diflerent  modes  of  testing  are  now  in  practical  use.  viz. : — i.  Gasometrical  test 
2.  Specific  gravity  test.    3.  Photometrical  tests.    4.  Erdmann's  gas-testing  apparatus. 

I.  The  gasometrical  test  requires  for  its  proper  management  an  accurate  know- 
ledge of  Bunsen*s  method  of  gas  analysis.*    Be  it  sufficient  for  our  purpose  here  to 

*  Anleitzung'  zu  einer  teohnisohen  Leuohtgasanalyse  giebt  Adolf  Bichter ;  Dingler's 
polyt.  Journal  (1867),  Bd.  olxxzvi.,  p.  394. 
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mentioD  that  a  mixture  of  anhydrous  sulphuric  acid  and  ordinary  concentrated  oil  of 
vitriol  has  the  property  of  absorbing  the  heavy  hydrocarbons  contained  in  illumina- 
ting gas,  which  absorption  is  best  effected  by^  bringing  into  an  eudiometer  containing 
the  gas  to  be  tested,  a  piece  of  coke  moistened  with  the  acid,  and  fixed  on  a  piece  of 
platinum  wire.  In  order  to  ascertain  the  quantity  of  carbon  of  these  compounds, 
the  test,  in  which  the  decrease  of  bulk  of  the  gas  indicates  the  relative  quantity 
of  the  hydrocarbons,  is  combined  with  two  separate  eudiometrical  tests,  the  gas 
being  first  ignited  by  itself  with  an  excess  of  oxygen,  and  the  operation  repeated 
with  the  gas  after  it  has  been  acted  upon  by  the  sulphuric  acid.  The  quantity  of 
CO2  obtained  in  the  last  instance  is  then  deducted  from  that  obtained  by  the  first 
operation.  Chlorine  and  bromine  are  very  frequently  employed  to  absorb  the 
heavier  hydrocarbons  present  in  gas,  these  haloids  combining  with  the  hydrocarbons 
as  a  fluid  residue.  According  to  a  method  of  gas  analysis  originally  devised  by 
O.  L.  Erdmann,  and  described  by  G.  O.  Grasse,*  the  gas  first  freed  from  any  carbonic 
acid  it  may  happen  to  contain  is  burnt  from  a  burner  connected  with  a  small 
gas-holder,  by  the  aid  of  oxygen  ;  the  water  and  carbonic  acid  formed  are  collected 
and  weighed.  2.  The  estimation  of  the  value  of  an  illuminating  gas  by  specific 
gravity  is  frequently  employed  in  practice,  as  experience  has  proved  tliat  as  a  rule  a 
higher  illuminating  power  of  gas  (provided  it  be  well  purified  and  freed  from 
carbonic  acid),  is  intimately  connected  with  its  higher  specific  gravity;  but  it  does 
not  follow  that  a  light  gas  is  useless,  while  there  ought  to  be  taken  into  account  the 
durability  of  the  gas,  by  which  is  understood  the  length  of  time  a  cubic  foot  of  the 
gas  will  burn  imder  a  certain  pressure  (as  low  as  possible)  from  a  given  burner, 
and  yield  a  certain  light  to  be  tested  either  by  comparison  with  another  kind  of  coal- 
gas  or  standard  sperm  candles  by  tlie  photometer.  In  Scotland,  the  gas  engineers 
when  testing  cannel  and  other  coals  always  take  into  consideration  and  minutely  esti- 
mate by  means  of  very  accurate  apparatus  these  particulars,  care  being  taken  to  manu- 
facture the  gas  on  the  large  as  well  as  on  tlie  small  scale,  taking  say  |  cwt.  of  coals,  and 
to  compare  both.  In  most  of  the  large  Scotch  gas-works,  a  separate  experimental  gas- 
work,  with  two  or  three  retorts,  and  all  the  necessary  apparatus,  is  to  be  met  with,  as 
it  has  been  found  that  only  by  the  use  of  judiciously  selected  mixtures  of  different 
cannel  coals,  a  gas  of  high  illuminating  power,  great  purity,  and  average  durability, 
can  be  supplied  at  the  price  now  generally  adopted  per  1000  cubic  feet. 

Illuminating  gas  consists  of  a  mixture  of  various  gases  and  vapours,  having 
different  specific  gravities,  viz..  elayl-gas,  0976  ;  methyl- hydrogen,  0*555 ;  hydrogen, 
0*069 1  carbonic  oxide,  0967 ;  carbonic  acid,  i'520.  The  specific  gravity  of  the 
vapours  present  in  coal-gas  varies  of  course  according  to  tlie  bodies  which  are  met 
with  in  the  gas  in  the  state  of  vapour ;  among  these  benzol  is  one  of  the  most 
important  for  illuminating  purposes.  The  estimation  of  the  specific  gravity  of  illu- 
minating gas  as  a  test  of  its  quality  is  only  of  value  if  taken  in  connexion  with  other 
tests  applied  to  the  same  gas.  Dr.  Schilling  has  constructed  an  apparatus  for  the 
purpose  of  taking  the  specific  gravity  of  illuminating  gas.  This  apparatus  is  based 
upon  the  fact  that  the  specific  gravities  of  two  gases  issuing  from  narrow  apertures 
in  a  thin  plate  under  equal  pressure  are  to  each  other  as  the  squares  of  their  time  of 
efiiux.  There  are  several  more  readily  managed  apparatus  for  estimating  the 
specific  gravity  of  illuminating  gas,  and  among  them  those  made  by  Mr.  Wright,  of 
Westminster.    3.  Photometrical  tests  and  apparatus,  Bunsen's,  Wight's.  Desaga*8 

*  Journal  fur  Prakt.  Chemie  (1867),  cii.,  p.  257. 
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(Bothe's  taugental  pliotometer),  and  others  are  freqaiiiitlj  employed  for  testing 
the  value  of  gas  and  comparing  its  illnmiuating  power  with  that  of  lamps  or 
candles.  Aa  the  kind  of  burner  employed  in  tlietM  expei-iments  lias  very  great 
influence  on  the  results,  p}iotometrical  estimations  of  Ihe  value  uf  gases  require  great 
care.  4.  Erdmann's  gns  tester,  introduced  on  tlie  Continent  in  many  gss-works 
Biuce  i860,  is  a  very  useful  and  readily  manageable  instrument,  haaed  upon  the  fact 
that,  as  the  value  of  an  illuminating  goa  depends  mainly  upon  the  quantity  of  heavy 
hydrocarbons  contained,  that  quantity  may  be  measured  by  esUmatinR  the  amount 
of  atmospheric  air  required  to  deprive  tlie  flame  of  the  burning  gas  of  a  given  size 
of  all  illuminating  power. 
oiHDiUn.  At  firHt,  in  the  early  days  of  goa-lighting,  the  barRtiin  between  oonsumer  and 
seller  was  to  pny  a  certain  sura  pec  bnmer  per  hour,  or  lo  Contract  for  a  certain  snm  per 
aunmn  for  a  given  number  of  burners  kept  lighted  from  dunk  till  a  certain  hour  of  the 
nigbt,  at  vhich  time  it  wae  customary  to  have  the  tnmcockB  of  the  gae-vorke  at  hand  on 
their  reepoctive  beats,  to  turn  off  the  supply  of  the  houxe,  by  ehntting  a  tap  placed 
on  purpose  in  the  service  pipes  1  but  although  here  and  there  in  small  towns  in  Italy, 
France,  Spain,  and  Uermany,  this  arrangement  still  eiintfl,  it  in  the  exception  and  not  the 
rule;  the  latter  being  (hat  the  gas  is  sold  by  cubic  moaeare  ssrcgiHtered  by  instruments 
termed  gas-meters,  the  couftniction  of  which  iH—enpeclBllj  in  the  United  Kin|[dom— 
tn^ught  to  such  a  hi(,'h  standard,  that  Mr.  Batter's  remark  ia  perfectly  tme — that  gas 
is  measured  with  greater  accuracy  than  anything  else  either  ineaaured  or  weighed  in 


We  distingniah  between  dry  and  wet  meters  ;  the  construction  of  the  lormer  is  briefly 
the  Jollowiug :— In  a  gnH-tight  inctollio  box  are  pluced  two  or  three  bellows-lile  vesBels, 
which  instead  of  leiuj;  inflated  by  air,  are  inflated  by  the  gas  entering  from  the  eervice- 
pipe.    When  inflated  to  some  extent  an  arraugeiueut  nf  springs  aud  levers  forces  the  gas 


ont  of  the  bellows  again  into  the  exit-pipe  leading  to  the  bmners.  The  enbie  capacity  of 
the  chambers,  (aa  the  bellows-like  arrangements  are  called)  having  been  accurately 
adjusted,  the  movement  of  their  walla  is  commuuicaCed  to  wheel-work,  which  being  eon- 
neoted  with  dials,  indicates  in  tens,  hundreds,  and  thousands,  the  consumption  of  gai  in 
anbic  feet. 

Dry  meters  are  preferred  on  acoonnt  as  well  of  not  being  liable  to  be  affected  by 
frost  as  of  not  causing  the  sudden  eitingoishing  of  the  gas-lights  for  wont  o(  water,  aa  may 
oocnr  with  wet  meters.  Wet  meters  are  constructed  Dpon  a  plan  deviead  in  1817  1^ 
Clegg,  and  improved  by  Crossley  and  others.  Figs.  196,  397,  398,  and  aog,  are 
drawings  of  this  kind  of  meter,  which  consists  in  the  first  place  of  au  outer  cyluidriesl 
box  of  east-iron,  closed  on  all  sides.  In  this  box  is  placed  a  drum  of  pure  blook-till, 
divided  into  four  compartments,  bearing  upon  a  bell-metal  aiin,  and  immersed  for  lathw 
more  than  hall  its  circumference  in  water.    By  the  pressure  oi  tlic  gas  and  the  tntaiag 
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aepreraion  ol  the  water  the  dtom  reroWea.eBch  of  its  oompartmentB  beooming  ftltemateb- 
iillBd  with  and  einplieil  of  gaa.  On  the  aiis  ot  ths  drain  is  an  emllees  wrew,  nhich 
by  meehanieal  means  ia  connected  with  the  wheel-woTk  of  the  diaia.  The  drum  is  Tery 
■courately  adinated,  so  that  at  every  complete  reTolntion  a  certain  cnbio  qnantity  of  gaa 
passeij  through  aud  is  registered.  Fig.  sgfi  exhibits  the  ipparatus  with  the  front  plate 
removed  ;  Fig.  ag?  ahowB  the  side  of  the  meter  ;  Fig.  298  is  sectional  plan ;  and  Fig.  299 
is  a  soclion  through  the  boi.    a  is  the  boi ;  a'  the  drtim ;  b  its  axis ;  c  the  endleM  screw, 
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bearing  is  the  nheel.  d,  and  carryJug  by  means  of  r  the  mcrvement  of  the  dram  on  to  the 

whoelwiirk  of  the  dials./,  g  is  the  inlet-pipe  for  the  gas,  which  flows  into  the  valve  box, 
h,  and  passing  b;  the  iiUve,  t  (kept  open  as  long  as  (he  meter  contains  sufficient  water  for 
its  action),  tlows  throoeh  the  bent  tnbe,  I,  into  the  bulged  cover  of  the  drum,  or 
technically  antechamber,  m.  and  thence  into  the  several  compartments  of  the  drum. 
Thence  the  gits  enters  the  space,  n,  to  which  is  fitted  the  outlet  pipe,  0.  i  is  the  valve ; 
p  tho  float ;  ]  the  funnel  tube  for  filling  the  meter  with  watt'r ;  r  the  waste  water  cistern ; 
I  the  plag  by  the  removal  of  which  lbs  waste  water  may  be  rnn  off.  As  long  as  no  gaa- 
bnmers  are  in  use  the  meter  connected  with  them  is  inactive,  but  when  the  gas  is  burnt 
the  drum  rotates,  and  by  its  commnni cation  with  the  wbeelwork  registers  the  quantity  of 
gas  consumed.  Instead  of  flUing  wet  meters  with  water  they  may  be  filled  with  glycerine, 
which  does  not  freeze  nor  evaporate.  Wet  meters  should  ba  placed  perfectly  level. 
As  regards  their  size  they  are  made  to  snpply  from  three  Itghta  up  to  many  thousands  it 
required.  By  an  Act  ot  Parliament  gaa.meters  are  tested  in  order  to  ascertain  that  they 
register  properly  within  the  limits  ot  the  Act.  Tho  inspectors  of  gas-meters  bava 
beea  provided  with  very  accurate  sets  of  apparatas  made  occonling  to  tour  sets  of  standard 
apparatus,  of  which  one  each  is  in  the  huids  ot  tbe  Corporations  of  London.  Fdinborgb, 
and  Doblin;  while  the  fourth  is  in  the  custody  of  the  CompliDller  ot  the  Exchequer, 
at  Westminster.    These  apparatus  are  masterpieces  of  highly  tliiished  workmanship. 

Bninin.  These  are  made  so  as  to  produce  all  shapes  ot  flame,  and  are  of  different 
materials,  iron,  steel,  porcelain,  steatite,  brass,  platinum-lined,  i£c.  Tbe  bore  from  whioh 
the  flame  ot  tbe  bnining  gas  issues  should  be  arranged,  as  regards  its  width,  for  the 
quality  of  tbe  gas.  consumed — cannel  coal  gaa.buiners,  for  instance,  being  provided  with 
narrower  openingB  than  those  for  commou  coal-gas.  We  have  single  jet  burners,  doubla 
jet  buruprs.  bata'.wing,  fish.tail,  cockspm'.  and  other  varieties ;  also  Argand  burners  ot 
various  sixes,  bored  with  six  to  thirty  or  forty-eight  holes,  or  as  in  the  Dnmas  burner,  a  slit 
instead  of  tbe  holes.  The  quantity  of  gas  consumed  by  different  kinds  of  burners  vaiiesi 
ot  couree,  greatly  for  the  same  kind  of  gas  under  tho  same  prossure.  Much  gas  is  wasted 
because  snlBcient  care  is  not  taken  by  the  consumers  to  have  really  good  burners. 

ou  LuDia.  Of  these  there  is  an  almost  endlexs  variety,  from  the  moat  simple  and  nnpre- 
tentions  to  tbe  highly  ornamented  and  expensive  chandeliers. 

ji[.|.(ijiu«.^oi^.i<u  Among  these  such  aa  are  of  important  commercial  advantage  to 
coal-gas  H'orka  are : — i.  Coke.  2.  Ammonincalliquor.  3.  Tar.  4.  Spent gas-Ume, 
5.  Sulphur  obtained  from  the  Laming  miiture.  In  some  localitieH  Berlin  blua 
is  made  from  tlie  cyanide  of  calcium  of  the  Laming  mixtore  (see  p.  6561.  . 

I.  Coke,  of  whicli  ne  ahall  speak  more  particular!}'  iindei-  the  heading  of  Fiwl, 
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M  gafl-coke  is  more  porous  and  spongy  than  the  oven-coke,  and  hence  better  adapted 
for  use  in  stoves.    In  Germany  the  gas-works  have  now  very  generally  adopted  the 
plan  of  selling  tlie  coke  broken  up  into  small  nut-sized  lumps,  this  operation  being 
performed  by  means  of  machinery ;  the  breeze  is  mixed  with  some  tar  and  burnt 
under  the  retorts  at  the  works.    2.  The  ammoniacal  liquor  is  essentially  an  aqueoua 
solution  of  carbonate  of  ammonia.  2(NH4)aC03-|-C02.    The  quantity  of  ammonia 
contained  in  this  liquid  must  of  necessity  vary  according  to  certain  conditions,  as 
the  quantity  of  water  contained  in  the  coals,  the  larger  or  smaller  amount  of 
nitrogen  tliey  contain,  tlie  degree  of  temperature  and  duration  of  the  process  of  dis- 
tillation.    The  higher  tlie  temperature  tlie  more  nitrogen  will  be  converted  into 
ammonia,  while  otherwise  a  portion  of  it  is  converted  into  aniline,  lepidine,  chinoline, 
Ac.,  and  also  into  cyanogen.    Estimating  gas-coals  to  contain  on  an  average  5  per 
cent  of  hygroscopic  water  and  075  per  cent  of  nitrogen,  100  kilos,  of  such  cool  will 
yield  under  tlie  most  favourable  conditions  910  grms.  of  ammonia  (NH3).     It 
has  been  found  that  i  cubic  metre  of  ammoniacal  water  yields  on  an  average 
(see  p.  230)  50  kilos,  of  dry  sulphate  of  ammonia  i[NH4]aS04),  so  that  20  hecto- 
litres yield  100  kilos,  of  this  salt,     i  ton  of  Newcastle  gas-coat  yields  45   litres 
of  ammoniacal  liquor,  i  litre  of  which  yields  from  74  to  81  grms.  sulphate  of 
ammonia.    3.  Goal- tar,  formerly  a  source  of  inconvenience  to  many  gas-works,  and 
at  any  rate  a  substance  of  very  little  commercial  value,  has  become  since  1858,  of 
great  importance  as  the  raw  material  for  the  coal-tar  colours.    As  already  stated,  tar 
consists  of  fluid  hydrocarbons — benzol,  toluol,  propyl;   solid  hydrocarbons — ^naph- 
tlialine  and  anthracen ;  of  acids — carbolic,  cresylic.  phlorylic ;   of  bases— «niline. 
chinoline,  lepidine,  &c.;  and  lastly,  of  resinous,  empyreumatic,  and  asphalte-fonning 
matters.     The  quantity  as  well  as  the  quality  of  the  tar  obtained  by  the  distillation 
of  coals  for  gas-making  depends  partly  upon  the  kind  of  coal  used  and  partfy  upon 
the  heat  applied  to  the  retorts ;  as  at  a  very  high  temperature,  for  instance  with  the 
tire-clay  retorts,  the  quantity  of  tar  is  less  than  at  a  lower  temperature.     Owing  as 
well  to  tlie  cai'bolic  acid  contained  in  tar  as  to  the  empyreumatic  substances,  it 
has  antiseptic  properties,  and  is  hence  used  for  preventing  the  decay  of  wood 
exposed  to  wind  and  weather,  for  coating  iron,  &c.    Goal-tar  is  also  used  for  the  pur- 
pose of  mixing  with  small  coal,  saw-dust,  peat  dust,  &c.,  for  making  artificial  fuel, 
and   recently,  when    mixed    with    sifted    pebbles,   as   a   substitute   for   asphalte 
to  form  excellent  footpaths.     In  order  to  separate  the  constituents  of  tar  from 
each  other,  it  is  poured  into  a  large  iron   still,  and  heated  to  80**  to   IOO^  for 
the  purpose  of  distilling  off  the  light  hydrocarbons  along  with  any  ammoniaeal  water 
the  ter  may  contain.    After  thirty- six  hours  the  distillation  is  further  proceeded 
with,  and  as  the  latent  heat  of  the  volatile  producte  to  be  obtained  is  very  smsll,  the 
still  ought  to  be  made  as  low  as  possible,  and  the  helm  ought  to  be  well  protected 
against  any  cooling  influence.    At  tlie  bottom  of  the  still  a  tap  is  fitted  for  the  pur- 
pose of  removing,  at  tlie  end  of  the  distillation,  the  molten  pitoh  which  remains.    In 
some  cases,  however,  tlie  distillation  is  pushed  further  so  as  to  leave  only  a 
carbonaceous  residue,  the  still  being  made  red-hot  at  the  bottom;    the  residue 
is  removed  after  the  cooling  of  the  still  by  opening  the  man-hole.    The  distillation 
of  750  to  800  kilos,  of  tar  t:ikes  twelve  to  fifteen  hours.    At  first  the  heat  sliould  not 
be  too  strong,  and  in  many  tar  distilleries  high-pressure  steam  is  passed  through  a 
•eoil  of  pipes  placed  in  the  still,  in  order  to  assist,  together  with  open  fire,  the  first 
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stage  of  the  distillatiou.    The  light  tar-oils  obtained  exhibit  first  a  sp.  gr.  of  0780, 
but  on  an  average  0830.    The  heavy  tar-oil  comes  over  at  200". 

The  light  tar-oil  is  again  distilled,  and  the  distillate  treated  with  strong  sulphuric 
acid,  next  with  caustic  soda  solution,  and  then  again  distilled.  The  treatment  with 
sulphuiic  acid  aims  at  the  removal  as  well  of  basic  substances  (ammonia,  aniline),  as 
of  naphthaline,  wliile,  by  means  of  the  caustic  soda,  the  carbolic  acid  is  fixed.  Tho 
quantity  of  sulphuric  acid  to  be  used  for  this  purpose  amounts  to  5  per  cent  of  Uie 
weight  of  tlie  tar-oil;  while  the  soda  solution  of  1*382  sp.  gr.  (  =  4o''B.)  amounts  to 
2  per  cent  of  that  weiglit.  The  liquid  thus  obtained  is  the  benzol  of  trade; 
it  remains  colourless  on  exposure  to  air,  and  is  a  mixture  of  various  substances  with 
benzol,  toluol,  and  xylol  as  chief  constituents.  It  is  easily  converted  into  nitro- 
benzci  (see  p.  572),  the  starting-point  for  many  of  the  coal-tar  colours.  The  coal-tar 
naphtha,  now  usually  sold  after  the  benzol  has  been  completely  removed  by 
fractional  distillation,  is  used  as  a  solvent  for  caoutchouc  resins,  fixed  oils,  gutta- 
l>ercha.  and  for  burning  in  lamps  peculiarly  constructed  for  the  purpose,  and 
only  used  in  open  air.  Coal-tar  naphtlia  is  also  used  for  carburetting  gas  of  low 
quality.  When  the  crude  oil  of  tar  is  cooled  down  to  —  io\  naphthaline  is 
deposited  from  it,  which,  as  already  mentioued  (see  p.  581),  is  used  for  the  prepa- 
ration of  some  dyes,  and  also  for  the  manufacture  of  benzoic  acid.  The  heavy  oil  of 
tar  is  purified  with  concentrated  sulphuric  acid  and  caustic  soda  ley,  and  freed  from, 
foetid  sulphur  compoimds  by  distillation  over  a  mixture  of  sulphate  of  iron  and 
lime.  By  fractional  distillatiou  between  150"^  and  200°  creosote  is  obtained, 
being  a  mixture  of  carbolic  or  phenylic,  cresylic,  and  phlorylic  acids.  This  is 
the  raw  material  used  for  the  preparation  of  carbolic  acid  and  picric  acid  (see  p.  580), 
also  for  certain  blue  and  red  pigments,  for  creosoting  wood,  for  preserving  anatomical 
preparations,  &c.    Limge  obtained  from  a  ton  of  tar : — 


Benzol  at  50  per  cent 


Best  naphtha  ...     . 
Burning  naphtha    . 

Creosote   , 

Ammoniacal  liquor 


2*88  gallons  =     13*00  litres. 


»» 


2*69        „  =      I2*00 

...      3*51       »  =  1508 

...     8325      „  =  374  hectolitres. 

300      „  =  13-5  litres. 
And  I  If  cwts.  of  pitch. 

The  heavy  oils  of  coal-tar  and  the  pitch  are  now  largely  used  for  the  preparation 
of  antliracen,  from  wliich  artificial  alizarine  is  made.  The  pitch  is  further  nsefuUy 
employed  in  lacquer  and  varnish   making,  and  also  for  asphalting  pavements. 

4.  The  gas-lime  is  used  abroad  for  the  purpose  of  removing  the  hair  from 
hides  and  skins  intended  to  be  tanned,  the  solphuret  of  calcium  contained  in  the 
lime  acting  as  a  depillatory.  In  some  localities  the  spent  lime  is  employed  for  making 
Berlin  blue  from  the  cyanide  of  calcium  contained  in  the  lime,  and  for  the  prepara- 
tion of  sulphocyanogen  compounds,  owing  to  the  sulphocyanide  of  calcium  it 
contains.  As  already  mentioned,  spent  gas-lime  is  largely  used  in  Scotland  as  a 
manure,  which    at   the    same   time   destroys   a   great   many   injurious   insects. 

5.  Sulphur  is  prepared  from  the  Laming  mixture  (see  p.  198),  and  used  for  making 
sulphuric  acid ;  it  might,  perhaps,  be  better  to  extract  the  sulphur  from  the  mixture 
by  means  q{  steam  at  130"*.  The  Laming  mixture  is  occasionally  treated  with, 
heavy  tar-oils  for  the  purpose  of  eliminating  the  sulphur. 
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oompoduon  of  coai-fta        The  foUowlng  figores  exhibit  the  composition  of  purified  coal' 
gas  in  ICO  parts  by  bulk : — 

I.        n.  m.  IV.  V.  VI.  YJL 

Hydrogen    4400  41*37  3980  51*29  50*08  46*0  27*7 

Marsh-gas  (methyl-hydrogen)  38*40  38*30  43*12  36*45  35-92  39*5  500 

Carbonic  oxido   5*73        5*56  466  445  5*02  7*5  6"8 

413        5' 

3'H        4*34 

423        5*43  465  i'4i  1*89  o*5  o*4 

—  —  —  0-41  0*54  —  — 
0-37         —  302  1*08  1*22  07  O'l 

—  —  —  —  —  Z'O   i  2*0 


■■•      ... 


Elayl 
Ditetryl 
Nitrogen 
Oxygen 
Carbonic  acid 
Aqneons  vapour 


•■•     • <• 


•• •     • •• 


• ••     •• • 


I*!?l     ^'75        491        533        3-8       13*0 


•  •  •       •  •  • 


I 


I.  and  n.  Heidelberg  coal-gas.  III.  Bonn  coal-gas,  analysed  by  H.  Landolt.  IV.  and 
V.  Chemnitz,  Saxony,  coal-gas  analysed  by  Wander.  VI.  London  coal-gas  (1867). 
Vn.  London  cannel  gas  (1867). 

wood-gM.  II.  As  already  mentioned  (p.  645)  the  French  engineer  Lebon  was 
engaged  in  1799  with  the  making  of  gas  from  wood,  and  brought  out  an  apparatus 
termed  by  him  a  tlkermolamp,  wliich,  however,  was  neither  found  to  answer  for 
heating  nor  for  illuminating  purposes,  as  tlie  illuminating  power  of  the  gas 
obtained  by  his  process  from  wood  was  very  inferior  and  could  not  compete  with  the 
eoal-gas  which  became  known  soon  after.  The  reason  why  wood,  as  converted  into 
gas  by  Lebon's  apparatus,  did  not  give  satisfactory  results  is  explained  by  Dumas, 
by  proving  that  under  the  conditions  of  tlic  distillation  of  wood  employed  by 
Lebon,  the  gas  evolved  consists  cliiefly  of  marsh-gas  and  carbonic  oxide,  both  of 
which  can  scarcely  be  considered  luminous  gases.  In  the  year  1849.  Dr.  M.  von 
Pettenkofer,  at  Munich,  resolved  to  experiment  on  the  manufacture  of  gas  from 
wood,  and  he  found  that,  as  stated  by  Dumas,  when  wood  is  submitted  to  distillation 
in  a  manner  similar  to  coal,  the  gas  produced  is  entirely  unfit  for  illumination^ 
as  in  addition  to  carbonic  acid,  there  are  only  formed  carbonic  oxide  and  marsh-gas. 
But  Dr.  Pettenkofcr  also  found  that  when  the  vapours  of  tar  and  empyreumatic  oils 
given  oflf  by  tlie  carbonisation  of  wood  at  a  comparatively  low  temperature  are 
further  heated  by  passing  through  a  red-hot  retort,  a  very  large  quantity  of  heavy 
hydrocarbon  gas  remains  among  the  products,  so  that  then  wood  yields  a  better  gas 
than  coal. 

While  coals  are  not  perceptibly  acted  upon  by  a  temperature  as  high  as  200^  wood 
gives  off  combustible  vapours  at  ISC'";  and  in  order  to  understand  the  process  of 
wood-gas  manufacture,  we  must  distinguish  between  the  temperature  at  which  wood 
is  carbonised  or  converted  into  charcoal  and  empyreumatic  vapours,  and  the  tem- 
perature at  which  these  vapours  are  converted  into  permanent  gas  suited  for  illumi- 
nation. Goals,  resin,  and  oils  yield  an  illuminating  gas  at  once,  when  submitted  to  dry 
distillation  in  gas  retorts,  because  the  temperature  of  carbonisation  and  of  formation  of 
gas  are  nearly  tlic  same  ;  consequently  the  vapours  formed  by  the  dry  distillation  of 
these  substances  are  far  higher  in  illumination  power  than  obtains  in  the  case  of  wood. 
Therefore  the  apparatus  in  use  for  coal-  and  oil-gas  preparation  are  not  suited  for  making 
wood-gas.  Some  of  the  substances  rich  in  carbon  and  hydrogen  met  with  in  wood-tar 
(Stockhohn  tan)  boil,  by  themselves,  at  a  higher  temperature  (200*  to  25Q*')  than  that 
at  which  tliey  are  formed  from  wood ;  and  the  illuminating  power  of  wood-gas  is  in 
a  great  measure  due  to  their  conversion,  b}*  a  higher  temperature,  into  permanent 
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^es.  The  manufacture  of  wood-gas,  therefore*  requires  in  die  first  place  i,  retort 
in  which  the  wood  is  converted  into  vapour,  and  another  retort  or  generator, 
in  which  the  vapours  are  rendered  gaseous.  At  first  the  carbonising  retort,  of 
the  same  shape  as  the  ordinary  coal-gas  retorts,  was  connected  with  a  series  of  iron^ 
tubes,  which  were  made  red-hot,  and  Uirough  wliich  the  vapours  given  off  by  the  car* 
bonisation  of  the  wood,  at  a  temperature  of  250''  to  300"*,  were  passed  to  be 
converted  into  gas :  but  now  large  retorts  are  used  for  this  purpose,  about  three 
times  as  large  as  the  carbonisation  retort,  which  holds  60  kilos,  of  wood,  and  there 
is,  therefore,  ample  space  for  the  conversion  of  the  vapours  into  gas.  As  regards  the 
quality  and  quantity  of  gas  obtained  from  different  kinds  of  wood,  there  is  no  very 
great  difference,  as  may  be  inferred  from  the  under-mentioned  results  of  the 
researches  made  by  W.  Eeissig,  who  operated  upon  aspen  wood  (i) ;  linden  wood  (2) ; 
larch  wood  (3) ;  willow  wood  (4) ;  fir-tree  wood  (5) ;  and  white  wood  or  Memel 
timber  (6). 

50  kilos,  (i)  gave  of  purified  gas  592  cubic  feet,  and  99  kilos,  of  charcoal. 


50 

(2) 

50 

(3) 

50 

(4) 

50 

(5) 

50 

(6) 

»l  »» 

»»  »» 

If  »» 

»»  »» 

»»  »» 


620 — 640 

»9— " 

»t             t 

550 

M       125 

»»            f 

660 

„   90 

)»            >i 

648 

»»    95 

0            If 

564 

M     9*2 

»»            »» 

That  the  crude  wood-gas  contains  a  large  quantity  of  carbonic  acid  may  be 
inferred  from  the  following  results  of  analysis  by  Pettenkofer,  the  gas  having  been 
made  of  wood  as  much  as  possible  free  from  resin : — 

Heavy  hydrocarbons     69 1 

Marsh-gas  (metliyl-hydrogen)      ...  11*06 

Hydrogen        i5'c>7 

Carbonic  acid 2572 

Carbonic  oxide       40*59 

One  volume  of  the  heavy  hydrocarbons  contained  282  volumes  of  vapour 
of  carbon.  The  carbonic  acid  is  removed  from  the  crude  gas  by  means  of  hydrate 
of  lime.  According  to  Keissig's  researches,  the  composition  of  purified  wood-gas  is 
the  following : — 


X. 

2. 

3- 

4- 

Heavy  hydrocarbons        

724 

7-86 

900 

7*34 

Hydrogen 

31-84 

48-67 

29*76 

2960 

Light  hydrocarbon  gas  (marsh-gas) . . . 

3530 

2X17 

20*96 

2402 

Carbonic  oxide 

2562 

22*30 

4028 

3904 

lOO'OO    lOOOO    lOO'OO    100*00 

''•*i2iSiiS2J:^  The  wood,  chiefly  fir-wood,  is  first  dried  for  twenty-four  hours  in 
a  drying  room,  generally  brick'built,  and  heated  by  the  waste  heat  of  the  retort 
furnaces.  The  carbonising  retort  is  filled  with  50  to  60  kilos,  of  wood  and  the  lid 
screwed  on ;  the  distillation  is  finished  in  1 1  hours,  and  after  the  removal  of  the 
carbonic  acid  there  is  obtained  about  16  cubic  metres  (nearly  600  cubic  feet)  of  good 
illuminating  gas.    Li  some  places,  where  wood-gas  is  regularly  made,  it  is  preferred 
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to  distil  with  the  wood  some  Scotch  bogliead  coal  or  Bohemian  foliated  coal  {Blaitd 
kohU), 

wood-OMBoman.  The  coDstmction  of  the  burners  is  of  great  importance  with  regard 
to  wood-gas  illumination.  The  sp.  gr.  of  this  gas  amounts  on  an  average  to  0*7, 
while  that  of  ordinary  coal-gas  scarcely  every  reaches  05  ;  the  lighter  the  gas  the 
more  readily  and  rapidly  it  flows  out  and  expands  in  the  air,  and  the  heavier  the 
gas  tlie  more  slowly  and  difficultly  it  issues  and  expands.  A  light  gas  will  not  on 
issuing  into  the  air  separate  its  particles,  wliile,  on  the  other  hand,  a  heavy  gas  will, 
by  exerting  greater  friction,  mix  with  the  air;  in  order  that  this  effort  shall  not 
injure  tlie  luminosity  or  the  gas,  the  openings  in  wood-gas  burners  must  be  con- 
siderably larger  than  in  coal-gas  burners.  When  wood-gas  is  burnt  with  rather 
strong  pressure  from  coal-gas  burners  calculated  to  consume  70  to  100  iitrea 
(3  to  4  cubic  feet)  per  hour,  Uie  flame  is  scarcely  luminous,  while  when  bumt  from 
burners  with  large  openings,  wood-gas  yields  a  light  exceeding  that  of  coal-ga8« 
According  to  the  experiments  made  in  1855  by  Drs.  Liebig  and  Steinhill,  the  illu- 
minating power  of  coal-gas  and  wood -gas  used  each  at  4)  cubic  feet  per  hour  was 
found  to  be : — 

For  coal-gas   =  10*84  normal  wax-candles. 
„    wood-gas  =  12-92       „         „ 

so  that  the  average  illuminating  power  of  coal-gas  stands  to  that  of  wood-gas  as  6  :  5. 
The  advantage  of  wood-gas  manufacture  over  that  of  coal-gas  (only  of  course  in  locali* 
ties  where  wood  is  very  abundant  and  coal  either  not  to  be  had  or  at  great  cost)  is 
evident  enough,  because,  in  addition  to  less  complicated  apparatus  than  required  for 
coal-gas,  the  manufacture  of  wood-gas  yieldsfar  more  valuable  by-products,  wood  char- 
coal being  the  chief  of  these.  Wood,  moreover,  3delds  weight  for  weight  more  gas 
than  coal  in  a  shorter  time  and  of  higher  illuminating  power,  while  the  gas  is  abso- 
lutely free  from  sulphur  and  ammoniacal  compounds,  so  that  by  the  burning  of  wood- 
gas  no  sulphurous  acid  can  be  formed.  As  the  distillation  of  wood-gas  proceeds 
mpidly,  one  retort  kept  continuously  in  action  for  twenty -four  hours  will  yield 
10.000  cubic  feet,  while  for  coal-gas  only  4000  cubic  feet  are  obtained  with  one  retort 
in  the  same  time.  On  the  other  hand,  wood-gas  requires  for  purifying  purposes  a 
very  large  quantity  of  quick-lime.  The  wood-tar,  about  2  per  cent  of  the  weight  of 
the  dry  wood,  and  the  wood- vinegar — 100  parts  of  wood  yield  0*5  to  075  parts  of  dry 
acetate  of  lime — are  usefully  applied ;  the  tar,  however,  is  in  some  localities  bumt 
under  the  retorts. 

PMU}aa.  III.  When  peat  is  submitted  to  diy  distillation,  there  is  obtained,  as  with 
coals,  an  aqueous  distillate,  tar,  and  carbonised  peat  or  peat-coke.  Vohl  obtained  by 
the  dry  distillation  of  an  air- dried  peat,  taken  from  a  high  moorland  in  the  canton 
Zurich,  Switzerland,  from  100  parts : — 

VT^S    ...       ...       ...       ...       ...       ...       ...       ...       ly  OZS 

^cu^    ...     ...      ...     ...     ...     .*.     •..     ...       ^  375 

Aqueous  distillate 52*000 

Peat-coke ^    25*000 

The  products  of  the  dry  distillation  of  peat  are : — 
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Bases.  - 


/Ammonia. 

Ethylamine. 

Picoline. 

Lutidine. 

Aniline. 
^Csespitine. 


Acids.  - 


Carbonic. 

Sulphuretted  hydrogen. 
Cyanhydric. 
Acetic. 
Propionic. 
Butyric. 
Valerianic. 
.Cai'bolic. 


Gaseous  products. 


^  Heavy  hydrocarbons. 
Light  hydrocarbons. 
Hydrogen. 
.  Carbonic  oxide. 


The  apparatus  in  use  for  making  wood-gas  answers  the  purpose  of  making  peat- 
gas.  W.  Reissig,  who  has  for  a  long  time  been  engaged  in  experimenting  on 
peat-gas  manufacture,  used  a  fat  peat  from  tlie  neighbourhood  of  Munich,  con- 
taining ver}'  little  ash  and  14  to  15  per  cent  of  water.  On  an  average  i  Bavarian 
cwt.  of  this  peat  yields  426  Bavarian  cubic  feet  of  gas ;  134  lbs.  of  this  peat  yield 
337  English  cubic  feet  of  gas.  The  gas  is  evolved  at  first  very  rapidly,  as 
is  also  the  case  with  wood,  but  the  evolution  of  gas  from  peat  decreases  more 
uniformly  and  steadily  thian  it  does  from  wood.  Reissig's  experiments  prove  that 
peat-gas  may  be  prepared  of  very  good  quality ;  he  found  the  purified  peat-gas  to 
consist  of: — 

I.  Heavy  hydrocarbons       9*52 


Light  hydrocarbon  gas 

xiyoxogen  •••     •.•     •••     •••     •••     •••     •.. 

Carbonic  oxide 

Carbonic  acid  and  sulphuretted  hydrogen 


4265 

2750 

20-33 

traces 

lOO'OO 


The  analysis  of  another  gas,  made  with  a  very  excellent  peat,  gave  the  following 
result: — 

II.  HeaTyhydrocarbonsj^^jiyl  =9:5*j  = 
Light  hydrocarbons 

xxyufogeu  •.•      •.•      ..•     •.•      •••      •.•      ••• 

Carbonic  oxide 

Carbonic  acid  and  sulphuretted  hydrogen 

A^iiirouen     •..     •..     ...     •••     •••     ...     ..• 


.     1316 

.     3300 

.     3518 

.     i8'34 

000 

.      032 


lOO'OO 

waur^M.  IV.  The  maiiiiiiBu;tnre  of  water-gas  essentially  consists  in  forcing  steam 
through  iron  or  fire-clay  retorts  filled  with  red-hot  charcoal  or  coke.  The  steam  is 
decomposed,  yielding  a  mixture  of  hydrogen,  carbonic  oxide,  and  carbonic  acid  gases, 
with  a  small  quantity  of  marsh-gas.  The  purified  gas,  consisting  essentially  of 
carbonic  oxide  and  hydrogen,  is,  although  not  luminous  when  burnt  by  itself,  suitable 
for  illuminating  purposes  under  the  following  conditions: — i.  By  placing  on  the 
burners  small  platinum  cylinders  which,  by  becoming  white-hot,  yield  a  strong  light 
— Gengembre's  and  Gillard's  plan.  2.  By  impregnating  the  gas  with  vapours  of 
hydrocarbons,  a  more  common  plan,  the  original  idea  being  due  to  Jobard  (1832)  of 
Brussels. 
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The  determinations  of  the  compositions  of  water-gas  vary  very  much.  Jacqaelain 
and  Gillard  state  tliat  the  crude  gas  obtained  by  them  is  a  mixture  of  hydrogen  and 
carbonic  acid,  wliich,  after  having  been  purified  by  means  of  lime,  consists  essentially 
of  hydrogen.  But  it  is  stated  by  otliers,  and  not  witliout  good  reason,  that  the 
purified  gas  contains  carbonic  oxide  and  hydrogen;  and  Langlois's  results  agree 
witli  this  account.  The  formation  of  i  molecule  of  carbonic  oxide  requires  i  mole* 
cule  of  steam,  the  hydrogen  of  whicli  is  set  free,  C+HaO=CO+Ha.  When  the 
carbonic  oxide  meets  again  >vith  steam  at  a  higher  temperature,  it,  as  has  been 
experimentally  shown  by  Dr.  Verver,  withdraws  oxygen  from  the  steam,  forming 
carbonic  acid,  while  some  hydrogen  is  again  set  free  :  COH-HaO=COa+Ha.  Only 
when  the  carbonic  acid  is  not  ^^dthdrawn  rapidly  enough  from  the  retorts  is  its 
re-conversion  into  carbonic  oxide  by  contact  with  tlie  red-hot  charcoal  possible. 

pffiSnmoS.  I^  ^®  y®*^  1846,  Gillard  established  at  Passy,  near  Paris,  a  gas- 
work  for  the  purpose  of  manufacturing  hydrogen  by  tlie  decomposition  of  water. 
At  first  the  steam  was  decomposed  by  passing  it  through  retorts  filled  with 
ret-hot  iron  wire,  the  idea  being  to  re-convert  the  oxidised  iron  to  tlie  metallic  state ; 
but  as  this  process  did  not  answer,  Gillard  commenced  decomposing  the  steam  by 
passing  it  through  a  retort  filled  with  red-hot  charcoal.  The  crude  gas  thus 
obtained  is  readily  freed  from  the  large  quantity  of  carbonic  acid  it  contains,  by 
crystallised  carbonate  of  soda,  which  is  converted  into  bicarbonate  of  soda.  The  gas 
is  burnt  from  an  Argand  burner  provided  with  numerous  small  holes,  and  the 
flame,  not  luminous  by  itself,  is  surrounded  by  a  net-work  of  moderately  fine 
platinum  wire,  which  on  becoming  white-hot  is  luminous.  In  Paris  this  gas  is 
known  as  platinum-gas  [gaz-platine).  It  is  free  from  smell,  bums  without  smoke  or 
soot,  and  for  this  reason  is  preferred  by  gold  and  silversmiths  and  electro-gilders. 
The  illuminating  power  of  this  gas  exceeds  that  of  coal-gas  in  the  proportion, 
according  to  Girardin,  of  130  :  127.  The  flame  is  quite  steady,  because  the  light- 
producing  substance  is  a  solid  body  at  a  white  heat.*  According  to  Dr.  Verver's 
researches  there  are  used  at  Narbonne,  France,  for  tlie  production  of  i  cubic  metre  of 
this  gas  0*32  kilo,  of  wood-charcoal,  and  for  heating  the  retorts  141  kilos,  of  coals. 

c«burrtt«d  water^as.  While  engaged  in  his  experiments  on  tiie  oil  obtained  by  the 
strong  compression  of  oil-gas,  Faraday  proved  that  if  mar8li*ga8,  which  bums 
with  a  scarcely  luminous  flame,  is  impregnated  with  this  oil,  it  becomes  a  very 
luminous  gas.  Lowe  proposed,  in  tlie  year  1832,  that  common  coal-gas  should 
be  rendered  more  luminous  by  impregnating  it  with  vapours  of  tar-oil  or  petroleum. 
He  also  showed  that  with  the  aid  of  steam  and  red-hot  coke  a  mixture  of  carbonic 
oxide  and  hydrogen  might  be  obtained  and  rendered  luminous  by  impregnation  with 
these  vapours.  Afterwards  Jobard,  at  Brussels,  took  up  tlie  subject  and  communi- 
cated his  researches  to  the  French  gas-engineer  Selligue,  who  having  at  an  earlier 
period  (1833)  been  engaged  with  similar  researclies,  entered  upon  the  subject  with 
great  energy,  and  employed  carburetted  water-gas  for  illuminating  purposes  on  the 
large  scale.  Selligue  used  the  oil  obtainec^  from  a  bituminous  shale  for  the  purpose 
of  carburetting  tlie  water-gas,  the  oil  being  obtained  in  the  same  manner  as  such  oil 
is  now  made  from  various  kinds  of  cannel  coal  and  bituminous  shales.  8elligue*'s  gas- 
making  apparatus  consisted  of  a  battery  of  three  vertical  retorts  kept  continuously 

*  Sohinz  has  lately  published  an  essay  on  this  gas ;  see  Dr.  Wagnor^s  "  Jahresbericht 
der  chem.  Tochnologie,"  1869,  p.  731. 
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red-hot,  two  of  tliese  retorts  beiag  filled  with  charcoal  or  coke  of  good  quality 
and  very  free  from  sulphur.  Into  the  first  of  these  retorts,  which  are  connected 
togetlier,  steam  is  introduced,  forming  with  the  red-hot  charcoal  carhonic  oxide  and 
hydrogen.  This  gaseous  mixture  passing  through  the  second  retort,  also  filled  with 
cliarcoal,  is  there  deprived  of  any  carhonic  acid,  which  is  converted  into  carhonic 
oxide.  This  is  the  reverse  of  the  method  of  water-gas  making  now  employ ed» 
where  the  carbonic  oxide  is  converted  into  carbonic  acid,  to  be  next  removed  from 
tlie  gaseous  mixture  by  means  of  lime.  The  very  hot  mixture  of  hydrogen  and 
carbonic  oxide  is  next  passed  into  the  tliird  retort,  which  is  filled  for  two-thirds  of  its 
height  with  iron  chains  kept  red-hot,  while  a  continuous  stream  of  the  oil  of  the 
bituminous  shale  flows  from  a  reservoir  through  a  syphon-pipe  into  this  retort  (to 
every  10,000  litres  of  gas  5  kilos,  of  oil  are  admitted),  and  upon  becoming  decomposed, 
mixes  with  tlie  carbonic  oxide  and  hydrogen,  forming  a  gaseous  mixture,  which, 
notwithstanding  the  large  quantity  of  carbonic  oxide  contained,  bums  with  a  highly 
luminous  flame,  the  gas  being  at  the  same  time  of  great  durability.  A  gas-furnace 
upon  Selligue's  plan  and  containing  six  retorts  in  two  batteries,  together  of  6  cubic 
metres  capacity,  yielded  in  twenty-four  hours  24.000  to  28,000  hectolitres  (=84,768 
U)  98,896  English  cubic  feet)  of  excellent  gas,  with  a  consumption  of  1231  kilos,  of 
oil  of  bituminous  shale,  400  kilos,  of  wood-charcoal,  and  16  hectolitres  of  coal  for 
firing  tlie  retorts. 

Selligne*8  process  has  given  rise  to  the  following  methods: — i.  Whitens  hydrocarbon 
process,  in  which  steam  and  gas  are  made  from  coals  (originally  resin  was  employed,  but 
cannel  coals  have  been  substituted)  under  the  influence  of  a  jet  of  superheated  steam 
passed  through  a  red-hot  retort.  2.  Leprince*6  process,  Gas  mixte  Leprince,  is  an 
improved  hydrocarbon  process,  the  products  of  the  decomposition  of  steam  and  coke 
being  carried  at  a  suitable  temperature  and  in  the  same  retort  (provided  with  a  partition 
and  thus  divided  into  two  compartments)  over  coals  in  process  of  carbonisation. 
3.  Isoard*s  process,  with  superheated  steam  and  coal-tar  mixed.  4.  According  to 
Baldamus  and  Grune's  plan,  steam  and  a  fluid  hydrocarbon  are  decomposed  simul- 
taneously in  the  same  retort.  5.  Kirkham's  plan  and  that  of  others,  the  impregnation  of 
water-gas  with  fluid  hydrocarbons,  benzol,  photogen,  petroleum,  naphtha,  <ftc.  6.  Long- 
bottom*  s  proposal  to  carburet  air  by  impregnating  it  with  vapours  of  benzol,  or,  according 
to  Wiederholt*s  plan,  with  petroleum  naphtha,  the  benzoline  as  used  in  sponge-lamps. 
whit«'B  Hydrocarbon  White  in  SO  far  modified  Selligue's  plan  in  causing  water-gas  and 
^ocuiu.  steam  to  be  forced  through  a  retort  in  which  cannel  coal,  boghead,  or 

resin  are  submitted  to  distillation.  White's  process,  as  yet  rarely  employed,  came  under 
notice  through  the  researches  which  Dr.  Frankland  instituted  at  Clarke  and  Co.*8  gas- 
works at  Ancoats,  near  Manchester. 

Dr.  Frankland  found  the  gas  made  by  White's  process  to  contain  about  15  per  cent  of 
carbonic  oxide,  no  carbonic  acid,  and  some  45  per  cent  of  hydrogen.  This  increase  of 
hydrogen,  without  an  equivalent  increase  of  carbonic  oxide,  can  oxdy  be  explained  by  the 
action  of  the  steam  upon  the  marsh-gas  evolved  in  the  retort  filled  with  cannel  coal, 
probably  according  to  the  following  formula  : — 

Marsh-gas,  CH4 1      .^1^   ( Carbonic  oxide,  CO. 
Steam,  HaO        [  ^^^  \  Hydrogen,  sH^. 

The  composition  of  the  gas,  made  with  and  without  water-gas,  was  as  follows : — 

Gas  from  Boghead  coal : — 

Without  With 

water-gas.  water-gas. 

Heavy  hydrocarbons      24*50  14*12 

Marsh-gas 58*38  22*25 

Hydrogen 10*54  45*51 

Carbonic  oxide 6*58  Z4'34 

Carbonic  acid —  3*78 

Oxygen  and  nitrogen      —  — 

100*00  tQO*QCl 
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Tlie  adTantages  of  White's  hydrocarbon  process  are  not  only  the  inoreoae  of  hydrogeo 
and  decrease  of  carbonic  oxide  and  marsh-gas  as  met  with  in  ordinary  ooal-ga«,  bat  ar«  to 
be  found  in  the  mechanical  action  of  the  products  of  the  decomposing  steam  by  oarrying 
off  very  rapidly  the  heavy  hydrocarbons  from  the  retort,  so  that  these  are  withdrawn  in 
time  from  the  deoompoRing  influence  of  high  temperature,  tiiereby  lessening  the  forma- 
tion of  tar.  Dr.  Frankland  summarises  the  results  of  this  process  as  follows  : — a.  It  can 
be  employed  without  great  expense  iu  any  gas-work.  5.  The  quantity  of  gas  yielded 
increases  from  46  to  290  per  cent.  c.  The  iUnminating  power  increases  from  24  to  zo6  par 
cent.  d.  Less  tar  is  made,  a  portion  being  converted  into  gas.  e.  The  heat  and  forma- 
tion of  carbonic  acid  accompanying  the  combustion  is  much  less,  as  this  gas  contains 
more  hydrogen  and  less  carbon. 

LepriDM'a  wat«r-oas.  This  IS  Only  a  modification  of  White's  process,  oonsisting  eliiefly 
in  the  use  of  retorts  divided  by  means  of  horizontal  partitions  into  three  rooms  or 
chamle;*8,  in  which  the  two  phases  of  the  process,  viz.,  the  partial  decomposition  of  water 
by  means  of  coke  or  charcoal,  and  the  carburation  of  the  gas  by  means  of  the  Tolatilo 
products  of  the  dry  distillation  of  gas-coals,  are  carried  on  simultaneously.  The  Oaa  wUxU 
Lfprince  is  used  in  the  broad-cloth  factory  of  Simonis  at  Yerviers,  and  at  the  YietUe 
Montague  zinc-works,  both  iu  Belgium,  also  at  Maestricht  and  some  places  near  Loik  Ld^ge. 

iioMd't  Oaa.  In  this  process  tar  is  used  instead  of  charcoal  or  coke  lor  the  purpose  of 
decomposing  the  steam. 

Baidamaa  and  Gnine't  According  to  this  plan  the  decomposition  of  steam  and  of  the  hydro- 
^M-  carbons  is  carried  on  simultaneously  in  the  same  vessel,  so  that  the 

hydrogen  contained  in  the  steam  is  not  evolved  in  free  state,  but  in  combination  with 
carbon  as  a  light-giving  hydrocarbon.  The  gas-making  material,  brown  coal,  peat, 
bituminous  shale,  <&c.,  is  fully  utilised  without  any  by-products,  for  the  tar  is  entirely 
converted  into  gas,  forming  with  the  hydrogen  of  the  water  a  real  hydrocarbon. 

0arbarettc4  Oaa.  The  process  proposed  by  Kirkham  and  several  others  simply  consists  in 
the  impregnation  of  water-gas  with  the  vapours  of  fluid  hydrocarbons,  benzol,  photo- 
gen,  petroleum,  &c.  This  impregnation  may  take  place  at  the  works  where  the  gas  ii 
made,  but  better  where  the  gas  is  consumed,  just  before  issuing  from  the  burners.  Not- 
withstandiug  that  a  great  many  apparatus  have  been  contrived  for  the  purpose  of  oarba- 
retting  water-gas  and  ordinary  coal-gas,  the  process  has  never  answered  yery  well, 
because  it  is  difficult  to  find  suitable  materials  for  carburetting,  and  because  erroneous 
calculations  have  been  made  in  respect  of  the  quantity  of  carburetting  materials  required 
to  render  a  non-luminous  gas  luminous.  If,  for  instance,  benzol  (OsHe)  be  the  hydzo- 
carbon  to  be  used  for  carburetting  purposes, 

1000  cubic  feet  of  gas  require  ^  *   ,°o*  ^1^^  gtmB.  ^  jj^j^^j^ 

I  »  15  »  5094      t,     J 

The  improvement  of  coal-gas  by  impregnating  it  with  the  vapours  of  some  volatile  hydro- 
carbon has  been  frequently  suggested  and  practically  tried  in  England ;  but,  although 
various  apparatus  have  been  contrived  for  this  purpose,  such  apparatus  being  generally 
fixed  to  the  outlet-pipe  of  the  house-meters,  the  results  have  not  been  so  satisfactory  as  to 
lead  to  a  general  introduction  of  these  so-called  carburetters.  Among  other  reasons  why 
these  appliances  have  been  discarded,  is  the  fact  that  the  gas,  especially  in  London,  eon- 
tains  sulphuretted  hydrocarbon  compounds  in  very  small  quantity,  which,  by  becoming 
dissolved  in  the  hydrocarbon  used  for  impregnating  the  gas,  acenmulate  in  the  earbn- 
retter,  and  are,  when  fresh  carburetting  oil  is  added,  carried  on  to  the  burners  and  escape 
partly  in  the  state  of  vapour,  causing  a  very  foul  atmosphere  in  the  rooms  where  the  gas 
18  burnt. 

Air-oas.  Longbottom  suggested  to  free  air  from  carbonic  acid  and  moisture,  and  then 
to  impregnate  it  with  the  vapours  of  very  volatile  fluid-hydrocarbons,  such  as  benzine  and 
benzoline.  Air  can  be  used  as  an  illuminating  gas  in  this  way,  but  it  requires  bumeis 
with  wide  openings  and  a  low  pressure,  because  if  the  current  of  the  gas  be  too  rapid  the 
flame  is  cooled  too  much  and  readily  extinguished.  Apparatus  for  preparing  air-gas  have 
been  devised  and  constructed  by  Marcus,  Mille,  Methei,  and  others.* 

ou-oat,  R«iin-OM.      V.  The  fatty,  or  so-called  fixed  oils,  are  among  the  best  gas-making 

materials,  yielding  a  very  pure  gas  and  of  high  Ulaminating  power.     This  follows 

from  their  composition : — Lefort  found  the  formula  of  rape-seed  oil  to  be  GxoHxsOs ; 

olive  oil  and  poppy-seed  oil,    CisHjaOa;    linseed  oil,  CijHssOs;    hemp-seed  oil, 

CxxHjttOa.    The  fatty  oils  yield  by  dry  distillation  chiefly  elayl-gas  or  a  mixture  of 

*  See  "  Jahresbericht  dei  ohem.TechnoVo^^;*  iS66,p.  701 ;  1868,  pp.  763  and  765. 
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hydrogen  and  marsh-gas  with  tlie  vapours  of  fluid  hydrocarbons,  tlie  illuminating 
power  of  which  is  equal  to  that  of  elayl-gas.  As  oils  yield  further  only  a  small 
quantity  of  carbonic  acid  gas  and  no  sulphuretted  hydrogen,  oil-gas  does  not  require 
any  purifying,  and  hence  the  apparatus  may  be  very  simple  ;  while,  owing  to  the  high 
illuminating  power,  smaller  gas-holders,  smaller  pipes,  and  burners  of  different  con-> 
struction  are  required.  But  notwithstanding  all  these  advantages,  oil-gas  is  a  thing 
of  the  past.  The  Binnenhof,  at  the  Hague,  with  some  of  the  adjacent  public  build- 
ings, was  lighted  with  oil- gas  until  within  some  ten  or  twelve  years,  when  the 
apparatus  requiring  renewal  was  removed,  and  coal-gas,  as  in  the  other  parts  of  the 
town,  substituted.  The  sp.  gr.  of  oil-gas  amounts  on  an  average  to  076  and  090, 
but  may  be  as  high  as  11.  Half  a  kilo,  of  oil  yields  22  to  26  cubic  feet  of  gas,  equal 
to  90  to  96  per  cent. 

om  from  suint.  By  this  ws  Understand  a  gas  prepared  from  the  fatty  materials 
present  in  the  soap-suds  used  in  washing  raw  wool  and  spun-yams.  The  water 
containing  the  suint  and  soap-suds  is  run  into  cisterns  and  is  tliere  mixed  with  milk 
of  lime  and  left  to  stand  for  twelve  hours.  A  thin  precipitate  is  formed,  wliich,  after 
the  supernatant  clear  water  has  been  run  off,  is  put  upon  coarse  canvas  for  the 
purpose  of  draining  off  any  impurities,  sand,  hair,  Ac,  while  the  mass  which  runs 
through  the  filter  is  put  into  a  tank,  in  which  it  forms  after  six  to  eight  days  a  pasty 
mass,  which  having  been  dug  oiit  and  moulded  into  bricks,  is  dried  in  open  air. 
At  Rheims  the  first  wash- water  of  the  wool  is  used  for  making  both  gas  and  potash, 
because  the  water  contains  no  soap  and  only  suintate  of  potash  (see  p.  132). 
Havrez,  at  Verviers,  has  recently  proposed  to  employ  suint,  which,  by-the-bye,  is 
very  rich  in  nitrogen,  for  the  purpose  of  making  ferrocyanide  of  potassium. 

The  dried  brick-sliaped  lumps  are  submitted  to  distillation,  yielding  a  gas  which 
does  not  require  purification,  and  which  possesses  an  illuminating  power  tliree  times 
that  of  good  coal-gas.  The  wash- water  of  a  wool  spinning-mill  with  20,000  spindles 
yields  daily,  when  treated  as  described,  about  500  kilos,  of  dried  suinter,  as  the  sub- 
stance is  technically  termed,  i  kilo,  of  this  substance  yields  210  litres  of  gas. 
Annually  about  150,000  kilos,  of  suinter  are  obtained,  and  this  quantity  will  yield 
31,500,000  litres  =1,112,485  cubic  feet  of  gas.  Every  burner  consuming  35  litres 
of  gas  per  hour,  and  taking  the  time  of  burning  at  1200  hours,  the  quantity  of  gas 
will  suffice  for  750  burners,  and  as  a  spinning-mill  of  20,000  spindles  only  requires 
500  burners,  there  is  an  excess  of  gas  supply  available  for  250  other  burners,  or  the^ 
owner  may  dispose  of  5000  kilos,  of  suinter,  which  is  valued  at  Augsburg  at  about 
3s.  per  50  kilos.,  and  at  about  4s.  at  Mulhouse. 

Om  from  p«troi«iim      VI.  The  so-callcd  posidouian  schist  of  the  lias  formation,  met 

Oa  or  oil  from  '^ 

sitaminoiu  Bhaiet.  with  near  Reutlingen,  in  Wiirtemberg,  yields  by  dry  distillation 
about  3  per  cent  of  tar,  which  on  being  submitted  to  distillation,  yields  an  oil 
which  cannot  be  burned  in  lamps  owing  to  its  containing  sulphur ;  but  the  oil  is  an 
excellent  material  for  gas  manufacture.  According  to  Haas,  i  cwt.  (50  kilos.)  of  the 
oil,  valued  at  i6s.,  yields  1300  English  cubic  feet  of  gas,  so  that  1000  cubic  feet 
inclusive  of  fuel  (^  klafter  of  wood ;  the  klafter  is  a  cubic  measure  by  which  wood 
is  sold,  and  is  =  108  cubic  feet)  and  labour  cost  i6s.,  a  low  price  considering  the  high 
illuminating  power  of  the  gas.  The  gas,  according  to  W.  Reissig*s  researches  (1862) 
was  found  to  consist  of: — 
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Hcav}'  hydrorarlKinfl       25*30 

Mfirsh-jsfns •••     •• 64*80 

Carbonic  nxide •     ...  6*65 

Hy(lro<;en 3*05 

Carbonic  acid    • 0*20 

Oxygen  and  nitrogen       traces 

lOO'OO 

According  to  experiments  made  at  Stattgart,  the  illuminating  power  of  this  gM  ifl 
2*5  to  3*5  times  that  of  coal-gns. 

petxv'ieum-oiu.  In  America  and  on  the  Continent  of  Europe  petroleum  is  now  used 
for  the  purpose  of  gas-making,  being  eitlier  convei-ted  into  gas  or  used  to  csrbanite 
water-gas. 

According  to  tlie  method  of  Thompson  and  Hind  (1862)  the  petroleum  is  converted 

into  gas  by  causing  it  to  pass  through  a  red-hot  retort,  which,  in  order  to  increase 

the  contact  surface,  is  filled  witli  lumps  of  iire-briok  or  is  fitted  with  a  series  of  traj- 

like  iron  plates,  and  the  gas  so  obtained  mixed  yri\l\  that  made  by  passing  steam  over 

red-hot  charcoal.    The  cnvXe  gaseous  mixture  is  washed  by  causing  it  to  bnbble 

through  hydrochloric  acid  and  then  through  a  series  of  purifying  apparatus,  so  that 

the  gas  collected  in  the  gas-holder  is  devoid  of  smell.    The  arrangement  of  the 

retort  used  in  tliis  process  is  the  following :— The  retort  is  placed  horizontally;  to  the 

lid  is  fitted  a  hollow  cylinder  which  is  filled  witli  coke  or  charcoal.     In  the  spfce 

between  this  cylinder  and  the  sides  of  the  retort  is  placed  a  serpentine  iron  plate. 

Through  the  lid  of  the  retort  two  tubes  are  carried ;  one  of  these,  communicating 

with  tlie  serpentine  iron  plute,  is  destined  for  the  introduction  of  the  jietrolenm  oil, 

while  the  other  is  used  for  passing  in  the  steam,  and  communicates  with  the  cylinder 

filled  witli  coke  or  charcoal.    At  tlie  other  end  of  tlie  retort  a  tube  is  fitted  for 

carrying  the  gas  to  the  purifier.     When  the  petroleum  is  converted  into  gas  without 

water-gas,  i  cwt.  of  PennBylvnninn  oil  yields  1590  cubic  feet  of  gas,  which,  when 

purified,  consists.  ac<^ording  to  Bollev,  of: — 

*  I.  n. 

Heavy  hydrocarbons       31*6  33*4 

Light  hydrocarbons        457  40*0 

Hydrogen , 327  26*0 

1000  1000 

H.  Hirzell  proi^nres  gas  from  the  residues  of  the  refining  of  petroleum,  which  are 
less  volatile,  as  well  as  from  petroleum  itself.  Hirzel's  apparatus,  already  largely 
used  in  Germany,  Austria,  Uussia,  and  elsewhere,  is  especially  adapted  for  the 
purpose  of  making  gas  for  railway-stations,  barracks,  factories,  hotels,  and  isolated 
country  seats ;  its  mode  of  action  will  be  readily  understood  witli  the  aid  of  Fig.  300. 
n  is  a  wrought-iron  vessel  containing  petroleum  or  the  residues  of  the  refining. 
Tliis  vessel  is  fitted  with  a  suction-  and  force-pump,  e,  the  piston  of  which  can  be 
filled  with  petroleum  by  winding  up  the  clockwork  witli  which  it  is  connected.  As 
soon  as  the  retort  is  red-hot,  weights  are  put  on  the  piston,  after  which  the  pendulum 
of  the  clockwork  is  set  in  motion  and  the  rope  unreeled,  allowing  the  piston  to  sink 
slowly  into  the  pump-body,  thus  forcing  the  petroleum  through  t  uniformly  into  the 
r^rt  A.     Tlie  petroleum  is  converted  into  gas,  and  this  is  carried  tlirough  the  tvbe  d 
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inb)  the  receiver,  B,  ftnd  thence 
tliroughthecondenser.c,  whichia 
Tilleil  with  pieces  of  brick,  into 
n  gns-hotder.  In  b  the  pipe  dipa 
nnder  the  anrfoce  of  the  petro 
leiim,  BO  tliat  a  hjdranbc  valve 
is  provided,  preventing  the  gas 
from  returniiig  to  the  retort  In 
order  to  keep  this  column  of 
petroleum  at  the  same  height 
there  is  fitted  to  «  the  U  shaped 
tube  c,  by  means  of  which  any 
superflnona  oil  entering  e  is  mn 
off  into  a  pail.  The  tnba  b 
fitted  to  the  gas-tnbe  d  is  by 
means  of  a  pipe,  connected  with 
a  wat«r- pressure  gauge,  by  the 
aid  of  which  the  pressure  in  the 
retort  during  the  operation  can 
be  ascertained ;  this  pressure 
amounts  usually  to  8  to  i2  centims. 
of  water.  The  lid,  e,  of  the  con- 
denser, c,  is  kept  gas-tight  by  the 
rim  dipping  in  wnter  poured  into 
an  annular  apace.  The  working 
of  this  apparatus  is  very  simple. 
The  clock-motion  is  maintained 
for  an  hour,  snd  in  that  time 
about  3oa  cubic  feet  of  gaa  are 
made.  If  by  any  chance  the 
tubes  are  choked,  the  manometer 
will  indicate  the  accident.  YThen 
in  regular  use  the  apparatus 
should  be  cleaned  once  in  five  or 
ax  weeks,  and  after  every  twelve 
distillations  the  retort  should  be 
opened  and  the  cmst  of  coke 
picked  off  with  a  sharp  iroD  bar. 
Fetroleum-g8B  is  the  best  that 
can  be  made,  and  it  has  the  ad- 
vantage that  even  nnder  strong 
pressure  and  intense  cold  it  does 
not  deposit  t&ny  matter,  nor 
does  it  lose  any  of  its  illutni- 
nating  power.  It  is  absolutely  free 
from  ammoniacal  and  sulphur 
compounds  and  from  carbooio 
acid.    The  sp.  gr.  of  petroleum- 
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gas  is  0*69,  and  it  consists  chiefly  of  acetylen  (CaHa).  It  is  burnt  from  bornen 
which  consume  per  hour  onl}'  one-quarter  of  a  cubic  foot  to  a  maximnin  of  2  cabifi 
feet.  200  cubic  feet  of  this  gas  are  equivalent  to  1000  cubic  feet  of  coal-gas.  At  the 
suggestion  of  L.  Ramdohr  (1866),  the  sodium  carbolate  (creosote  soda),  which  is 
obtained  in  large  quantities  in  the  paraffin  and  mineral-oil  works,  is  used  forgai- 
making  under  the  name  of  creosote-gas. 

BMin-oaa.  VII.  Whcu  the  substance  known  as  Venice  turpentine,  a  mixture  of  oil 
of  turpentine  and  resinous  matter,  is  submitted  to  distillation  with  watar,  there 
remains  colophonium,  or  commonly  resin,  which  essentially  consists  of  sylvio  sod 
pinic  acids,  these  being  isomeric  and  corresponding  to  the  formula  CsoHjqOs- 
Before  the  late  American  war  colophonium  was  imported  in  very  large  quantity  into 
Europe,  and  was  used  in  England  as  well  as  on  the  Continent  for  the  purpose  of  gu 
manufacture. 

When  decomposed  imder  the  influence  of  heat  colophonium  yields  an  oily  fluid, 
so-called  resin  oil,  which,  when  submitted  to  red-heat,  is  converted  into  gas.     This 
oil  is  very  complex,  and  contains  bodies  which  are  volatilised  below  red-heat,  an 
inconvenience  in  gas-making,  because  these  compounds  as  soon  as  formed  become 
volatilised  instead  of  being  converted  into  gas.    Consequently  it  is  necessary  to  pass 
the  first  products  of  the  decomposition  through  several  retorts  in  order  to  oonveii 
them  completely  into  gas,  tliereby  complicating  the  apparatus  and  increasing  the  cost 
of  fuel.    Another  difficulty  in  the  making  of  resin-gas  is  occasioned  by  the  fact  that 
colophonium  is  a  solid  substance  which,  in  order  to  be  fitted  for  gas-making,  so  as  to 
supply  the  retorts  uniformly  and  constantly,  has  to  be  first  liquefied.     This  has  been 
in  some  instances  effected  by  dissolving  the  resin  either  in  oil  of  turpentine  or  in 
resin  oil,  while  in  other  instances  the  resin  has  been  first  molten,  and  then  caused  to 
flow  into  the  retorts  filled  witli  coke  or  lumps  of  fire-brick  to  increase  the  surfiuse. 
The  hot  gas  from  the  retorts  is  washed  with  cold  water  in  order  to  free  the  gas  from 
any  adliering  resin  oil.    It  is  next  purified  from  the  carbonic  acid  it  contains  (on  an 
average  about  8  per  cent)  by  passing  it  through  a  solution  of  caustic  soda.     100  lbs. 
of  resin  yield  about  1300  English  cubic  feet  of  gas,  a  quantity  which  is  greatly 
increased  when  the  White-Frankland    hydrocarbon    process  is  employed.     This 
process,  however,  is  obsolete  in  consequence  of  tlie  very  fluctuating  supply  of  resin 
since  the  last  American  war  and  the  greatly  increased  price  of  that  article. 

The  lime-liglit,  Tes8i6  du  Motay's  oxyhydrogcn  light,  the  magnesium  light,  and  the 
electric  light  have  to  be  considered  as  appendices  to  the  illuminating  and  artifietil 
light  producing  materials. 

LiBM-Light.  When  a  mixture  of  two  volumes  of  hydrogen  and  one  volume  of  oxygen 
is  ignited,  each  gas  being  supplied  from  a  separate  gas-holder,  we  obtain  what  is 
known  as  the  oxy hydrogen  blowpipe,  the  heat  evolved  being  sufficient  to  fuse 
platinum.  The  flame  of  this  mixture  is  not  luminous,  but  if  it  is  made  to  impinge 
against  a  piece  of  quick-lime,  the  latter  being  rendered  inter  ssly  white-hot,  emits  a 
light  of  very  great  intensity.  For  tlie  general  purposes  oi  artificial  illumination  the 
lime-light  is  not  suitable,  arising  partly  from  the  high  price  of  oxygen;  but  for 
scientific  purposes  and  for  signals,  the  lime-light,  also  known  as  the  Drummond-,  or 
sideral-light,  is  very  manageable.  According  to  the  **  Journal  of  Gas  Lighting** 
(1869)  the  authorities  of  the  British  War  Department  have  arranged  to  use  the  lime- 
light in  military  barracks  and  cavalry  stables,  having  instituted  a  series  of 
expenmeiitB  in  the  yard  of  the  Q^ueeti'^BatTCkx^VA.    HlVv^  \ll\iminating  apparatus  and 
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reflecting' mirror  were  placed  on  a  temporarily-erected  wooden  frame-work,  18  feet 
high,  and  when  the  lime  was  ignited  the  yard  was  lighted  up  so  strongly,  that  at 
100  yards  distance  from  the  light  the  smallest  type  could  be  read.  A  smaller  light 
surrounded  by  a  glass  globe  was  tried,  and  found  to  be  so  efficient,  that  at  30  yards 
distance  from  the  light  a  pin  could  be  distinguished  lying  on  the  pavement.  The 
light-apparatus  tried  in  one  of  the  barrack -rooms  was  still  smaller,  but  lighted  the 
room  very  brilliantly. 

^•"of  mSSiiKio'i*'^***  ^^^  ^^^  ye*"  Tessi6  du  Motay's  method  of  illumination  has 
been  often  before  the  public.  During  the  latter  part  of  187 1  and  the  earlier  months 
of  this  year,  this  method  has  made  considerable  progress  in  improvement,  and  is 
used  in  some  parts  of  Paris  and  Vienna,  and  has  been  tried  at  the  Crystal  Palace. 
The  gas-mixture  used  is  either  water-gas — a  mixture  of  hydrogen  and  carbonic 
oxide — or  hydrogen  only,  or  also  coal-gas,  burnt  with  a  regulated  supply  of  oxygen 
instead  of  air.  The  oxygen  is  obtained  by  the  decomposition  of  the  vapours  of 
sulphuric  acid  or  from  manganate  of  sodium,  or  by  the  decomposition  of  oxychloride 
of  copper.  The  flame  of  the  oxyhydrogen  gas  is  made  to  play  against  a  small 
cylindrical  piece  of  magnesia  or  zirconia ;  but  more  recently  (1869)  Tessi6  du  Motay 
has  somewhat  altered  his  method,  by  causing  the  oxygen  to  become  saturated  with 
a  solution  of  naphthaline  in  petroleum.  It  appears  that  the  latest  and  most  practi- 
cally available  method  is  the  feeding  of  good  coal-gas  with  oxygen,  a  very  excellent 
light  being  produced. 

Mr.  Crookes  has  found  a  supply  of  good  coal-gas  best  adapted  to  the  oxy-hydrogen 
flame,  the  oxygen  being  supplied  from  a  burner  quite  separate  from  the  hydrogen  burner, 
and  having  a  broad  slit  from  which  the  gas  issues.  The  oxygen  should  be  supplied  at  a 
steady  but  full  pressure.  The  material  upon  which  the  flame  impinges  may,  with  advan- 
tage, be  of  dolomite.  Under  these  conditions,  Mr.  Crookes  has  always  found  the  lime- 
light to  work  satisfactorily.  The  dolomite  does  not  crack  nor  splinter,  as  is  the  case  with 
quick -lime  or  magnesia.  There  are  also  the  advantages  in  employing  separate  burners,  of 
decreased  expense  of  apparatus,  and  of  perfect  safety. 

MM.  Deville  and  Gemez  proposed  some  time  since  to  make  a  series  of  experiments  to 
ascertain,  in  a  chamber  containing  compressed  air,  whether  the  tension  of  steam  (which  is 
said  to  be  complementary  to  the  tension  of  dissociation)  in  the  flame  of  the  oxyhydrogen 
blowpipe  is  augmented  by  exterior  pressure,  and  if  the  augmentation  extends  to  ihe  tem- 
perature of  the  flame.    In  a  cylindrical  chamber  of  forty  metres  contents,  and  the  sides 
of  which  have  been  proved  to  eleven  atmospheres,  iu  arranged  the  necessary  apparatus. 
The  operators  enter  the  cylinder,  and  the  air  is  compressed  by  means  of  a  steam-pump, 
when  the  experiments  are  proceeded  with  as  iu  the  open  air.     The  endeavour  has  at  pre- 
sent been  confined  to  ascertaining  the  condition  of  various  substances  at  the  moment  they 
combine  in  homogeneous  flames,  and  the  resulting  temperatures.     The  homogeneous 
flame  employed  is  that  of  carbonic  oxide  and  oxygen.     With  this  flame  and  a  pressure  of 
1*7  atmospheres  platinum  melts,  flying  off  in  sparks  with  a  facility  it  never  exhibits 
in  air ;  it  melts  in  those  portions  of  the  flame  which  in  the  air  would  only  heat  it  to  red- 
ness.    We  must  then  deduce  that  the  temperature  of  these  flames  augments  with 
the  pressure  they  support,  and,  consequently,  the  quantities  of  matter  which  combine 
are  greater,   and  the  dissociation    diminished.      Dr.   Frankland  has  shown  that  the 
brilliancy  of  the  flame  of  hydrogen  gas  increases  considerably  with  the  pressure,  so  that 
with  a  pressure  of  twenty  atmospheres  it  surpasses  that  of  a  normal  candle.    Similarly 
when  a  mixture  of  oxygen  and  hydrogen  is  ignited  in  an  eudiometer  the  flame  is  intense, 
while  in  open  air  it  is  scarcely  visible.    M.  Deville  thinks  that  if  the  quantity  of  heat 
disengaged  by  a  substance  burning  with  brilliancy  be  measured,  the  result  would  not  be 
the  same  in  operating  with  an  op&qne  calorimeter  as  with  one  which  transmits  the  light 
and  chemical  rays.    This  remark  when  worked  out  will  probably  produce  results  of  tech- 
nical interest. 

Maffnedam  Light.  The  very  iutcnse  light  which  is  produced  by  the  burning  of  magne- 
sium (see  p.  1 14)  has  been  of  late  frequently  employed  for  photographing  purposes. 
Magnesium  lamps — as  exhibited  in  1867  at  the  International  ExhibitLon^  al 
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are  arranged  for  the  use  of  magnesiom  wire  or  magnesium  dust,  while  in  dach 
instance  a  spirit-flame  is  employed  to  ensure  tlie  continuity  of  combustion.  In  the 
lamps  with  wire,  this  is  pulled  forward  by  the  aid  of  clockwork ;  while  in  the  lamps 
burning  the  dust,  this,  mixed  with  very  dry  and  fine  sand  (one-third  magnesinm  and 
two-thirds  sand),  in  order  to  ensure  to  the  magnesium  particles  a  sufficient  access  of 
air,  is,  on  opening  a  stop-cock,  supplied  from  a  reservoir.  The  magnesium  light  was 
used  on  a  large  scale  in  the  Abyssinian  war,  several  cwts.  of  magnesium  having 
been  supplied  by  Mr.  Mellor,  the  director  of  the  Magnesium  Metal  Company,  at 
Manchester. 

chAthain  Light.  Under  this  name  is  known  in  England  a  kind  of  flash-light,  obtained 
by  blowing  a  mixture  of  pulverised  resin  and  magnesium  dust  through  the  flame  of 
a  spirit-lamp.    Tliis  flash-light  is  used  for  military  signals. 

Btoetiie  Light.  Although  the  electric  light  has  not  been  generally  employed  it 
deserves  a  lengthy  notice.  As  is  well  known,  tlie  discharge  of  an  electric  spark,  or 
a  continuous  voltaic  or  magneto-electric  current,  is  capable  of  producing  in  pieces  of 
graphite  an  intense  light ;  and  when  this  is  obtained  by  suitably  constructed  apparatos, 
it  may  be  rendered  available  for  practical  purposes.  More  recently  Professor 
Jacobi  has,  with  the  assistance  of  M.  Argeraud,  of  Paris,  madd  a  series  of  experi- 
ments on  street  lighting  with  the  electric  light.  Upon  the  tower  of  the  Admiraltj 
buildings  at  St.  Petersburg,  an  electric  light  apparatus  was  placed,  and  with  it  three 
of  the  largest  streets  of  the  city,  viz.  Newsky  Prospect,  Erbsen  Strasse,  and  Wos- 
nesensky  Prospect,  were  illuminated  at  night  from  seven  until  ten  o'clock.  The 
light  was  intense,  and  the  very  clear  sky  appeared  as  by  sunlight,  while  the  gaslights 
became  lurid.  The  battery  employed  was  a  carbon  battery  of  185  cells.  In  1854, 
the  works  for  the  construction  of  the  Napoleon  docks,  at  Houen,  were  for  several 
nights  illuminated  with  the  electric  light  for  three  to  four  hours  consecutively; 
800  men  were  at  work,  and  could  continue  their  labour  at  a  distance  of  xoo  metres 
from  the  source  of  light.  A  Bnnsen  battery  of  large  size  with  100  cells  was 
used.  This  light  was  very  cheap,  the  cost  per  man  being  about  three  farthings; 
while  the  labour  could  proceed  as  in  daylight.  Several  lighthouses,  among  them  the 
North  Foreland  on  the  Kentish  coast,  and  also  tliat  of  Cape  la  Hive  near  Havre, 
]iave  been  fitted  with  apparatus  for  the  electric  light.  This  light  is  also  used  in 
many  cases  in  dissolving  views,  and  for  the  illumination  of  pleasure  gardens  at 
London,  Paris,  Berlin ;  and  permanently  for  lighting  the  slate  quarries  situated  near 
Angers,  France.  The  electric  light  has  been  tried  for  submarine  illumination  with 
success,  and  also  for  photographing  purposes.  Colonel  von  Weyde  invented  a 
submarine  electric  illuminating  apparatus,  used  by  the  French  men-of-war  in  the 
late  conflict  between  France  and  Germany.  In  Spain,  in  1862  and  1863,  the  eleetrio 
light  was  frequently  employed  during  tlie  night  in  tlie  construction  of  railways.  The 
magneto-electric  apparatus  invented  by  Dr.  Siemens  (1867)  is  of  great  importance, 
as  proved  by  the  experiments  made  at  Burlington  House.  By  means  of  this  machine 
it  becomes  possible  to  obtain  electric  currents  at  a  cheap  rate,  of  enormous  power, 
and  especially  adapted  for  lighthouses. 

By  the  exercise  of  great  ingenuity,  the  difficulties  attending  the  maintenance  of  the 
carbon  points  at  an  equal  distance  have  been  overcome.  The  lamps  in  which  this  result 
is  effected  are,  however,  more  or  less  complicated,  expensive,  and  liable  to  get  out  of 
)rder.  The  electric  lamps  of  Foucault,  Serrin,  and  Dubosoq,  described  admirably  in 
>.  Schellen*8  **  Speotrmn  Analysis,**  and  engravings  of  which  are  to  be  met  with  in  most 
^■reatiaeB  on  physics,  are  delioate  pieces  of  mechanism  peculiarly  unsuited  to  the  lou^ 
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handling  to  which  apparatus  in  nse  for  teohnioal  or  signalling  pnrpoBes  mast  he  snb- 
mitted.  The  electric  lamp  devised  by  Mr.  Browning  is  simple  in  construction,  hut  even 
this  requires  more  attention  than  could  be  bestowed  upon  the  source  of  light  for  general 
purposes. 

The  purity  of  the  carbon  points  has  much  to  do  with  the  intensity  of  the  Ught 
emitted  by  batteries  of  the  same  strength ;  while  their  distance  from  each  other  is  also  of 
consequence.     50  or  60  Bunsen's  elements  will  yield  a  light  equal  to  that  of  400  to  1000 
stearine  candles,  according  to  the  purity  of  the  carbon  points.     Taking  the  sunlight  at 
noon  on  an  August  day  to  be  represented  by  1000,  Foucault  and  Fizeau  have  found  the 
chemical  power  of  the  light  obtained,  under  the  best  conditions,  from  46  Bunsen's 
cells,  expressed  by  the  number  235.    Despretz  states  that  the  light  from  100  Bunsen 
elements  produces  much  discomfort  to  the  eyes,  while  that  from  600  elements,  even  at  a 
glance,  is   sufficiently  intense  to  cause  considerable  injury.    But  the  duration  of  the 
electric  light  as  obtained  from  battery  power  is  not  continuous.    Whether  from  polejrisa* 
tions  in  the  battery  or  from  many  other  causes,  the  light  sometimes  fails  for  several  con- 
secutive minutes.    It  becomes  then  necessary  to  have  recourse  to  some  source  of  eleo- 
tricity  in  which  these  objections  are  eliminated.     To  a  great  extent  this  is  the  case 
with  magneto-electricity.     The  light  from  Messrs.  Wilde's  large  machine  is  the  most 
powerful  artificial  light  which  has  ever  been  produced,  giving  about  eight  times  the  light 
of  former  magneto-electric  machines.    Like  most  practical  applications  of  science,  the 
important  results  which  Mr.  Wilde  has  obtained  depend  more  upon  an  ingenious  combi- 
nation of  several  known  facts,  united  with  considerable  engineering  skill,  than  upon  any 
really  new  and  striking  discovery.     The  principle  of  the  machine  can  be  expressed  in  a 
few  words.    It  consists  in  the  application  of  a  current  from  an  electro-magnetic  machine, 
armed  with  permanent  magnets,  for  the  purpose  of  exciting  a  powerful  electro-magnet; 
this  electro- magnet  being  now  used  as  the  basis  of  a  still  larger  electro-magnetic  machine, 
for  the  purpose  of  having  induction  currents  generated  by  its  agency.    In  other  words,  by 
well-known  means,  an  electric  current  can  be  obtained  by  the  rotation  of  an  armature 
close  to  the  poles  of  a  magnet.     If  this  electric  current  be  passed  round  an  electro- 
magnet, it  may  be  made   to  produce  a  far  greater  amount  of  magnetism  than  was 
possessed  by  the  first  magnet.     There  is  no  difficulty,  therefore,  in  comprehending  how, 
by  the  mere  interposition  of  a  rotating  armature,  and  the  expenditure  of  force,  a  small 
and  weak  magnet  may  be  made  to  actuate  a  very  powerful  magnet.    But  as  the  power  of 
the  magnet  increases,  so  does  the  power  increase  of  the  electric  current  which  may 
be  generated  by  induction  in  an  armature  rotating  between  its  poles.     We  have,  therefore, 
only  to  pass  this  No.  2  induced  current  from  No.  2  magnet  round  a  stiU  larger  magnet. 
No.  3  ;  and  by  rotating  an  armature  between  its  poles,  we  can  get  a  still  more  energetio 
current,  No.  3.     Theoretically  there  is  no  limit  to  this  plan — it  is  a  species  of  involution ; 
and  when  it  is  considered  that  each  conversion  from  magnet  No.  x  to  magnet  No.  2,  (fcc,  or 
from  induced  current  No.  i  to  induced  current  No.  2,  (&c.,  multiplies  the  power  very  many 
times,  it  will  not  be  surprising  that  after  three  involutions  the  induced  current  possesses 
such  magnificent  powers.* 

Some  erroneous  opinions  are  pretty  generally  entertained  as  to  the  actual  discovery 
claimed  by  Mr.  Wilde,  and  the  splendour  of  the  result,  for  achieving  which  he  deserves 
the  very  highest  credit,  is  liable  to  cause  earlier  investigators  in  the  field  to  be  overlooked; 
this  would  be  most  unfair,  for  it  is  through  their  instrumentality  that  the  way  has 
been  paved  for  the  success  now  achieved.  In  1838,  Abb^s  Moigno  and  Baillard  proved 
that  by  taking  an  electro-magnetic  machine,  the  original  magnet  of  which  would  sup- 
port only  a  few  grammes,  and  passing  the  electric  current  generated  by  it  round  a 
large  electro-magnet,  the  latter  could  be  made  to  support  a  weight  of  600  kilogrms.  The 
Abb^s  carried  the  multiplication  of  power  only  so  far  as  to  obtain  the  more  powerful 
magnet,  No.  2,  from  the  weak  magnet.  No.  i. 

With  the  throe  armatures  of  Mr.  Wilde's  machine  driven  at  a  uniform  velocity  of  1500 
revolutions  per  minute,  an  amount  of  magnetic  force  is  developed  in  the  largo  electro- 
magnet far  exceeding  anything  which  has  hitherto  been  produced,  accompanied  by  the 
evolution  of  an  amount  of  dynamic  electricity  from  the  quantity  armature  so  enormous 
as  to  melt  pieces  of  cylindrical  iron  rod  fifteen  inches  in  length  and  fully  one  quarter  of 
an  inch  in  diameter.  With  this  armature  in,  the  physiological  effects  of  the  current  can 
be  borne  without  inconvenience.  When  the  intensity  armature  was  placed  in  the  7 -inch 
magnet  cylinder,  the  electricity  melted  7  feet  of  No.  16  iron  wire,  and  made  a  length  of 
21  feet  of  the  same  wire  rod-hot.  The  illuminating  power  of  the  current  from  this  arma- 
ture was  of  the  most  splendid  description.    When  an  electric  lamp,  furnished  with  rods 

*  See  **  A  New  Era  in  Illumination,"  by  W.  Crookes,  F.B.S. ;  "  Quarterly  Journal  of 
Science,"  October,  1866. 
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of  gA8  carbon  half  an  inch  sqaare,  was  placed  on  the  top  of  a  lofiy  bnfldiog,  tlM 
light  evolTed  from  it  was  snflleieut  to  oast  the  shadows  of  the  flames  of  the  street  Ismpi 
a  quarter  of  a  milo  dlHtiiut  upon  the  neighbouring  walls.  When  tiewed  from  thit 
dintanco,  the  rays  proceeding  from  the  reflector  ha^e  all  the  rieh  effnlgenoe  of  stmsfaiiie. 
With  the  reflector  removed  from  the  lamp,  the  bare  light  is  estimated  to  hmrwe  an  intensitj 
equal  to  4000  wax  candles.  A  piece  of  ordinary  sensitised  paper,  anoh  am  is  used  for 
photographic  printing,  when  exposed  to  the  aotion  of  the  light  for  twen^  aeoonds,  st  s 
distance  of  2  feet  from  the  reflector,  was  darkened  to  the  same  degree  aa  a  piece  ol  tht 
same  sheet  of  paper  was  when  exposed  for  a  period  of  one  minute  to  the  direet  rays  of 
the  sun  at  noon  on  a  very  clear  day  in  the  month  of  March.  Paper  eonld  be  easily  Mt  on 
flre  with  a  buruing-glasH  introduced  in  the  path  of  the  rays  from  the  refleetor. 

It  will  be  of  interest,  apart  from  all  questions  as  to  economical  production,  to  ascertain 
what  is  the  theoretical  quantity  of  coal  required  to  be  consumed  in   the  piodnetioB 
of  this  amount  of  electric  force.    Mr.  Wilde  says  that  a  7-horse  engine  ia  required  to 
drive  the  machine.    One  horse-power  is  equal  to  1,980,000  foot-pounds  per  hour;  thst 
multiplied  by  seven  is   13,860,000  foot-pounds  per  hour,  which  therefore  xepresents 
the  actual  power  required   to  drive  the  machine.      Now,  by  multiplying  the  Britiidi 
Fahrenheit  units  of  heat  produced  by  the  combustion  of  one  pound  of  eoal  by  Joule'i 
equivalent,  772  foot-pounds,  the  result  will  be  the  total  heat  of  combustion  expressed  in 
foot-pounds.    In  the  best  coal  this  is  as  high  as  12,000,000  fooi-pounda.    We  arrive^ 
therefore,  at  the  conclusion  that,  to  overcome  the  friction  of  the  different  parte  of  the 
machine;   to  whirl  a   mass  of  metal,   weighing  several  hundredweights,   round  with 
a  velocity  of  1500  revolutions  per  minute  ;  to  generate  a  current  of  electric  force  far  sur- 
passing anything  before  produced ;  and,  after  allowing  for  the  waste  inherent  in  its  pas- 
sage through  the  conducting  wires  and  electric  lamp,  to  cause  it  to  blaze  forth  with  an  inten- 
sity of  light  paling  the  rays  of  the  sun ;  to  keep  up  this  int«Qse  derelopniettt  of  energy 
for  one  hour — ^requires  an  expenditure  of  force  represented  by  the  combustion  of  less  than 
i8|  ozs.  of  coal.    This  is  the  theoretical  calculation;  but  if  reduced  to  actual  practice, the 
results  are  scarcely  less  astonishing.    The  efficitncu  of  an  engine,  i,€.  the  ratio  of  the 
work  actually  performed  to  the  mechanical  equivalent  of  the  heat  expended,  varies  in 
extreme  cases  between  the  limits  0*02  and  o'2.    Taking  an  average  efEloienej  as  o'l,  or  one- 
tenth,  we  find  that  the  ordinary  consumption  of  coal  required  to  work  a  j  horse-power 
engine,  midway  between  excessive  wastefulness  on  the  one  hand,  and  ngid  economy 
on  the  other,  is  10  x  i8i  ounces,  or  ii|  lbs.  of  coal  per  hour,  worth  about  one  halfpanny- 
This  is,  of  course,  only  one  item  in  the  cost — to  it  must  be  added  the  expense  of  carbon 
rods  for  the  lamp,  which  will  be  about  ten  inches  per  hour,  worth  perhaps  a  penny ; 
there  must  also  be  added  interest  of  the  cost  of  purchase  of  machines,  expense  of  main- 
tenance  and  repairs,  which  will  perhaps  bring   up   the  total  expense    per  hour  to 
sixpence  or  eightpence.    Comparing  this  with  the  hourly  expense  of  the  electric  lights 
already  in  existence,  we  find,  according  to  the  Abbe  Moigno,  that  the  French  machine 
costs  altogether  sixpence  per  hour  for  a  light  equal  to  900  wax  candles ;  whilst  the  actual 
working  expenses  of  maintaining  the  electric  light  at  Cape  La  Heve,  during  a  period  of 
twenty-seven  months  have  been,  exclusive  of  salaries,  about  one  shilling  per  hoar, 
or  inclusive  of  salaries,  two  shillings.    According  to  a  calculation  made  by  the  Abb£ 
Moigno  respecting  the  economy  of  the  light  evolved  by  the  French  machines,  it  appesis 
that  to  maintain  a  light  equal  to  4000  wax  candles  for  one  hour  would  cost— with  gas, 
£1  2S.  6d. ;  with  colza  oil,  £1  7s. ;  and  with  the  electricity  produced  by  a  Bunsen's  pile, 
£1  15s.  6d.    The  annual  expeniiitnre  at  a  first-class  lighthouse  on  the  old  system  is,  on  sa 
average,  £400  per  annum ;  and  on  the  assumption  that  the  light  bums  for  4000  hours  per 
annum,  that  would  come  to  two  shillings  per  hour.    The  expenses  of  the  old  and 
the  electric  system  are  therefore  not  very  dissimilar ;  and  the  problem  of  the  adoption 
of  electricity  to  supersede  oil  must  be  decided  on  grounds  of  convenience  and  effioeney 
alone. 

One  cause  of  inconstancy  in  the  electric  lamp  which  hinders  the  adaptation  to  the  pur- 
poses of  lighthouse  illumination  is  the  unequal  consumption  of  the  carbon  points.  From 
experiments  recently  conducted  for  the  Trinity  House,  Mr.  Stevenson  Ibids  that  the 
employment  of  a  modified  form  of  vacuum-tube  removes  this  objection.  The  subject 
upon  which  we  cannot  enter  more  fully  hero  is  very  exhaustively  treated  in  Mr.  Stevenson's 
recent  work  on  the  illumination  of  lighthouses. 

Tlie  follo^dng  Table  exhibits  the  comparative  illuminating  power  of  the  principal 
artifi  -ial  lights : — 
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a.  /3.  y*  i*  <• 

T  .  1  X        J     •  ^  Consumption  Intensity  of  light.  Light  obtained     niaminating 

^^Vt      e^  perhoMin       (iwaioanX     fromiognns.of     power  (wa? 

grms.  =  100).  this  material,    candles  =  loo). 

w ax       •••     •••     •>•     •••  u  wZ 

Stearic  acid 9*94 

Spennaceti  ...     8*87 

Tallow 887 

Paraffin ( I st quality)   ...  883 

(2nd    „     )  ...  849 

^*  f  Moderator  lamp  ...  40' 69 

2  J  Kitchen  lamp       ...  733 

•^  I  Reading  lamp,  with - 

^  \  out  glass  chimney  9*86 

Photogen      2002 

Solar  oil        26*82 

Petroleum     15*06 


»» 


8-09 


« 100). 

this  material. 

candles  » 

I02*00 

III'02 

100 

9550 

9603 

84 

108-30 

123-17 

108 

9025 

10170 

90 

— 

9469 

83 

— 

139-87 

123 

694*00 

170*07 

159 

45-67 

62*30 

55 

ii4'oi 

11580 

102 

— 

149*03 

131 

— 

22564 

199 

— 

174*40 

180 

— 

i86'oi 

195 

According  to  Dr.  Frankland's  researches,  the  following  quantities  of  illuminating 
materials  exhibit  equal  illuminating  power : — 

Young's  paraffin  oil  from  Boghead  coal  4*53  litres. 

American  petroleum  (No.  i) 5*70     „ 

f,  (No.  2) 5*88     „ 

Paraffin  candles       ... 842  kilos. 

Spermaceti  candles 10*37 

wax  I,         ...     ...     ••.     ...     ..a  II  95 

Stearine  „        12*50 

Tallow  „        16*30 


ft 
ft 
tt 
tt 


Pabatfin  akd  Solar  ob  Petbolkum  Oils. 

panfflnont.  Paraffin  was  discovered  in  the  year  1830  by  Karl  von  Reichenbaoh 
among  the  products  of  the  dry  distillation  of  beech-wood  tar,  and  has  obtained  its 
name  from  parum,  little,  and  affinis,  related  to,  on  account  of  its  incapability  of 
chemically  uniting  with  other  substances.  Paraffin  is  not  acted  upon  by  alkalies  or 
acids,  nor  is  it  decomposed  at  a  red-heat.  It  was  afterwards  found  that  paraffin  is 
also  formed  by  the  dry  distillation  of  peat,  brown  coal.  Boghead,  and  some  cannel 
coals,  but  not  by  the  dry  distillation  of  real  coal.  Paraffin  is  found  native  and  occunf 
in  large  quantities  in: — i.  Petroleum,  Rangoon  and  Persian,  which  sometimes  con- 
tains 6  to  40  per  cent.  2.  In  impure  state,  under  the  names  of  ozokerite,  neft-gil, 
or  mineral  wax.  3.  In  bitumen,  asphalte  as  contained  in  some  schistose  rocks,  and 
as  met  with  at  Trinidad  and  elsewhere. 

Mannfaetnn  of  Panffln.  The  mode  of  obtaining  thls  substance  differs  according  to  its 
being  an  educt  or  a  product.  It  is  an  educt  as  obtained  from  petroleum,  ozokerit, 
neft-gil ;  but  a  product  of  the  dry  distillation  of  brown  coal,  peat,  and  the  Boghead 
shale. 


I 


684  CHEMICAL  TEOBVtOLOOY. 

''"SSSpJtS'iiiSJ"*  '•  '^^^  petroleum  contains  paraffin  was  known  in  the  year  i8ao, 
when  A.  Buchner  discovered  in  the  eartli  oil  of  the  Tegemsee,  in  Upper  Bavaria,  t 
solid,  fatty  substance,  which  was  afterwards  ascertained  by  V.  Kobell  to  be  paraffin. 
Hence  Buchner  is  locally  considered  to  be  tlio  discoverer  of  paraffin ;  while  hter 
researches  have  proved  that  the  earth  oil  of  Baku,  on  the  Caspian  Sea ;  of  Amiano, 
near  Parma;  and  of  Gabian,  Herault,  France;  contain  this  substance  to  greater  or 
less  extent.  The  idea  of  using  tliese  oils  for  the  industrial  preparation  of  p^i-affi" 
dates  only  from  1856,  when  some  samples  of  petroleum  which  were  found  to  contain 
a  large  quantity  of  paraffin  were  imported  into  Europe.  The  American  petroleums 
contain  only  a  very  small  quantity  of  paraffin;  but  in  tliose  derived  from  Burmah 
and  Kangoon,  Gregory,  Dc  la  Hue,  and  H.  Miiller  found  10  per  cent.  Bleekrode 
investigated  a  sample  of  Java  petroleum  wliich  contained  40  per  cent  of  paraffin. 
The  mountain  naplitha  of  Eastern  Galicia  is  with  great  advantage  employed  for  pre- 
paring paraffin.  According  to  Jaciusky,  45,000  cwts.  of  this  material  were  in  z866 
obtained  from  this  naphtha. 

The  Bangoon  oil  obtained  from  Burmah  as  a  native  product  flowing  from  springs 
in  the  neighbourhood  of  the  river  Irawadi  is,  according  to  De  la  Roe's  patent 
(1854),  treated  in  the  following  manner  for  the  puri)ose  of  preparing  paraffin  and 
hydrocarbon  oils.  The  crude  oil  is  first  put  into  a  still,  which  can  be  heated  by  fire 
externally  while  steam  is  admitted  internally.  By  tliis  operation  about  25  per  cent 
of  a  fluid  is  obtained,  which  on  being  submitted  to  fractional  distillation  yields 
hydrocarbon,  the  sp.  gr.  of  which  varies  from  062  to  o'86,  while  the  boiling-point 
varies  from  267''  to  200^.  The  lightest  and  most  volatile  of  these  hydrocarbons  is 
used  OS  an  anesthetic,  under  the  name  of  SJtertcood  oil,  while  the  heavier  oils 
are  burnt  in  paraffin  lumps.  The  residue  of  this  first  distillation — about  75  per  cent 
of  the  original  quantity — is  again  distilled,  but  with  steam  at  150**  to  200**;  and  the 
products  of  variable  volatility  are  separately  collected.  The  last  portions  of  the  dis- 
tillate contain  chiefly  paraffin,  which  is  in  crude  state  separated  from  the  Hquid 
by  the  application  of  artificial  cold.  The  heavy  oil  is  used  as  lubricating  oil,  and  the 
paraffin  is  purified  as  already  described. 

'^'^SSi'SuftSu!^*'***  Paraffin  is  prepared  from  ozokerite  and  neft-gil,  on  the  island 
Swatoi-Ostrow,  in  tlie  Caspian  Sea,  about  a  verst  ( =  106678  metres)  firom  the 
peninsula  Apscherou,  on  tlie  Caucasian  shore.  The  neft-gil  is  carried  by  ships  firom 
Truchmeuia.  Paraffin  is  largely  manufactured  in  Galicia  from  the  mineral  wax 
which  occurs  near  Drohobicz  and  Boryslaw,  also  on  the  northern  slopes  of  the  Car- 
pathian mountains,  and  in  other  parts  of  the  Austrian  Empire.  The  chief  works  are 
found  at  Aussig,  Florisdorf,  Ostrau,  Vienna,  New  Pesth,  Temisvar,  &c  Mineral  wax 
is  also  largely  found  in  Texas. 

Neft-gil,  according  to  F.  RossmassUer,  is  treated  in  the  following  manner:— 
15  cwts.  of  the  crude  material  is  put  into  iron  stills  provided  with  a  leaden  worm,  and 
submitted  to  fractional  distillation,  yielding  68  per  cent  of  distillate,  consisting  of 
8  per  cent  of  oil  and  60  per  cent  of  crude  paraffin.  The  oil  thus  obtained  is  yellow, 
opalescent,  possesses  an  etliereal  odour,  and  a  sp.  gr.  of  075  to  o'8i.  Each  distilla- 
tion yields  a  quantity  of  a  light  oil  boiling  below  loo^  which  is  used  for  the  purpose 
of  purifying  the  paraffin.  The  crude  paraffin  obtained  by  the  first  distillation  is 
tolerably  pure,  has  a  yellow  colour,  and  can  at  once  be  treated  by  the  hydraulic  press 
and  centrifugal  machine.  The  oil  from  these  operations  is  again  submitted  to 
Sractional  dLitillalion  in  order  to  obtain  more  paraffin.     The  pressed  paraffin  is 
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molten  and  treated  at  170''  to  180''  with  Bnlpharic  acid,  which  is  next  neutralised  by 
means  of  lime,  and  the  paraffin  again  rapidly  distilled ;  then  again  submitted 
to  strong  pressure,  and  the  material  obtained  treated  with  25  per  cent  of  the  light 
oil ;  then  again  molten,  again  pressed,  and  finally  treated  with  steam  for  the  purpose  of 
eliminating  the  last  traces  of  essential  oil.  The  material  obtained  by  this  treatment 
is  a  perfectly  pure,  colourless  material,  free  from  smell,  transparent,  and  so  hard  as 
to  exhibit  in  large  blocks  an  almost  metallic  sound.  The  fusion-point  is  63®. 
Bossmassler  states  that  the  raw  material  yielded  to  him  in  a  week's  time,  after 
a  previous  continued  distillation  of  two  months,  148!  cwts.  of  paraffin  ready 
for  second  pressure.  The  Oalician  ozokerite  yields  by  distillation  only  24  per  cent  of 
paraffin,  and  45  per  cent  of  paraffin  oil,  also  termed  ozokerite  oil. 

Paraffin  from  Bitumen.  €.  Paraffin' is  made  in  England  from  bitumen,  asphalte,  mineral 
tar,  and  the  bituminous  organic  matter  present  in  certain  shales ;  among  these,  the 
so-called  Kimmeridge  clay,  Boghead  coal,  and  a  few  cannel  coals.  The  asphalte 
occurring  in  Trinidad,  Cuba,  Nicaragua,  Peru,  California,  and  other  countries,  is 
used  for  the  purpose  of  preparing  paraffin  and  paraffin  oils.  The  Cuba  and  Trinidad 
asphaltes  yield  175  per  cent  paraffin.  The  extensive  deposits  of  bituminous  shale  in 
Hungary  are  treated  for  paraffin  and  oil  at  Oravicza.  According  to  Wiinschmann,  the 
shale  yields  5  to  6  per  cent  of  paraffin,  49  per  cent  of  oil  suited  for  burning  in  lamps, 
and  6  per  cent  of  lubricating  oil. 

^^^DuuiSS!^^^  The  preparation  of  paraffin  by  the  dry  distillation  of  peat, 
brown-coal,  coal-shale,  Boghead  coal,  &c.,  involves  two  operations: — i.  The  prepa- 
ration of  tar.  2.  The  application  of  the  latter  to  the  preparation  of  paraffin  oil 
and  paraffin.  The  coal-tar  of  the  gas-works  does  not  contain  paraffin,  but  naphtha- 
line and  anthracen. 

Prcptfation  of  the  Tar.  I.  This  Operation  is  one  of  the  most  important  and  difficult  of 
the  industry,  and  during  the  last  fifty  years  many  enterprises  imdertaken  for  the 
application  of  fossil  fuel  to  the  preparation  of  illuminating  materials  have  failed 
solely  on  account  of  the  imperfect  preparation  of  the  tar.  The  making  of  the  tar  is 
carried  on  in  retorts  or  in  peculiarly  constructed  ovens,  the  distillation  being  in  many 
cases  assisted  by  the  application  of  superheated  steam.  The  principle  of  the  con- 
struction of  the  tar  oven  is  very  simple,  being  that  by  a  portion  of  fuel  burning  in  the 
lower  part  of  the  oven,  a  layer,  more  or  less  thick,  of  superincumbent  fuel,  is  sub- 
mitted to  a  slow  carbonisation,  resulting  in  the  production  of  tar,  which  flows  down- 
wards, while  the  gaseous  products  are  lost.  In  order  to  prevent  its  violent  combus- 
tion, the  fuel  is  covered  with  a  layer  of  clay.  But  as  experience  has  shown  that  this 
mode  of  distillation  is  not  well  suited  for  the  production  of  tar  intended  to  yield 
paraffin  and  the  oils,  it  is  not  general  in  practice  on  the  large  scale,  although  it  has 
the  advantage  of  being  a  continuous  and  uninterrupted  process.  According  to 
report,  an  oven  constructed  by  L.  Unger,  the  manager  of  a  paraffin  works  at  DoU- 
nitz,  near  Halle,  yields  suitable  products,  while  a  saving  is  efiEected  in  labour  as  well 
as  in  the  quantity  of  fuel  required  for  the  distillation. 

Horizontal  retorts  are  frequently  used  for  the  preparation  of  tar,  but  experience 
has  taught  that  if  in  the  construction  of  the  furnaces  containing  the  retorts  the 
arrangement  is  similar  to  that  of  a  gas-works  where  four  to  eight  retorts  are  worked 
in  one  furnace,  no  satisfactory  results  can  be  obtained,  one  of  the  reasons  being  that 
the  principles  of  gas-  and  of  tar-making  are  entirely  opposed.  It  appears  to  be 
necessary  to  construct  a  furnace  for  every  retort,  and  that  the  furnace  should  be 
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of  sQoh  dimensions  as  to  be  suited  to  hold  a  retort  zo  feet  long,  30  inob^s  wide,  and 
15  inches  high,  forming  in  section  a  shallow  oval.  More  recently  there  have  been 
built  in  Bohemia  and  elsewhere  brickwork  retorts,  shaped  somewhat  like  a  baker*! 
oven.  These  seem  to  answer  well,  but  are  difficult  to  repair  although  of  small  fint 
cost.  Vohl  observed  that  a  quantity  of  20  to  25  per  cent  of  water  present  in  the 
fossil  material  very  greatly  assists  the  formation  and  increases  the  yield  of  tar, 
owing  to  tlie  superheated  steam  formed  from  the  water  during  the  distillation 
carrying  off  tlie  vapours  of  the  tar  rapidly  from  the  hot  retort.  This  has  given  rise 
to  the  construction  of  Lavender's  tar-producing  apparatus,  the  principle  of  which  is 
the  same  as  that  of  Violetti's  wood-charring  apparatus  used  for  the  preparation  of 
tlie  charcoal  in  gunpowder  manufacture.  Lavender's  apparatus  consists  of  an  iron 
cylinder  provided  with  holes  at  the  bottom  for  the  purpose  of  admitting  superheated 
steam,  while  to  the  top  of  the  cylinder  a  tube  is  fitted  for  carrying  off  the  prodacts  of 
the  distillation.  It  would  appear  that  L.  Ramdohr's  method  of  preparing  tar  from 
brown-coal  by  means  of  steam  yields  a  tar  which  contains  22  to  24  per  cent  of 
paraffin  and  36  to  38  per  cent  of  oil. 

v!^SI^S'S^*Tu.  '^^^^  condensation  of  the  products  of  the  dry  distillation  is  one  of 
the  most  important  operations,  and  greatly  influences  tlie  yield  of  tar.  Yohl  has 
lately  proved  that  even  when  the  construction  of  the  retorts  is  not  of  the  best»  an 
average  yield  of  tar  may  be  obtained  by  attention  to  the  condensation  of  the  vapours. 
The  complete  condensation  of  the  vapours  of  the  tar  is  one  of  the  most  difficult 
problems  the  paraffin  and  mineral  oil  manufacturer  has  to  deal  with,  while  the  means 
usually  adopted  for  condensation,  such  as  large  condensing  surfaces,  injection  of  cold 
water,  and  tlie  like,  have  proved  ineffectual.  It  has  often  been  attempted  to  condense 
the  vapours  of  tar  in  the  same  manner  as  those  of  alcohol,  but  there  exist  essential 
differences  between  the  distillation  of  fluids  and  dry  distillation.  In  the  former  case 
the  vapours  soon  expel  all  the  air  completely  from  the  still  and  from  tlie  condenser, 
and  provided,  therefore,  that — in  reference  to  the  size  of  the  still  and  bulk  of  the 
boiling  liquid — the  latter  be  large  and  cool  enough,  every  particle  of  vapour  must 
come  into  contact  with  the  condensing  surfaces.  In  the  process  of  dry  distillation 
the  case  is  entirely  different,  because  with  the  vapours,  say  of  tar,  permanent  gases 
are  always  generated.  On  coming  into  contact  with  the  condensing  surfaces,  a 
portion  of  the  vapours  are  liquefied,  leaving  a  layer  of  gas  as  a  coating,  as  it  were,' 
on  the  condensing  surface.  The  gas  being  a  bad  conductor  of  heat,  prevents  to  such 
an  extent  the  further  action  of  the  condensing  apparatus,  that  a  large  proportion  of 
the  vapours  are  carried  on  and  may  be  altogetlier  lost.  A  sufficient  condensation  of 
the  vapours  of  tar  can  be  obtained  only  by  bringing  all  the  particles  of  matter  which 
ore  carried  off  from  the  retorts  into  contact  with  the  condensing  surface,  which  need 
neither  be  very  large  nor  exceedingly  cold,  because  the  latent  heat  of  the  Tapours 
of  tar  is  small,  and  consequently  a  moderately  low  temperature  will  be  sufficient  to 
condense  these  vapours  to  tlie  liquid  state.  The  mixture  of  gases  and  vapours  may 
be  compared  to  an  emulsion,  such  as  milk,  and  as  the  particles  of  butter  may  be 
separated  from  milk  by  churning,  so  the  separation  of  the  vapours  of  tar  from  the 
gases  can  be  greatly  assisted  by  tlie  use  of  exhausters  acting  in  the  manner  of 
blowing  fans.  It  is  of  the  utmost  importance  in  condensing  the  vapours  of  tar  that 
the  molecules  of  the  vapours  be  kept  in  continuous  motion,  and  thus  made  to  touch 
the  sides  of  the  condenser.  The  condenser  should  not  be  constructed  so  that  the 
rapourauid  gases  can  flow  uniutoTiuptedly  in  one  and  the  same  direction.    The 
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temperature  at  which  the  distillation  is  conducted  greatly  influences  tlie  yield  of  tar, 

and  consequently  of  the  paraffin  and  oil.    As  regards  the  influence  of  the  shape  of 

the  retorts  and  mode  of  distillation,  H.  Vohl  made  the  undermentioned  comparative 

researches  by  distilling  French  and  Scotch  peat  in  horizontal  retorts  (No.  I.j,  in 

vertical  retorts  iNo.  II.),  and  in  ovens  somewhat  like  coke-ovens  (No.  III.) 

100  parts  of  peat  yield  of  tar,— 

I.  II.  m. 

French  peat 5*59  467  269 

Scotch  peat    9'o8  639  4'i6 

The  sp.  gr.  of  tlie  tar  from  the  different  kinds  of  apparatus  was  as  follows : — 

I.  n.  m. 

French  peat 0*920  0970  i'oo6 

Scotch  peat o"935  0970  1*037 

It  appears  from  these  results  that  horizontal  retorts  yield  the  largest,  and  ovens 
the  smallest,  quantity  of  tar ;  moreover,  the  duration  of  the  operation  of  distilling  is 
shortest  in  horizontal  retorts,  which  also  yield  less  gas,  while  in  the  ovens  both  tar 
and  coke  are  burnt  away  to  a  conftderable  extent  by  the  too  great  supply  of  oxygen. 
prop«riiM  of  Tar.  The  tar  obtained  from  the  retorts  in  distilling  peat,  brown-coal, 
lignite,  bituminous  shales.  Boghead  coal,  &c.,  at  as  low  a  temperature  as  possible, 
and  hardly  higher  than  dull  red-heat  even  towards  the  end  of  the  operation,  exhibits 
a  coffee-brown  colour,  generally  an  alkaline,  in  some  instances  an  acid,  reaction,  and 
possesses  the  very  penetrating  odour  characteristic  of  tar.  By  exposure  to  air  the 
colour  of  the  tar  becomes  deeper,  and  sometimes  even  brownish-black.  This  tar 
often  semi-solidifies  at  a  temperature  of  9^  to  6"*,  owing  to  the  paraffin  it  contains. 
The  sp.  gr.  varies  from  085  to  093,  and  consequently  the  tar  floats  on  water.  The 
so-called  steam-tar,  obtained  by  the  aid  of  superheated  steam  from  brown-coal 
(according  to  Kamdohr's  plan,  1869)  always  has  an  acid  reaction,  and  is  completely 
saponified  by  alkalies ;  this  tar  becomes  solid  at  a  temperature  of  55**  to  6o^  and  can 
therefore  be  preserved  in  solid  blocks  in  summer  time.    Its  sp.  gr.  is  0875. 

As  regards  the  quantity  of  tar  obtained  irom  100  parts  of  raw  material,  the  fol- 
lowing results  are  most  general : — 


Tar. 

8p.gr. 

Grade  paraffin; 
Per  cent. 

Foliated  bituminous 

dk    \dm      \0\dmmw* 

shale, 

»»                   »» 

Siebengebirge 
Hesse 

20-00 
2500 

0880 
0880 

0*750 

I'OOO 

Brown- coal. 

Prussian  Saxony 

700 

0*910 

0*500 

»» 

>i 

lO'OO 

0'920 

0750 

»» 

ft 

6'oo 

0-915 

0-500 

»♦ 

Bohemia 

5*oo 
1 100 

0910 
0860 

0250 

»» 

Westerwald 

550 

0910 

— 

»» 
♦» 

»» 
Nassau 

350 
4*oo 

0*910 
0-910 

""" 

Frankfort 

300 
9'oo 

0*910 
0890 

.^^ 

Lignite, 
Shale, 

Silesia 
Vendue 

300 
1400 

0890 
0870 

025 
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Tar. 

Sp.gr. 

1 

Crude  paraffin. 
Per  cent. 

Shale, 

Scliist, 

Peat, 

Westphalia 

Wiirteniburg 

Neumark 

Hanover 

Erzgebirge 

500 
963 
500 
900 

570 

0920 

0975 
0910 

0920 

0902 

0050 
0*124 
0330 
0330 
0350 

Russia 

530 
586 

0905 

0*400 

Boghead  coal, 
Cannel  coal. 

♦♦ 
Scotland 

If 

700 
3300 

0860 

• 

1—1*4 
I— 13 

Peltonian  coal, 

II 

— 

— 

1*000 

Coarse  coal. 

»» 

900 

0*910 

I— -I'25 

Mods  of  Operating 
with  the  Tar. 

Tlie  first 

thing  to  be  done  with  the  crude  tar 

is  to  separate  i 

wa^r,  which  is  effected  by  pumping  the  tar  into  the  dehydrating  apparatus.  These 
apparatus  consist  of  tanks  of  boiler-plate,  placed  within  a  larger  tank,  so  that  a  space 
of  10  centims.  intervenes,  into  which  water  is  poured  and  maintained  by  means  of 
steam  at  a  temperature  of  60°  to  80"  for  ten  hours.  After  this  time  the  ammoniacal 
water  and  other  impurities,  together  about  one-third  of  the  bulk  of  the  crude  tar, 
have  become  separated,  while  the  small  quantity  of  water  still  adliering  to  the  tar  is 
of  no  consequence  in  the  further  operations.  The  tar  is  decanted  by  opening  a  stop- 
cock or  valve  placed  near  the  top  of  the  tank,  and  the  ammoniacal  water  is  removed 
by  opening  a  stop-cock  at  the  bottom. 

Specifically  light  tars  are  of  course  readily  separated  from  the  water,  while  heavy 
tars  ftre  more  difficult  to  deal  with.  If  to  the  ammoniacal  water  of  such  tars  salts 
are  added,  for  instance,  common  salt,  Glauber  salt,  cliloride  of  calcium,  and  the  like, 
the  specific  gravity  of  the  water  is  increased,  and  the  heavy  tar  more  readily  sepa- 
rated ;  but  according  to  Dullo  these  means  are  eiUier  too  expensive  or  do  not  quite 
answer  the  purpose.  The  complete  septu^tion  of  the  tar  from  the  water  is  of  the 
greatest  importance,  because  in  the  subsequent  distillation  the  presence  of  water  may 
cause  the  tar  to  boil  over  and  give  rise  to  serious  accidents  by  coming  in  contact 
with  the  fire  under  tlie  stills. 

Distoiauon  of  the  Tar.  This  Operation  is  usually  carried  on  in  cast-iron  stills  large 
enough  to  hold  20  cwts.  of  tar.  In  order  to  prevent  the  flame  impin^g  on  the 
bottom  of  the  still,  it  is  protected  by  a  fire-brick  ai*ch.  The  still  is  usually  built  in 
two  separate  parts,  which  are  joined  with  a  flange  and  bolts,  so  that  if  the  lower  part 
is  burnt  out,  only  that  requires  to  be  renewed. 

The  helms  of  these  stills  are  rather  flat  and  the  spout  very  wide.  The  vapours  of 
the  various  oils  have  a  high  density  and  low  latent  heat,  so  that  these  vapours  have 
a  tendency  to  condense  readily  and  flow  back  into  the  still ;  therefore  the  helm  is 
covered  with  sand  or  ash,  being  bad  conductors  of  heat.  When  the  tar  is  thoroughly 
dehydrated,  the  distillation  proceeds  quietly  and  witliout  ebullition  ;  but  if  any  water 
be  mixed  with  or  adheres  to  the  tar,  the  liquid  in  the  still  boils  violently  and  is  very 
apt  to  boil  over.  At  below  100°  tlie  tar  loses  the  very  volatile  sulphide  of  ammonium 
and  the  pyrrhol  bases,  while  gases  are  evolved  which  ought  to  be  allowed  to  escape 
by  A  safety-valve.    The  true  diBtillation  begins  at  100°,  yielding  at  first  a  distillate 
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consisting  of  very  strong  ammoniacal  liquor  and  some  light  oils.    The  boiling-point 
of  the  tar  is  not  constant,  the  oil  coming  over  unintermptedly  when  the  temperature 
has  risen  to  above  200** ;  then  the  boiling-point  becomes  somewhat  constant,  while 
with  the  oil  some  water  comes  over,  due  to  the  chemically-combined  water  of  the 
carbolic  acid  being  set  free.    The  distillation  then  again  becomes  somewhat  inter- 
rupted, and  can  be  maintained  only  by  stronger  firing  of  the  retort.    The  oils  now 
distilling  over  become  solid  on  cooling,  owing  to  the  large  proportion  of  paraffin  they 
contain.    The  distillation  is  continued  to  dryness,  the  asphalte  left  in  the  still  being 
removed  after  about  four  or  five  operations,  and  for  this  purpose  the  still  is  some- 
what cooled  and  the  molten  asphalte  run  off  by  a  tap  at  the  bottom  of  the  still.    If 
the  distillation  is  carried  to  dryness,  some  water  finally  distils  over,  due  to  the 
decomposition  of  the  organic  matter.    A  still  of  500  litres  capacity  can  be  distilled 
off  in  twelve  to  fourteen  hours,  if  the  operation  is  pushed  so  far  as  to  decompose 
tlie  asphalte,  leaving  only  a  carbonaceous  residue ;  but  if  the  asphalte  is  to  be  col- 
lected, the  distillation  must  be  stopped  after  eight  to  ten  hours.    The  still  is  sepa- 
rated from  the  condensing  apparatus  by  a  massive  wall,  through  which  the  spout  of 
the  helm  is  passed  into  the  leaden  worm  serving  as  a  condenser,  and  kept  cool  by 
being  placed  in  a  wooden  tank  filled  with  cold  water.    But  as  soon  as  the  paraffin 
magma  begins  to  come  over  the  water  is  allowed  to  become  warm,  in  order  to 
prevent  the  paraffin  solidifying  in  the  worm.    The  gases  wliich  are  evolved  towards 
the  end  of  the  distillation  are  carried  off  by  a  pipe  communicating  with  the  cliimney. 
Trwtoent  o^  toj^producto      xhc  mixcd  products  or  raw  oils  obtained  by  the  distillation 
are  poured  into  a  large  cast-iron  cylinder  and  mixed  with  a  solution  of  caustic  soda 
80  as  to  cause  the  latter  to  act  upon,  and  intimately  combine  with,  the  acid  sub- 
stances (homologues  of  carbolic  acid) — simply  termed  creosote  in  the  works — and 
pyroligneous  acid — which  impart  an  offensive  odour  and  dark  colour  to  the  oils. 
When  the  mixture  of  the  oils  and  caustic  soda  solution  has  been  effected,  tlie  fluid  is 
run  into  an  iron  tank  and  allowed  to  settle ;  the  creosote-soda  is  then  removed,  and 
the  oil  washed  with  water  to  eliminate  any  adhering  alkali.    The  crude  oil  is  next 
similarly  treated  with  sulphuric  acid  for  the  purpose  of  removing  basic  substances, 
which  impart  odour  and  colour.    The  quantity  of  acid  to  be  used  and  the  duration 
of  its  action,  aided  sometimes  by  heat,  depend  upon  the  nature  of  the  crude  oil — 
5  per  cent  of  acid  of  170  sp.  gr.  and  five  minutes  action  are  sometimes  sufficient, 
while  in  other  cases  25  per  cent  of  acid  will  be  required,  and  three  hours*  contact 
with  the  oiL    The  action  of  the  sulphuric  acid  should  be  careftdly  watched,  as  it  may 
ii^jure  the  quality  of  the  oil  by  decomposing  some  of  the  lighter  hydrocarbons,  whereby 
sulphurous  acid  is  given  off.    The  mixture  of  acid  and  oil  is  allowed  to  settle  { 
the  former  is  run  off,  and  the  latter  washed  first  with  water  then  with  very  dilute 
soda  ley,  and  is  finally  poured  into  the  rectifying  stills.  The  solution  of  creosote-soda 
is  neutralised  with  the  sulphuric  acid  from  the  preceding  operation,  the  result  being 
that  crude  carbolic  acid  is  obtained,  which  is  used  for  various  purposes ;  such  as 
impregnating  wooden  railway  sleepers,  as  a  disinfecting  material,  or  for  preparing 
certain  tar-colours  (see  p.  580).    More  recently  the  creosote-soda  has  been  used  for 
gas  manufacture,  leaving  a  coke  containing  soda,  the  soda  being  abstracted  by 
lixiviation  with  water. 

^^''a^Mit!  ^      ^is  operation  is  conducted  precisely  as  the  distillation  of  the  tar. 
The  oils  are  separated  according  to  their  greater  or  less  volatility  and  specific 
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graTity,  or  are  kept  mixed,  as  paraffin  oil,  at  a  sp.  gr.  of  0*833,  and  sent  as  Bach  to  the 
market  "When  the  oil  which  comes  over  begins  to  solidify  on  cooling  or  exhibits  a 
sp.  gr.  of  o'88  to  0*9,  it  is  separately  collected  and  placed  in  a  oool  sitnation  for  the 
purpose  of  crystallising  the  paraffin.  The  vessels  in  which  the  paraffin  magm^ 
is  placed  for  the  pnrpose  of  solidifying  are  rectangular  iron  tanks,  fitted  with  a  tap, 
or  are  conical,  sugar-loaf  shaped  vessels,  made  of  iron  or  wood,  and  from  1*6  to  2 
metres  high,  and  i  metre  wide  at  the  top,  being  provided  with  a  tap  for  the  purpose 
•f  removing  the  oily  matter  which  has  not  solidified  after  the  lapse  of  about  two 
to  four  weeks.  This  thick  oil  is  next  cooled  to  far  below  the  freezing-point  of  water, 
in  order  to  obtain  more  paraffin  and  other  hydrocarbons  mixed  with  it  Any 
•till  non-solidified  matter  is,  when  it  has  a  low  specific  gravity,  again  refined  by  dis- 
tillation, and  will  yield  paraffin  oil ;  but  if  its  sp.  gr.  is  high — say  from  o'925  to  0'940— 
it  is  used  as  a  lubricating  oil,  known  abroad  as  Belgian  waggon  grease. 

B«a«ii»^^2^crude      ^hc  cTude  paraffin  is  in  EIngland  sold  to  the  refiners,  who  are 
also  paraffin-candle  makers;   but  on  the  Continent  every  manufacturer  of  crude 
paraffin  refines  his  product  and  converts  it  into  candles.    The  crude  paraffin,  so- 
called  paraffin  butter,  is  treated  in  various  ways :  some  manufacturers  crystaUise  it 
by  the  aid  of  cold,  and  press  it  for  the  purpose  of  removing  any  oil ;  others  again 
first  treat  the  crude  material  with  caustic  alkali  ley,  next  with  sulphuric  acid, 
and  then  again  distil  it  or  leave  it  to  cr3rstalli8e.    The  caustic  soda  ley  removes 
from  the  paraffin  all  the  acid  substances  and  other  impurities  it  may  contain.    The 
partly  purified  paraffin  is  now  treated  with  6  to  10  per  cent  of  sulphuric  acid, 
whereby  alkaline  and  resinous  matters  are  removed.    The  loss  in  bulk  of  the  crude 
material  by  these  operations  amounts  to  about  5  per  cent.    The  purified  paraffin  is 
next  allowed  to  remain  in  a  very  cool  place  for  some  tliree  or  four  weeks;   after 
which  the  nearly  solid  mass  is  filtered,  then  submitted  to  the  action  of  centrifugal 
mao'unes,  and  finally  strongly  pressed.     The  oil  which  is  separated  from  the 
paraffin  is  again  distilled,  yielding  paraffin  oil  and  paraffin  butter.   The  solid  paraffin 
is  molten,  cast  into  blocks,  and  these  submitted  to  very  powerful  hydraulic  pressure. 
The  pressed  cake  is  next  treated  at  180^  with  10  per  cent  of  sulphuric  acid  for  two 
hours,  then  washed  with  hot  water,  again  cast  into  blocks,  again  pressed,  and 
then  washed  with  a  solution  of  caustic  soda.    Instead  of  treating  the  paraffin  with 
active  agents,  it  has  been  proposed  to  use  neutral  solvents  for  the  removal  of  the 
oily  materials;    for  this  purpose,  benzol,  light  tar  oils,  benzoline,  and  sulphide 
of  carbon,  have  been  employed  in  the  following  manner: — The  crude  paraffin 
is  first  hot-pressed,  and  the  pressed  mass  fused  with  5  to  6  per  cent  of  the  solvent ; 
having  been  again  cast  into  blocks,  these  are  pressed,  and  the  operation  repeated  if 
necessary.    The  paraffin  having  thus  been  made  quite  white  and  pure,  is  again  fused 
and  treated  with  high-pressure  steam,  forced  into  the  molten  mass  for  the  purpose  of 
volatilising  the  last  traces  of  the  solvents.    The  sulphide  of  carbon,  first  employed 
by  Alcan  (1858)  for  refining  paraffin,  is  used  in  the  following  manner : — The  paraffin 
is  melted  at  tlie  lowest  possible  temperature,  then  well  mixed  with  10  to  15  per  cent 
of  sulphide  of  carbon,  after  which  the  cooled  and  solidified  mass  is  strongly  pressed, 
the  expressed  fluid  being  submitted  to  distillation  for  the  purpose  of  recovering  the 
sulphide  of  carbon.    The  paraffin  is  next  fused  and  kept  in  liquid  state  for  some 
time  for  the  purpose  of  eliminating  the  adhering  sulphide  of  carbon. 

^mSogpS^^      Instead  of  following  the  preceding  method  with  the  crude  tar, 
JEKiiiDer  treats  it  first  with  BulphMxic  «a\^,  %xi<^  li^xX.  ^\^\JbL<^tex^  separated  from  the 
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acid,  over  quick-lime.  The  crude  paraffin  obtained  is  pressed,  and  then  further 
refined  by  treating  it  with  colourless  brown-coal  tar  oil.  The  advantages  of  this 
method — ^by  which  one  distillation  is  saved — are : — 

a.  A  larger  jrield  of  paraffin. 

/3.  A  material  of  better  quality  and  greater  hardness  than  by  the  usual  method. 

With  the  paraffin  the  so-called  paraffin  oils  are  obtained;  but  this  industry 
has  been  greatly  crippled  by  the  extensive  importation  of  paraffin  oils  (really 
petroleum  oils)  from  America,  so  that  the  aim  of  the  paraffin  makers  is  to  increase 
the  yield  of  paraffin.  By  Hiibner's  method  of  distillation  over  quick-lime, 
40  to  50  per  cent  of  impurities  (cliiefly  empyreumatic  resins  and  creosote)  are 
removed,  which  by  the  old  process  are  only  got  rid  of  at  greater  expense  by  the  use 
of  caustic  soda. 

YUsid  of  Pwaffln.  As  regards  the  yield  of  paraffin,  paraffin  oil,  and  lubricating  oil,  from 
the  various  kinds  of  raw  materials,  we  quote  the  following  particulars.  At  the  Ber- 
nuthsfeld  works,  near  Aurich,  the  excellent  peat  yields  6  to  8  per  cent  of  tar ; 
20  per  cent  of  paraffin  oil,  of  sp.  gr.  =  0*830 ;  and  075  per  cent  of  paraffin.  H.  Vohl 
obtained  from  100  parts  of  peat-tar  from  the  peat  of  undermentioned  localities : — 

Paraffin  Oil.        Lubricating  Oil.        Paraffin 
Sp.  gr.,  0*820.         Sp.  gr.,  0*860. 

Celle  (Hanover)        34'6o 

Coburg ...  20*62 

Damme  (Westphalia)       ...  19 '45 

Zurich  (Switzerland)       ...  14*40 

Kussia       20*39 

Westphalia       ii'oo 

Brown-coAi.  In  the  works  situated  in  the  Weissenfels  brown-coal  mineral  district, 
I  ton  ( =  275  to  300  lbs.)  of  the  mineral  yields  35  to  50  lbs.  of  tar.  100  lbs.  of  this 
tar  yield  8  to  10  lbs.  of  hard  paraffin  suited  for  candle-making,  and  further  8  to  10 
lbs.  of  soft  paraffin  for  use  in  stearine-candle  making,  as  well  as  43  lbs.  of  paraffin 
oil.  Hiibner's  works  at  Rehmsdorf,  near  Zeitz,  yield  annually  from  360,000  cwts. 
of  brown-coal  about  40,000  cwts.  of  tar,  yielding  18,000  cwts.  of  crude  oil, 
4000  cwts.  of  refined  paraffin  oil,  and  6000  cwts.  of  paraffin. 

100  parts  of  retort'tar  (in  contradistinction  to  steam-tar)  from  brown-coal  yield : — 

Brown-coal  from — 

Aschersleben,  Prussia  ... 
Frankenhausen    „ 
Miinden  „ 

Oldisleben  „ 

Cassel  „ 

Der  Khon,  Bavaria 
Tilleda.  Prussia 

Stockheim,  near  Diiren 
Bensberg,  near  Cologne 
Tscheitch,  Austro-Hungary ... 
Eger  „ 

Herwitz  „ 

Schobritz         „ 


36*00 

8*01 

26*57 

312 

19*54 

3'3T^ 

8*66 

042 

20*39 

3*36 

19*48 

2-25 

I* 


Paraffin  oil. 

Lubricating  oil. 

Paraffin. 

Sp.  gr.,  0*820. 

Sp.  gr.,  o'86o. 

^    «■&  mmmmm^t^  m 

33*50 

40*00 

3-3^ 

33'4i 

4006 

67 

1750 

2621 

50 

1772 
16*42 

2660 
2714 

4*4 

4*2 

Analysed  by 

1062 

1937 

1*2 

1666 

1805 

4*4 

17*50 

2663 

3*2 

16-36 

19*53 

3*4  J 

9*04 

2886 

3*2) 

9*14 
22*00 

54-00 
4832 

5*2 
52 

Analysed  Iff 
C.  MiiUtf. 

21-68 

^^^^ 

^^ 

\ 
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Ramdohr  obtained  (1869)  from  steam-tar  from  brown-coal  on  an  average— 

.,  to  ^  per  cent  paraffin  I  ^  J  5  per  «>nt  fusing  at  56;  to  58:  j  ^^ 

36  to  38  per  cent  of  oil. 

With  careful  management  Bteam-tar  may  yield  28  to  30  per  cent  paraffin. 

The  quotations  of  the  yield  from  cannel  and  Boghead  coals  vary  veiy  much. 
100  parts  of  tar  from  bituminons  shale  were  found  to  yield : — 

Mineral  oil.    Lubricating  oil.    Paraflin. 

English  bitnminons  shale 2428 

Bituminons  shale  from  Romerickberg,  Prussia      25 '68 

Westphalia  „  2750 

„  Oedingen  on  the  Rhine  „  18*33 

.According to  Miiller  (1867),  100  parts  of  Galician  mineral  wax  (ozokerite)  yield 
24  per  cent  of  paraffin  and  40  per  cent  of  oil. 

Fnp«rtiMoiPumffln.  Pure  paraffin  is  a  white,  wax-like,  tasteless,  and  inodorous  sub- 
stance, with  a  slightly  fatty  appearance.  Its  sp.  gr.  is  0*877.  It  is  harder  than  tallow, 
but  softer  than  wax.  Its  properties  vary,  however,  according  to  the  raw  materials 
from  which  it  has  been  obtained.  Paraffin  from  Boghead  coal  has  been  obtained, 
alter  melting,  in  a  very  crystalline  state,  and  with  a  fusion-point  at  455^ ;  while, 
again,  it  has  been  obtained  granular  as  bleached  wax,  with  a  fusion-point  of  52^ 
Paraffin  from  Rangoon  oil  was  found  to  fuse  at  61'',  and  that  from  peat  at  46*7**.  The 
paraffin  from  the  tar  of  Saxony  brown-coals  fuses  at  56",  and  the  oil  paraffin  at  43*. 
The  native  paraffin  from  ozokerite  fuses  at  65*5°.  The  composition  of  the  various 
kinds  of  paraffin  is: — 

From  Peat.       pe^^ 


ft  »♦ 


40*00 

0'12 

4300 

0  II 

13*67 

III 

3833 

5*00 

From  Saxony 
Brown-coal. 

From 
Ozokerite. 

From  Boghead 
mineral. 

Carbon   ...    85*02 

85-26 

8500 

Hydrogen  .    14*98 

1474 

1536 

84*95—85-23      85*15 

1505— 15'»6        15*29 

From  these  figures  the  conclusion  may  be  drawn,  contrary  to  the  view  generalTy 
adopted,  according  to  which  all  varieties  of  paraffin  should  be  mixtures  of  hydro- 
carbons constituted  as  C„Hii  (whether  the  paraffin  be  obtained  from  brown-coal,  peat, 
ozokerite,  or  petroleum),  that  paraffin  is  a  mixture  of  hydrocarbons  homologous  with 
marsh-gas,  many  of  which  contain  no  less  than  €27.    Paraffin  is  insoluble  in  water, 
but  soluble  to  some  extent  in  boiling  alcohol ;   100  parts,  however,  dissolve  when 
boiling  only  3  parts  of  paraffin.    Paraffin  is  soluble  in  ether,  oil  of  turpentine,  oil  of 
olives,  benzol,  chloroform,  and  sulphide  of  carbon.    Paraffin  boils  above  300% 
and  may  be  distilled  witliout  undergoing  any  alteration.     Acids,  alkalies,  and 
chlorine  do  not  at  all  act  upon  paraffin  at  the  ordinary  temperature;  but  when 
chlorine  is  caused  to  pass  into  molten  paraffin,  hydrochloric  acid  is  evolved  and 
chlorinated  products  formed.     Paraffin  may  be  fused  with  stearine,  palmitine, 
and  resins  in  all  proportions.    Paraffin  is  used  for  making  candles  (see  p.  630),  but 
has  been  employed  now  and  then  as  a  lubricating  material;  also  for  preserving 
timber ;  for  rendering  wine  and  beer  casks  water-tight ;  for  the  purpose  of  preventing 
the  foaming  and  boiling  over  of  the  sugar  solutions  in  the  vacuum  pans  at  the 
heginning  of  the  ebullition.    It  Visa  \>e^ii  «.M^^ested  to  use  paraffin  for  preserving 
meat;  for  waterproofing  {fibrics  (Di.  ^\«n\kou^^^  ^toksk^^^n  lost  ^^^Ya&tead  of  wax 
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for  waxing  paper  (employed  in  phannacy  under  the  name  of  ekarta  ceirata) ;  instead 
of  stearic  acid  for  soaking  plaster-of-Paris  objects.  Finally,  paraffin  is  used  in  the 
manufacture  of  the  better  varieties  of  matches,  as  a  waterproof  varnish  for  coating 
the  phosphorus  composition ;  and  in  chemical  laboratories  to  replace  oil  in  the  oil- 
baths. 

PanAa  00.      As  already  mentioned,  the  dry  distillation  of  Boghead  mineral,  brown- 
coal,  peat,  and  bituminous  shales,  yields  tar,  the  quantity  of  which  varies  according 
to  tlie  nature  of  the  raw  material  and  other  conditions,  mode  of  distillation,  degree 
of  heat,  &c.    As  regards  the  nature  of  tar  we  cannot  say  that  it  is  fully  elucidated. 
Until  the  year  1830,  tar  was  considered  to  be  simply  a  solution  of  emp3rreumatic 
resins,  rich  in  carbon,  in  empjnreumatic  oil  or  oils,  the  nature  of  these  substances 
being  left  undecided.    The  late  Baron  von  Reichenbacli  was  the  first  who  seriously 
investigated  the  nature  of  tar,  and  the  result  was  the  discovery  of  paraffin  and 
of  eupion,  a  very  volatile  liquid,  highly  inflammable,  and  found  to  boil  at  47**  to  169°, 
consequently  a  mixture  of  various  substances.    Notwithstanding  the  high  merits  of 
Reichenbach's  researches,  the  constitution  of  tar  was  not  fully  elucidated.     In 
an  industrial  point  of  view  tar  has  many  important  applications,  especially  for  the 
preparation  of  Illuminating  materials ;  for  by  a  rectifying  and  fractioned  distillation, 
tar  yields  paraffin  and  paraffin  oils,  when  the  heavy  oils  and  acids  have  been 
previously  separated.    Paraffin  oils — ^met  with  in  the  trade  under  various  names, 
such  as  solar  oil,  photogen  oil,  ligroine  oil,  Ac. — are  very  similar  to  petroleum  oils, 
and  consist  like  them  of  carbon  and  hydrogen,  and  are,  when  thoroughly  rectified, 
almost  colourless  and  free  from  smelL 

The  mineral  oils  now  met  with  in  commerce  are  distinguished  as: — Photogen, 
prepared  in  Saxony,  and  consisting  of  a  mixture  of  oils  boiling  between  100''  and 
300**.     It  is  a  colourless,  very  mobile  fluid,  exhibiting  a  characteristic  ethereal  smell, 
and  a  sp.  gr.  of  0800  to  o'Sio ;  but  the  sp.  gr.  of  its  constituent  oils  varies  from  076  to 
0*86.    Formerly  there  were  met  with  in  the  trade  light  photogens  of  a  sp.  gr.  of  078, 
consisting  chiefly  of  a  so-called  essence,  of  072  sp.  gr.  and  boiling  below  60*' ;  but  thia 
oil  was  found  to  be  too  inflammable,  and  is  now  used  as  benzoline  (also  known  as 
naplitha,  ligroine,  Canada  oil,  &c.)  in  the  sponge-lamps,  and  for  other  purposes. 
Solar  oil,  or  German  petroleum,  is  a  colourless  or  faintly  yellow-coloured  fluid  of 
about  the  same  consistency  as  colza  oil,  and  of  a  sp.  gr.  of  0830  to  0*832.    The 
boiling-point  lies  between  255**  and  350^;  cooled  to  —10°  it  should  not  deposit 
paraffin,  wliile  its  vapour  is  not  inflammable  below  100^.     Pyrogen  is  a  kind  of 
paraffin  oil  invented  by  Breitenlohner  and  prepared  from  residues  of  crude  oils  which 
contain  carbolic  acid,  paraffin,  and  other  substances,  and  exhibit  a  sp.  gr.  of  0*895 
to  0945 ;  these  materials,  which  accumulate  in  tar- works,  are  converted  into  pyrogen 
by  a  process  presently  to  be  described,  yielding  a  light  straw-yellow  oil  of  0*825  ^ 
0*845  sp.  gr.    Engine-oil,  or  lubricating  oil,  also  known  as  Vulcan  oil,  is  a  thickly 
fluid  oil  imported  in  large  quantities  from  the  United  States,  and  which  deposits, 
when  submitted  to  cold,  a  large  quantity  of  crystals  of  paraffin.    This  oil  is  obtained 
largely  in  the  paraffin  oil  and  petroleum-refining  works.    According  to  A.  Ott's 
account,  the  American  lubricating  oil  is  not  obtained  by  distillation,  but  simply  by 
defecating  a  specifically  heavy  native  petroleum  with  charcoal  so  as  to  eliminate 
the  colour.    This  lubricating  oil  is  sometimes  mixed  with  a  certain  percentage  of 
vegetable  or  animal  fats.    The  oil  is  largely  used  for  lubricating  cotton-spinnin;^ 
machinery,  but  notwithstanding  its  extensive  employment,  tiift'^t^x)A>aL<^T:^^3Kx^^ 
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the  consumption ;  it  should  be  as  much  as  possible  re-converted  into  paraffin  oil  and 
pyrogen.  In  America  and  on  the  Continent  a  large  quantity  is  employed  for 
making  gas. 

pKpttnUon  of  Mineni  00.  Tlic  manufacture  of  these  oils  is  a  collateral  industry  with  the 
manufacture  of  paraffin.  The  products  of  tlie  distillation  of  tar  are  first  treated  with 
a  solution  of  caustic  soda.  Tliis  operation  aims  at  the  removal  of  carbolic  and  acetic 
(P3rroligneons)  acid  compounds,  which  impart  to  the  oil  a  disagreeable  odour  and 
dark  colour.  The  quantity  of  soda  to  be  used  may  vary  from  5  to  6  or  even  20  per 
cent,  and  the  operation  requires,  in  some  instances,  the  aid  of  heat  for  about  two 
hours,  while  in  others,  again,  the  end  is  attained  in  two  minutes  and  at  the  ordinary 
temperature  of  the  atmosphere.  The  mixture  of  soda  ley  and  other  substances  is  then 
xon  into  a  large  tank  for  the  purpose  of  depositing  the  soda  ley  and  combined  com- 
pounds, which,  when  settled,  are  run  off,  and  the  oil  washed  with  water  until  it  has 
become  free  from  alkali.  The  oil  is  next  treated  with  sulphuric  acid  of  17  sp.  gr., 
the  quantity  of  which  may  vary  from  5  to  25  per  cent,  while  the  duration  of  the 
operation  may  vary  from  one  minute  to  three  hours.  The  treatment  with  sulphuric 
acid  greatly  influences  the  quality  of  the  oil,  because  it  might  happen  that,  by  this 
treatment,  oils  originally  free  from  sulphur  would  become  impregnated  therewith, 
in  consequence  of  the  fact  that  the  more  volatile  portions  of  these  oils  are  essentially 
mixtures  of  aldehydes  and  ketones,  bodies  which  readily  combine  with  sulphuFous 
acid.  The  mixture  of  oil  and  sulphuric  acid  is  run  into  a  tank  for  the  purpose  of 
depositing  the  specifically  heavier  portions  of  the  liquid ;  the  supernatant  lighter 
oil  is  afterwards  tapped  off,  and  washed  with  plenty  of  water,  then  with  weak  caustic 
soda  ley,  being  finally  rectified  by  distillation.  According  to  H.  Vohl,  paraffin  oils  are 
sometimes  bleached  with  hydrofluoric  acid,  whereby  fluorine  compounds  are  stated 
to  be  formed,  which,  on  burning  the  oil,  give  off  noxious  vapours.  The  alkaline  and 
acid  liquors  used  in  the  operation  are  utilised  in  the  following  manner : — The  crude 
alkaline  carbolic  acid  liquor  is  saturated  with  sulphuric  acid,  and  crude  carbolic 
acid  obtained.  The  latter  is  used  for  various  purposes,  among  which  are  the 
creosoting  of  timber,  for  disinfecting,  &c. ;  or  it  is  used  for  preparing  pyrogen  by 
causing  the  vapours  to  pass  through  a  red-hot  tube,  the  condensing  product  being, 
after  treatment  with  soda  ley  and  sulphuric  acid,  as  well  fitted  for  burning  in  lamps 
as  paraffin  oil.  Perutz  submits  the  alkaline  liquid  containing  carbolate  of  soda  to 
distillation  in  an  iron  stiU,  pushing  the  operation  on  to  dryness,  and  obtaining  a 
mixture  of  carbolic  acid  with  light  fluid  hydrocarbons.  If  it  is  desired  to  prepare  pure 
carbolic  acid,  the  liquid  which  comes  over  between  140''  and  240**  is  separately 
collected  and  treated  in  the  ordinary  manner.  The  residue  left  in  the  still,  a  mixture 
of  alkalies  and  coke,  is  calcined,  the  ash  lixiviated,  and  the  restdting  liquor 
eausticised  with  lime.  The  sulphuric  acid  is  employed  for  preparing  sulphate  of 
iron.  The  rectification  of  the  oils  is  performed  in  the  ordinary  manner.  100  parts 
of  peat  tar  yield  of  rectified  products : — Solar  oil  of  0*865  sp.  gr.,  26*4  ;  photogmi, 
0*830  sp.  gr.,  207 ;  paraffin,  23*3  ;  crude  carbolic  acid  (peat- tar  creosote),  ii'O 
parts.  loo  parts  of  Saxony  brown-coal  tar  yield  on  an  average : — Paraffin,  10  to  15; 
photogen,  16  to  27 ;  solar  oil,  34  to  38 ;  creosote,  5  to  10 ;  coke,  15  parts.  The 
commercial  value  of  these  articles  fluctuates  and  depends  on  the  demand  and  supply. 
JTiere  were  prepared  in  1870  in  Prussia  from  5}  millions  of  cwts.  of  brown-ooal  in 
Bixty'Beyen  different  works,  100,000  cwta.  of  paraffin  and  250,000  cwts.  of  mineral  or 
pm&B  oil. 
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Petroleum. 

%'olSSrr^J^*  Since  the  year  1859  native  petroleum  has  become  a  most  important 
illuminating  material.  Petroleum  was  known  to  the  ancients  and  was  used  by  them 
for  various  purposes.  Greece  obtained  it  from  the  Island  of  Zante ;  and  the 
petroleum  from  Agrigentum  was  burnt  in  lamps  under  the  name  of  Sicilian  oil. 
The  inspissated  oil  which  was  used  under  the  name  of  mineral-pitch,  or  asphalte, 
as  a  cement  in  building  Babylon,  was  obtained  from  the  neighbourhood  of 
the  Hiver  Euphrates.  Mineral  pitch  was  used  by  the  ancients  for  embalming 
their  dead,  while  it  would  appear  that  some  black-coloured  earthenware  was 
prepared  with  asphalte  gently  burnt  in.  In  some  parts  of  Central  Asia  large 
quantities  of  inspissated  petroleum  occur,  and  the  Dead  Sea  is  especiaUy  a  locality 
where  this  substance  is  met  with ;  hence  the  name  of  laew  asplialtites.  In  the  Island  of 
Trinidad  a  large  lake  (Pitch  Lake)  occurs,  filled  with  mineral  pitch,  which  according 
to  the  prevailing  temperature  is  more  or  less  soft.  Petroleum  is  found  in  a  great 
many  localities  in  different  parts  of  the  world — Amiano,  near  Parma,  where  this  oil 
has  been  used  for  burning  in  street  lamps;  Tegemsee,  Bavaria,  the  oil-spring 
having  been  known  since  1430,  but  yielding  only  42  litres  annually ;  Neufch&tel, 
Switzerland ;  Sehnde,  near  Hanover ;  Kleinschoppenstedt,  Brunswick ;  Bechelbronn, 
Alsace ;  Coalbrookdale,  England ;  in  the  Pyrenees,  and  other  portions  of  Spain  and 
France ;  also  in  Galicia.  In  far  larger  quantity  petroleum  occurs  on  the  Caspian 
seaboard  at  Apscheron,  and  especially  on  the  Island  of  Tschellekan  (sgi**  N.  lat.), 
where  more  than  3400  sources  are  found,  which  yield  annually  54,000  cwts.  of 
petroleum.  At  Kangoon,  in  Burmah,  petroleum  occurs  in  such  large  quantity  that 
annually  400,000  casks,  weighing  6  cwts.  each,  are  exported  thence.  But  in  no 
country  is  petroleum  found  in  such  inexhaustible  quantity  as  in  the  United  States, 
in  a  tract  parallel  to  the  Alleghany  mountains,  and  extending  from  Lake  Ontario 
into  the  Valley  of  the  Kanawha,  in  Virginia.  The  oil  region  includes  the  western 
counties  of  the  State  of  New  York  and  Pennsylvania,  and  part  of  Ohio.  The  most 
important  petroleum- wells  are  at  Mecca  (Trumhall  Co.,  Ohio), and  at  Titusville,  Oil 
City,  Pi  thole  City,  Rouseville,  McClintockville  (Venungo  Co.,  Pennsylvania,  the 
country  of  the  Seneca  Indians).  This  territory  is  termed  Oil  Creek.  The  wells  are 
bored  to  a  depth  of  22  to  23  feet :  some  wells  are  flowing^  wells,  the  oil  being  yielded 
spontaneously;  other  wells  are  pumped.  In  Canada  petroleum  is  met  with  in 
different  localities ;  as,  for  instance,  at  Gaspe,  near  the  St.  Lawrence,  and  in  Lambton 
Co. ;  also  on  the  western  portion  of  the  peninsula  formed  by  the  lakes  Huron,  Erie, 
and  Ontario,  in  the  Enniskillen  district.  California  yields  enormous  quantities  of 
petroleum,  which  occurs  also  in  many  parts  of  South  America,  and  in  the  islands  of 
Java,  Borneo,  and  Timor. 

^^^  Str?i^.**°"  ^  regards  the  origin  and  formation  of  petroleum,  several  hypo- 
theses have  been  brought  forward.  According  to  some  the  formation  of  petroleum  is . 
intimately  connected  with  the  occurrence  of  hydrocarbons  met  with — according  to 
the  observations  of  Dumas,  H.  Rose,  and  Bunsen — ^in  compressed  condition  in  many 
rock-salt  deposits,  from  which  they  are  set  free  either  in  the  state  of  gas  or  as 
naphtha,  when  the  salt  comes  into  contact  with  water  or  is  broken  up.  The  crack- 
ling salt  of  the  Wieliczka  mine  gives  off  marsh-gas ;  but  by  condensation  CH4  might 
yield  homologous  hydrocarbons,  C6H14  and  CyRie,  which  form  the  bulk  of  the  vola- 
tile portions  of  petroleum  and  paraffin,  the  composition  of  thft  \a&i\jst  'H%xv2u^^^t)R^sii%K&. 
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C^H^t  s^cl  C27H56.  The  association  of  petroleum,  rock-salt,  and  combustible  gases 
is  met  with  in  a  great  many  localities ;  as,  for  instance,  in  the  Bavarian  Alps,  in  Tns- 
oany,  Modena,  Parma,  the  Carpathian  mountains,  on  tlie  Caspian  Sea,  in  India,  and 
also  in  America.  According  to  another  view,  petrolenm  is  the  product  of  the 
slow  decomj^sition  of  vegetable  and  animal  matter,  and  results  from  a  re-arrangement 
of  their  elements.  The  American  geologists  suppose  petroleum  to  be  due  to  the  dry 
subterraneous  distillation  of  accumulations  of  sea-plants  and  marine  animals,  and 
that  the  petroleum  is  forced  upwards  by  water,  always  present  in  the  bored  welia. 
Of  course  the  hypothesis  involves  the  action  of  subterraneous  heat  at  great  depth, 
which,  according  to  existing  observations  on  the  increase  of  temperature  in  deep  coal 
mines,  reaches  the  boiling  temperature  of  water  at  8000  feet.  According  to 
Berthelot's  view  (1866),  there  should  be  formed  subterraneously,  from  carbonic  acid 
and  alkali  metals,  acetylides,  which  again  should  yield  with  aqueous  vapour  acetylen, 
C2H3,  which  in  its  turn  should  be  converted  into  petroleum  and  tar  products. 

**p!£&ro£r****  Almost  all  the  native  petroleums  require  to  be  refined  before  they 
can  be  used  as  illuminating  material,  the  mode  of  refining  differing  according  to  the 
nature  and  consistency  of  the  oil.  The  oils  met  with  at  Apscheron,  in  Russia,  and 
in  the  neighbourhood  of  Baku,  are  nearly  all  colourless,  and  can  be  directly  used  for 
burning  in  lamps  after  having  been  simply  rectified  by  distillation.  The  Rangoon 
oil  contains  so  large  a  quantity  of  paraffin  that  it  has  at  the  ordinary  temperature 
the  consistency  of  butter,  and  is  therefore  employed  for  extracting  paraffin.  The 
native  petroleums  of  many  of  the  East  Indian  islands  contain  sulphur  compounds, 
and  cannot  therefore  be  burnt  in  lamps  until  they  have  been  treated  with  caustic 
soda  and  sulphuric  acid,  and  rectified  by  distillation.  The  specific  gravity  of  the 
native  petroleums  met  with  in  Canada  and  the  United  States  varies  very  much; 
that  from  Venungo  Co.,  Pennsylvania,  has  a  sp.  gr.  of  o'S,  while  oils  in  other 
localities  have  a  sp.  gr.  of  0*85  to  0*9.  Galicia  produces  large  quantities  of  native 
petroleum,  which  is  refined  in  some  twenty-two  works,  situated  near  Boryslav  and 
Drohobicz  ;  while  a  large  quantity  of  paraffin  oil  is  obtained  as  a  by-product  of  tlie 
distillation  of  paraffin  from  ozokerite.  The  lighter  petroleums  yield  about  90  per 
cent  of  photogen  and  solar  oil,  but  the  heavier  kinds  yield  only  40  to  50  per  cent,  the 
remainder  being  tar.  The  methods  of  refining  native  petroleums  consist  in  treat- 
ment with  caustic  soda,  sulphuric  acid,  and  finally  fractioned  distillation. 

ooniutoUon  of  Petroleum.  As  fiuT  as  rcscarches  havc  been  instituted,  all  the  native 
petroleums,  irrespective  of  consistency  and  specific  gravity,  are  mixtures  of  the 
higher  series  of  the  homologous  compounds,  of  which  marsh-gas,  CH4,  is  the  first 
term.*  Amyl  hydrogen,  hydride  of  amyl,  CjHxa*  boiling  at  68*,  and  hydride  of 
caproyl,  CgHj^,  boiling  at  92°,  constitute  the  more  volatile  portion  of  crude  American 
petroleum ;  these  bum  like  marsh-gas  with  a  faintly  luminous  flame.  The  con- 
stituents of  the  oil  used  in  lamps  are  represented  by  the  hydrocarbons  C7HX6  and 
CxaHjifi.  The  higher  series  cf  the  marsh-gas  group  exhibit  a  butter-like  consistency, 
and  are  composed  according  to  the  formul®  C^Jcl^  and  Ca^H^Ct  and  belong  to  the 
paraffins  met  with  in  petroleums. 

*  Bonaldfl  proved  in  1865  that  the  gases  evolved  from  crude  American  petroleum  are 
essentially  hydride  of  ethyl  (GaHfi),  and  hydride  of  propyl  (G3H8),  which  are  the 
second  and  third  terms  of  the  above  series.  The  researches  of  Fouqu^  (1869)  agree  with 
tboae  of  Bonalds,  for  he  found  that  the  gases  evolved  from  petroleum  are  partly  a 

miziuxe  of  the  hydrides  ol   propyl  and  butyl,  and  partly  a  mixture  of  marsh-gas 

and  hydride  of  ethyL  . 
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TcdmbioKy  of  F^troieiim.  According  to  an  Act  of  Congress  crude  petroleum  may  not  be 
exported,  owing  to  its  high  degree  of  inflammability,  and  a  sample  of  every  cask  of 
petroleum  is  to  be  tested.  The  oil  ought  not  to  give  off  inflammable  vapours 
(hydride  of  butyl)  below  38**  C.  =  100**  F.  In  the  United  Kingdom,  as  elsewhere, 
legislative  measures  have  been  taken  in  order  to  insure  safety  in  the  petroleum 
trade.  Consequently  crude  petroleum  is  chiefly  refined  by  submitting  it  to  fractional 
distillation  in  order  to  separate  from  it  the  naphtha  of  0715  sp.  gr.  (the  benzoline  of 
the  shops),  which  begins  to  boil  at  60**.  Wiederhold  found  that  the  naphtha  yields 
by  fractional  distillation : — 

486  per  cent  of  070  sp.  gr.  boiling  at      100"    (a) 

457  »  073        ».  »  200''    ib) 

57  „  o*8o       „  „  above  200°    (e) 

{c)  is  reflned  petroleum ;  (a)  is  too  volatile  for  burning  in  lamps ;  {b)  may  be  used  in 
properly  constructed  or  sponge  lamps.  H.  Vohl  calls  petroleum  naphtha,  canadol 
or  Canada  oil,  and  applies  it  to  the  carburetting  of  illumuiating  gas ;  and  also  as  a 
solvent  for  caoutchouc,  colophonium,  mastic,  dam'mar.  copal,  amber,  shellac,  oils 
and  fats,  and  for  preserving  anatomical  preparations.  The  most  volatile  and  lightest 
portion  of  the  naphtlia  (sp.  gr.  065,  boiling-point  between  40°  and  50**),  known 
as  Sherwood  oil,  keroselen,  petroleum  ether,  and  rhigolcn,  is  used  as  an  anaesthetic, 
and  applied  externally  in  neuralgia.  The  less  fluid  petroleum  oils  are  used  as 
lubricating  oils  under  a  variety  of  names — Globe  oil,  Vulcan  oil.  Phoenix  oil,  &c. 
Crude  petroleum  is  used  as  fuel  in  the  Russian  nav}*,  in  steamers  on  Caspian  Sea, 
and  by  the  United  States  navy  in  some  cases ;  it  has  been  tried  with  success  in 
France  as  fuel  for  locomotive  engines.  Beflned  petroleum,  the  paraffin  oil  of 
the  London  shops,  is  an  opalescent  fluid,  somewhat  yellow,  boiling  at  150°,  not 
miscible  with  water,  alcohol,  and  wood-spirit ;  but  readily  miscible  with  ether,  oil  of 
turpentine,  and  sulphide  of  carbon.  Petroleum  dissolves,  especially  when  hot, 
asphalte,  elemi,  Venice  turpentine,  and  caoutchouc.  As  is  well  known,  petroleum  is 
largely  used  for  burning  in  lamps.  The  fluid  known  as  kerosine,  also  used  for 
burning  in  lamps,  has  a  sp.  gr.  of  078  to  0825.  Pitt  oU  seems  to  be  identical,  and 
both  are  prepared  from  American  petroleum  by  distillation.  As  a  great  confusion 
exists  in  the  names  of  the  various  distillation  products  of  petroleum,  we  quote  the 
following  particulars  communicated  by  Kleinschmidt,  of  St.  Louis : — 

Oils  distilling  over  below       377"  sp.  gr.        o-do**     =  90**— 97*  B.  =  Khigolin. 

at  766**      „  0-63— o*6i  =  80^—90°  B.  =  Gasolin. 

1370**      „  o 67— 063  =  70°— 80°  B.  =  Naphtha. 

1480**      „  073 — 067  =  60** — 70*"  B.  =  Benzine. 

i83**— 219''  „  078 — 0*82  =  40** — 60**  B.  =  Kerosen. 

At  higher  temperatures  paraffin  and  illaminating  gas  oome  over.  In  order  to  give 
some  idea  of  the  enormous  consumption  of  petroleum,  it  may  be  mentioned  that  the 
imports  in  the  German  Customs  Union,*  amounted  in  1866  to  918,954  cwts.,  and  in 
the  first  half-year  of  1870  to  1,260,630  cwts. 


«> 

»i  »» 

I*  «» 


*  Embraces  all  the  States  of  Germany,  including  the  Grand  Duchy  of  Luxembourg, 
but  no  Austrian  territory. 
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FUEL  AND    HEATING   APPARATUS. 


A.  Fuel. 

VDfli.  We  understand  by  fael  snch  combustible  materials  as  may  be  burnt  with  the 
▼iew  of  obtaining  heat.  Wood,  peat,  brown-coal,  coal,  anthracite,  wood-charooal, 
peat-charcoal,  coke,  petroleum,  combustible  gases,  such  as  carbonic  oxide  and 
hydrocarbons,  are  fuel.  Excepting  the  gases,  all  kinds  of  fuel  are  closely  related  to 
each  other  as  far  as  regards  their  origin,  because  fuel  consists  of  cellulose  or  haa 
been  formed  from  it.  Native  fael,  coal,  wood,  peat,  anthracite,  consists  of  caiinm, 
hydrogen,  and  oxygen,  with  larger  or  smaller  quantity  of  ash  (silica,  alumina^ 
oxide  of  iron,  alkalies,  and  alkaline  earths),  and  as  regards  coals,  also  nitrogen, 
sulphur,  and  phosphorus.  Only  hydrogen  and  carbon  are  combustible  substances, 
and  these,  therefore,  determine  the  value  of  fuel  by  complete  combustion,  leaving 
only  ash,  water,  and  carbonic  acid.  In  wood-ash,  carbonate  of  lime,  in  the  ash 
of  mineral  fuel,  alumina,  chiefly  prevail.    The  effect  of  fuel  depends  upon : — 

a.  Combustibility. 

b.  Inflammability. 

c.  Calorific  effect. 

ooBiraitibmty.  By  combustibility  is  understood  the  greater  or  less  readiness  with 
which  fuel  is  kindled  and  continues  to  bum  after  having  been  kindled.  This 
property  depends  upon  the  composition  of  the  fuel.  A  porous  fuel  kindles  more 
readily  than  a  denser  and  more  compact  fuel.  With  regard  to  the  relation 
between  combustibility  and  composition,  it  has  been  found  that  the  more  hydrogen  a 
fuel  contains,  the  more  readily  it  bums. 

inflammAboity.  By  the  inflammability  of  fuel  we  understand  its  property  of 
bursting  into  flame  when  kindled;  and  as  flame  is  due  only  to  burning  gasee, 
it  is  evident  that  the  fuel  containing  most  hydrogen  is  that  which  bums  with 
the  most  intense  flame.  In  the  case  of  coke,  charcoal,  and  similar  fuel,  there  can  be 
no  flame  other  than  that  due  to  the  formation  of  carbonic  oxide  owing  to  incomplete 
combustion. 

OidotiflcEfEMt.  The  heat  evolved  by  the  complete  combustion  of  fiiel  may  be 
measured  in  two  different  ways  * — 

1.  As  regards  the  quantity  of  heat  evolved. 

2.  Ab  regards  the  degree  oi  Uim'^T^itax^  ox  intAnsitY  of  the  heat. 
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Wlien  the  heat  evolved  is  measured  according  to  its  quantity,  we  ohtain  the  00m- 
bostive  power,  the  specific  or  absolute  calorific  efiect,  of  the  fuel. 

When  the  degree  of  heat  is  measured,  the  heating  power  or  p3rrometrical  effect 

of   the  fuel  is  ascertained.     These   two    measurements  together  determine  the 

technical  value  of  a  combustible  material.    "When  the  absolute  calorific  effect  of  a 

fuel  is  referred  to  its  cost,  we  determine  its  combustible  value  in  the  locality  where  it 

is  to  be  consumed. 

c£mS^^°owtf.     As  we  do  not  possess  a  particular  measure  for  heat,  we  have, 

when  desirous  of  determining  the  quantity  of  heat  yielded  by  a  fuel,  to  institute 

trials  for  the  purpose  of  ascertaming  the  relative  quantity  of  heat  evolved  by  various 

kinds  of  fuel,  in  order  that  by  comparison  we  may  find  how  much  more  heat  is 

evolved  by  one  kind  of  f^el  than  by  another.     If  the  results  thus  obtained  are 

referred  to  a  given  bulk  of  the  fuel  experimented  with,  we  obtain  its  specific  calorifio 

effect ;  but  if  it  be  referred  to  a  given  weight,  we  obtain  the  absolute  heating  effect. 

The  following  table  exhibits  the  heat  of  combustion  of  several  substances : — 

Hydrogen yields  34,462  units  of  heat. 

Carbon  (when  completely  burned  and  yielding  oar^ 

bonio  add)      „  8080 

Carbon  (when  yielding  carbonic  oxide)        „  2474 

Carbonic  oxide „  2403 

Marsh-gaa „  13,063 

Elayl-gas /.  „  ",857 

Crude  petrolenm       „  ii»773 

Ether „  9027 

Alcohol       „  7183 

Wood-spirit        „  5307 

Oil  of  turpentine      „  10,852 

Wax ,  10,496 

Wood „  3600 

Wood-charcoal „  7640 

Peat „  3000 

Compressed  peat       „  4300 

Coal  (anthracite)       „  6000 

Fat      ..  „  9000 

The  absolute  heating  effect  is  determined  according  to  the  methods  of  Karmarsch 
and  of  Berthier,  or  by  elementary  analysis. 

^^'^^iiholdL'''*'''****  According  to  this  method,  appUed  by  Dr.  Playfair  to  English 
coals,  by  Brix  to  Prussian,  by  Hartig  and  Stein  to  Saxony  coals,  the  quantity 
of  water  is  determined  which  i  lb.  of  the  fuel  will  evaporate.  According  to 
Hegnault's  formula,  652  units  of  heat  are  required  to  convert  i  kilo,  of  water  at  o^ 
into  steam  at  150°.    Consequently — 

I  kilo,  of  carbon  can  evaporate  f  .^^^  j   =12*4  kilos,  of  water. 

I  kilo,  of  hydrogen        „  ( ^1       )  ~  52*9  .» 

Experiments  instituted  by  Dr.  R.  Wagner  and  others  gave  the  following  results:— 

Xwu  oeecn  wooci     ••.     ...    ...     •••     •••     ...    •••     •••    ... 

Zwickau  caking  coal  (60  per  cent  ash) 

Bohemian  coal  from  Nurschau  (190  „        ) 

Forge  or  smith's  coals  from  Saarbruck  (21*5  „        ) 

Ruhr  coals  (55  „        ) 

Cannelcoal  ^*o  ,,        ^ 


378  kilos. 

of  steam. 

645 

«> 

558 

» 

606 

»» 

6*90 

^^ 

Tl\ 
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**'"^l£Sd"***^"  According  to  the  law  of  Welter  (which,  however,  is  not  oomfiimed 
hy  experience,  since  recent  researches  have  proved  that,  especially  a«  regBids 
hydrogen,  great  deviations  from  the  law  exist),  the  quantities  of  heat  evolved  from 
different  kinds  of  fuel  are  relatively  proportioned  as  the  q^^umtity  of  oxygen  required 
for  their  combustion.  Assuming  this  to  be  correct,  it  is  easy  to  aacertain  the 
absolute  calorific  effect  of  fuel  if  its  composition  is  known,  it  being  only  required  to 
calculate  the  amount  of  oxygen  which  will  effect  the  complete  combustion  of  the 
constituents  of  the  fuel,  careful  account  being  taken  of  the  oxygen  it  contains. 
Practical  experience  has  proved  that  Berthier's  method  yields  results  which,  owing 
to  a  constant  error,  are  about  one-ninth  below  the  truth.  The  fuel  to  be  tested 
by  this  method  is  finely  pulverised,  and  i  grm.  is  mixed  with  a  quantity  of  litharge 
slightly  more  than  required  for  the  complete  reduction  to  metallic  lead,  the  minimum 
quantity  being  20,  and  the  maximum  40  grms.  This  mixture  is  put  into  a  fire-clay 
crucible,  and  covered  with  a  layer  of  20  to  40  grms.  of  litharge.  The  crucible  ia 
covered  with  another  crucible  and  placed  in  a  charcoal  fire,  where  it  is  gradually 
heated.  When  the  contents  of  tlie  crucible  are  fused  the  fijre  is  increased  for  a  few 
minutes,  and  the  crucible  then  cooled  and  broken  up  in  order  to  obtain  the 
lead  button,  which  is  usually  clean.  This  experiment  has  to  be  repeated  with 
the  same  kind  of  fuel  two  to  three  times,  and  the  results  should  not  differ  firom  each 
other  more  than  o'l  to  0*2  grm.  G.  Forchliammer  employs  instead  of  litharge  a  mix- 
ture of  3  parts  of  that  oxide  with  i  part  of  chloride  of  lead  (consequently  an  oxy- 
chloride  of  lead),  which  mixture  previous  to  use  is  fused  in. a  crucible,  and 
after  cooling,  pulverised.  Pure  wood-charcoal  yields,  when  ignited  with  litharge  or 
with  oxychloride  of  lead,  34  times  its  weight,  and  hydrogen  103*7  times  its  weight  of 
metallic  lead ;  the  hydrogen,  therefore,  rather  more  than  three  times  as  much  as  the 
charcoal  (carbon).  By  means  of  these  data  it  is  possible  to  estimate  the  absolute 
calorific  effect  of  any  kind  of  fuel.  As  i  part  of  carbon  can  by  its  combustion  raise 
the  temperature  of  8080  parts  of  water  i",  and  as  pure  carbon  yields,  according 
to  Berthier,  34  parts  of  lead,  every  part  of  lead  reduced  by  the  fuel  under  examina- 
tion is  equivalent  to  f  —2-?-  J  =  237*6  units  of  heat.    The  application  of  Berthier's 

method  is  suited  only  to  fuel  which  contains  but  a  small  quantity  of  hydrogen, 
owing,  as  already  observed,  to  the  incorrectness  of  the  law  of  Welter;  and  the 
method  is  not  applicable  to  fuel  which  becomes  decomposed  below  red  heat,  as  in  this 
case  a  portion  of  the  gaseous  matter  evolved  does  not  react  upon  the  lead. 

Example :—  i  grm.  of  compressed  peat  yields  1776  grms.  of  lead,  equal  to  4124*5  units 
of  heat  (since  237*6  x  17*76  —  4124*5) ;  in  other  words,  i  kilo,  of  compressed  peat  yields 

6*3  kilos,  of  steam  at  150**  (since  l^^^l^  s=  6'3). 

Eiementvy  Analysis.  Although  it  has  been  provcd  that,  as  regards  isomeric  organic 
bodies,  the  quantity  of  heat  evolved  by  their  combustion  is  not  precisely  proportional 
to  the  quantity  of  oxygen*  required  for  that  combustion ;  and  whereas  the  same 
quantity  of  oxygen  may  3rield,  under  different  conditions,  different  quantities  of  heat, 
it  may  still  for  all  practical  purposes  be  assumed,  that  as  regards  fuel  of  the  same  or 
similar  composition,  the  results  of  elementary  analysis  give  the  means  of  ascer- 

*  The  composition  of  butyric  acid  and  of  acetic  ether  is  the  same,  and  is  expressed  by 
the  formula  O^HgO^;  yet  the  former  yields  on  combustion  5647  units  of  heat,  and 
ibe  latter  62g2. 
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taining  the  calorific  value  of  sncli  fuel,  provided  the  quantity  of  ash  it  contains 
be  first  determined. 

Example :— i  grm.  of  compressed  peat  yielded  on  analysis  0*4698  grm.  of  carbon,  and 
0*0143  grm.  hydrogen,  equivalent  to  4288*7  nnits  of  heat ;  because — 

Carbon,      0*4698.       8080  ~  3795*9 
Hydrogen,  0*0143.     34*462  ^   492*8 

4288*7 
The  compressed  peat  contained — 

15*50  per  cent  of  hygroscopic  water,  and         |       ,0.^0  „^ *      * 

31*78         „  chemically  combined  water  }  =  ^^  ^^  P«'  ««^*  ^»*«'- 

Requiring  for  evaporation  255*3  heat-nnits ;  hence  4288*7—255*3  ^  4033*4  units  of  heat. 
The  evaporating  power  of  the  compressed  peat  is  therefore — 

4033*4 

as  6*19  kilos. 
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Btromcyer'sTwt.  According  to  this  method  (1861)  the  fuel  is  ignited  with  oxide  of  copper, 
the  residue  treated  with  hydrochloric  acid  and  chloride  of  iron,  whereby  the  latter  is 
partly  reduced  to  protochloride,  which  is  estimated  by  permanganate  of  potash.  This 
method  yields  very  correct  results,  but  is  rather  tedious. 

spedfle  caioriAe  Effect.  By  spccific  calorific  efifcct  we  Understand  the  relative  quantities 
of  heat  evolved  by  equal  bulks  of  different  kinds  of  fuel.  The  specific  calorific  effect 
is  obtained  by  multiplyiug  the  absolute  calorific  effect  by  the  specific  gravity  of  the 
fiiel  under  trial. 

pyrometxieaicAiortfloEfleet.  The  pyromctrical  caloHfic  effect  of  a  fuel  is  that  indicated  by 
the  temperature  resulting  from  its  complete  combustion.  As  there  does  not  exist  any 
pyrometer  the  indications  of  which  are  sufficiently  reliable  to  be  converted  into 
thermometrical  degrees,  we  have  to  content  ourselves  for  the  present  with  an 
approximative  knowledge  of  the  pyrometrical  calorific  effect  as  deduced  from  calcula- 
tion. The  pyrometrical  effect  of  a  fuel  is  equal  to  the  heat-units  of  absolute  heating 
effect  divided  by  the  sum  of  the  relative  quantities  by  weight  of  its  products  of  com- 
bustion, each  of  these  quantities  by  weight  being  multiplied  by  the  corresponding 
specific  heat.  The  flame-yielding  substances  of  the  combustible  matter  of  wood  and 
coals  are,  therefore,  possessed  of  a  lower  pyrometrical  effect  than  the  non-inflam- 
mable carbonised  substances ;  while  in  reference  to  the  absolute  calorific  effect,  the 
reverse  obtains.  This  is  due  to  the  fact  tliat  the  aqueous  vapour  formed  by  the 
combustion  of  hydrogen  takes  up  nearly  four  times  as  much  heat  to  acquire  a 
certain  temperature  as  does  carbonic  acid.  The  difference  of  pyrometrical  effect  of 
fuels  is  far  greater  when  they  are  burnt  in  oxygen  than  when  they  are  burnt  in  air. 
In  order  to  approach  in  practice  as  nearly  as  possible  the  pyrometrical  effect  of 
theory,  it  is  necessary  to  bum  all  the  carbon  completely  to  carbonic  acid,  because 
the  temperature  of  its  combustion  to  carbonic  oxide  amounts  in  air  to  only  1427% 
with  2480  units  of  heat;  while  if  the  carbon  is  burnt  to  carbonic  acid  the  tem- 
perature rises  to  2458°,  with  8080  heat-units.  This  complete  combustion  may  be 
greatly  promoted  by  proper  treatment  of  the  fuel ;  for  instance,  by  keeping  wood- 
charcoal  and  coke  in  drying  houses  for  a  considerable  time ;  by  compressing  peat  to 
increase  its  density;*  by  preparing  dense  coke;  heating  the  fuel  previous  to 
introducing  it  into  the  furnace ;  by  the  use  of  heated  air ;  and,  lastly,  by  effecting 
the  combustion  with  compressed  air. 
The  temperature  of  combustion  is  not  only  the  product  of  the  aAtoiccsns&sQs&^iss^ 
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itself^  but  is  essentially  modified  by  the  action  of  the  active  principles  of  the  air 
daring  the  combustion.    For  complete  combustion  there  are  required : — 

For  1  kHo.  of  carbon,  at      15",    97  cubic  metres  of  air. 
„    I     „     „  hydrogen,  at  I5^  280    „ 

From  these  data  we  deduce  the  following  quantities  of  air  as  required  for  the 
complete  combustion  of  the  subjoined  quantities  of  fuel : — 

kilo,  of  wood  (with  20  per  cent  of  hygroscopic  water)  =  5*2  cubic  metres  of  air. 


If 


ft 


ft 


ft 


«f 


wood-charcoal ... 
pit-coal     

C0JL6  •••     •••     ••• 

brown-coal 
peai  •••     •••     ••• 


••  •••  •••  •••  •••  ••• 


•••  •••  •••  ••• 


••  •••  ••• 


•••  ••• 


••  ••• 


=  90 

ft 

=  90 

•» 

=  90 

»« 

=  7*3 

ffff 

=  73 

t* 

In  practice  on  the  large  scale  these  quantities  of  air  require  to  be  doubled  in  order 
to  obtain  complete  combustion. 

MMhaiuoai^E^Tmient  ^hc  law  of  the  couservation  of  energy  teaches  that  heat  can  be 
converted  into  labour,  and  inversely  labour  into  heat ;  and  that  i  unit  of  heat  cone- 
sponds  to  424  metrical  kilos,  of  labour.  When  heat  does  work  it  is  dispersed  in  the 
proportion  of  424  units  of  work  for  i  unit  of  heat ;  consequently  the  number  424 
expresses  the  mechanical  equivalent  of  heat.  By  a  foot-pound  is  understood  the 
force  required  to  lift  a  weight  of  i  pound  i  foot  high.  When  instead  of  the  jKiund 
the  kilo.,  and  instead  of  the  foot  the  metre  are  taken,  the  term  kilogrammetre  is 
employed,  i  kilogrammetre  =  637  Rhenish  foot-pounds ;  i  English  foot-pound  is 
equal  to  013825  kilogrammetre;  75  kilogrammetres  =  542  English  foot-pounds; 
I  horse-power  (33,000  pounds  lifted  i  foot  high  in  i  minute)  is  equal  to  76*0390 
kilogrammetres ;  i  unit  of  heat  per  English  pound  is  equal  to  |ths  of  a  French  calorilie 
unit  per  kilo.  The  starting-point  of  tlie  mechanical  theory  of  heat  is  the  axiom  first 
put  forward  by  K.  Clausius,  that  *'  in  all  cases  in  which  heat  does  work  a  propor- 
tional quantity  of  heat  is  dispersed  or  consumed,  and  inversely,  by  the  performaaoe 
of  an  equal  amount  of  work,  the  same  quantity  of  heat  can  be  regenerated." 


Wood. 

Wood.  Wood  consists  of  several  structurally  different  parts,  which  may  be  seen  in 
the  transverse  section  of  the  wood,  viz. : — The  axis,  or  pith,  a  rather  spongy, 
regularly  shaped  tissue  of  parenchyma  cells,  which  radiate  towards  the  bark.  This 
is  surrounded  by  the  wood,  consisting  of  an  aggregation  of  bundles  of  vascular 
tissue.  The  wood  is  surrounded  by  the  bark,  and  between  wood  and  bark  Is 
deposited  a  very  thin  layer  of  cells  filled  with  a  turbid  fluid,  from  which  the  further 
growth  of  the  tree  proceeds  by  the  gradual  deposition  of  newly  formed  cells  towards 
both  the  wood  and  bark  side.  The  bark  is  externally  covered  with  a  layer  of 
peculiarly  shaped  cells,  which  with  the  rind  form  the  bark,  covered  by,  in  young 
trees,  epidermis.  The  pith-cells  become  obliterated  in  old  trees,  and  leave  a  hollow 
tube.  The  wood- cells  become  thicker  by  the  deposition  of  cellulose,  and  as  this 
deposition  increases  in  spring  but  decreases  in  summer  and  autumn,  the  effect  is  the 
formation  of  the  so-called  annual  rings,  which  are  separated  from  each  other  by  the 
more  compact  and  harder  layers  deposited  in  autumn.  The  wood-cells  axe  internally 
hoUow,  and  are  separated  from  each  other  by  intercellular  meatus,  which  contain 
UBually  air,  but  sometimes  also  gum,  i^^nn,  ^.  T\L<^\Bx^ti&\.  o^u^acitltY  ^  cellulose  is 


FUEL, 


703 


deposited  in  the  wood  and  vascular  cells,  which  essentially  constitute  the  wood ;  tlie 
wood  is  the  harder,  and  more  compact,  wlien  in  a  given  space  the  cellulose  is 
deposited  in  larger  quantity,  while  in  the  so-called  soft  wood  the  walls  of  tlie  cells 
are  thinner  and  their  numher  smaller  in  a  given  space.  The  trees  of  which  the 
wood  is  used  as  fuel  in  Central  Europe  are : — 

Leaved  trees. 
Oak  (Quercus  peduncuUtta  and  rohur)     ... 

Red  beech  (Fagwt  $ylvatica)    

White  beech  [Carpinus  hetulus)      

Elm  tree  ( Ulmus  campestrU  and  effusa)  . 

Ash  tree  [Fraxinus  excelsior) 

Alder  {Alnus  glutinosa  and  incana) 
Birch  (Betula  alba  and  pubescens) 

ConiferouB  trees. 

White  fir  (Pinus  abies)     

"Red  fii  (Scotch  ^t)  {Pinits  picea)   

Common  fir  (Pinus  sylvestris) 

Larch  or  larix  tree  (Pinus  larix)   

Oak,  beech,  elm,  birch,  and  ash,  are  hard  woods.  Sycamore,  larch,  and  common 
fir  are  half-hard ;  while  poplar,  lime  tree,  willows,  are  soft  woods. 

consutnenu  of  Wood.  Wood  csseutially  cousists  of  woody  fibre,  small  quantities  of  ash 
and  sap,  and  a  variable  quantity  of  hygroscopic  water.  Woody  fibre,  or  cellulose, 
constitutes  about  96  per  cent  of  dry  wood,  and  is  composed  of  C6H10O5 ;  in  100  parts, 
of— Carbon,  4445;  hydrogen,  6*17  ;  oxygen,  49*38.  The  vegetable  sap  consists 
chiefly  of  water,  but  contains  organic  as  well  as  inorganic  matters,  partly  in 
solution  and  partly  suspended.  The  inorganic  constituents  of  the  sap  (the  ash  left 
after  the  incineration  of  the  wood)  are  the  same  in  all  kinds  of  wood  (see  p.  123). 
In  practice  it  is  assumed  that  wood  leaves  about  i  per  cent  of  ash  ;  but  there  is  a 
difference  for  certain  portions  of  the  tree,  the  trunk  3rielding  about  1*23  per  cent  of 
ash,  the  branches  and  knotty  parts  1*34  and  1*54,  and  the  roots  2*27  parts  of  ash 
respectively. 

The  quantity  of  water  contained  in  wood  is  generally  larger  in  soft  than  in  hard 
woods.  100  parts  of  wood  recently  felled  are  found  to  contain  on  an  average  the 
following  quantities  of  water : — 


fit  for 

felling  in 

50 —  60  years. 
80 — 120    „ 

»» 

no— 120 

)f 

20 —  30 

•» 

20 —  30 

»» 

20—  30 

»f 

20—  25 

50—  60 
70 —  80 
80—100 

»f 

50—  60 

Beech     18*6 

Common  fir 

'..    397 

Birch      30'8 

Red  beech     ...     . 

•.    ..• 

•..    397 

vyaii...     ...     •*•     ...     ...     ..•    34  7 

Alder     

I.     ...    1 

...    41*6 

Oak  (Quercus pedunculata)  ...    35*4 

Elm 

••    ... 

-•    44*5 

White  fir       371 

Red  fir 

••    •..    1 

...    45'» 

Air-dry  wood  may  be  considered  as  consisting  of : — 

40  parts  of  carbon  (inclusive  of  i  part  ash). 

40     „     „  chemically  combined  water. 

40     „    „  hygroscopic  water. 
Wood  dried  at  130*" — at  which  temperature  all  the  hygroscopic  water  is  driven 
off— is  composed  of: — 

50  parts  of  carbon  (inclusive  of  i  part  ash). 

50     „    „  chemically  combined  water. 
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Air-dry  beech  wood,  as  used  for  fiiel,  contains  in  loo  parts: — 


Carbon 
Hydrogen  ... 
Oxygen 
Water  and  ash ... 


.••     ...     ...     .••     .. 


. . .     ... 


...     ...     .*.     ... 


» . .     .. 


...     ..• 


...     •.• 


...     ... 


3910 
490 

3600 

20*00 


100*00 

Heating  vaine  of  Wood.  The  heating  value  of  soft  wood  is  greater  thaa  that  of  hard 
wood.  The  wood  from  coniferous  trees  is,  on  account  of  the  resin  it  contains,  the 
most  readily  inflammable.  Birch  wood  is  very  similar  to  coniferous  wood.  Hesinoiis 
woods  yield  the  longest  flame.  According  to  Winkler's  researches  on  the  heating 
power  of  the  various  kinds  of  wood,  it  appears  that  for  i  klafter  of  red  fir  wood 
might  be  substituted  : — 1*07  klafter  of  lime-tree  wood,  094  klafter  of  common  fir, 
0*92  klafter  of  poplar,  0*91  klafter  of  willow  wood,  0*89  klafter  of  tanne,  0*70  klafter 
of  beech,  0*665  klafter  of  birch,  065  klafter  of  sycamore,  0*635  klafter  of  elm, 
0*59  klafter  of  oak.*  Scheerer  assumes  that  the  absolute  calorific  effect  of  the 
difierent  varieties  of  uniforhily  dried  wood  is  the  same,  and  that  the  spedfio  calorie 
effect  of  wood  containing  the  same  amount  of  hygroscopic  moisture  is  proportionate 
to  the  specific  gravity.  The  pyrometric  heating  effect  of  kiln  half-dried  wood,  with 
10  per  cent  of  moisture,  is,  according  to  Scheerer,  =  1850**;  while  that  of  fully  kiln- 
dried  wood  is  =  1950''.  According  to  P6clet,  the  combustion  of  clean  dry  wood 
evolves  a  temperature  of  1683**,  provided  tlie  oxygen  of  the  air  supplied  for  00m- 
bustion  be  all  consumed,  for  if  that  is  not  the  case,  or  only  half  the  oxygen  be 
consumed,  the  temperature  is  only  960^,  as  happens  in  stoves  of  the  ordinaiy 
construction. 

According  to  Brix's  investigations,  the  evaporative  power  of  different  kinds  of 
wood  is  as  subjoined: — 

Fir  wood,  containing  water,  per  cent 
Elm  wood, 


ft 
»t 
»» 


XJndried. 

Dried. 

Per  cent. 

Per  cent. 

i6*i 

413 

511 

147 

3-84 

467 

12*3 

372 

439 

187 

354 

4*60 

222 

339 

463 

12*5 

3*62 

428 

Birch, 
Oak, 

Ked  beech. 
White  beech. 

That  is  to  say.  i  kilo,  of  fir  wood,  containing  16*1  per  cent  of  water,  evaporatM 
4*13  kilos,  of  water. 

Wood  charcooL  Nearly  all  organic  compounds  become  decomposed  by  heat»  and  leave 
carbon  if  access  of  air  is  prevented.  If  tlie  escape  of  gases  and  volatile  vapours 
evolved  when  wood  is  submitted  to  dry  distillation  is  permitted,  a  residue  is  left 
known  as  wood- charcoal.  Among  tlie  volatile  products  of  this  operation  are  gaseous 
substances,  such  as  carbonic  acid,  carbonic  oxide,  and  marsh-gas,  while  the  con- 
densable portion  of  the  volatile  products  consists  of  tar  and  an  aqueous  fluid.  This 
latter  consists  of  crude  pyroligneous  (acetic)  acid  (see  p.  469)  and  of  wood-spirit 
The  tar  contains  a  large  number  of  fluid  and  solid  substances,  among  which  are 
parafiin,  creosote  (oxyphenate  of  metliyl),  oxyphenic  and  carbolic  acids  (that  is  to 
say,  true  carbolic  acid,  cresylic  acid,  and  phlorylic  acid),  and  several  hydrocarbons; 

*  A  klafter  is  a  cuYaa^  Tiiieoksax^  =  \q&  eubio  feet. 


nil  these  Bnbstances  are  combnstible.    Tlie  following  dingraTn  pxhibits  the  cliief 


products  nf  the  dry  distil 

fttion  of  wood  :— 

.  IlluminatiDg 

gas. 

i-Acetylen. 
Jilavl. 
Benzol. 

Naplitlialin  (?) 

Carbonic  oxide. 
Carbonic  acid. 
M.trsh-gfts, 
Hydrogen. 

a.  Real  wond. 
water. 

(i.  Tar. 

Bonzol. 
Naplithalin  (?) 
Paraffin. 
Reten. 
Carbolic  acid. 

Oxjphenic  acid 
Cresylic  acid. 
Plilorylic  acid. 
Empjreumatic  r 

Creoaute. 

■f.  ryroligneous 
acid. 

[  Acetic  acid. 
1  Propiouie  acid . 

Aceton. 
Wood  spirit. 

I, J.  Wood  cliarcoHl. 

CHimiiHU'HKiivaad.  Wood  is  carbonised  chiefly  for  tlie  parpose  of  concentrating  the 
fnel  or  combustible  matter  it  contains,  to  obtain  a  mare  readily  transportable 
material,  and   for  the   purpose    of 


converting  the  wood  into  a  fuel  for 
nse  in  metallurgical  and  technical 
processes  in  whicli  wood,  as  such, 
cannot  be  employed. 

Wood  may  be  carbonised  with 
the  sole  view  of  making  tar  (Stock- 
holm tor),  or  with  Umt  of  making 
wood-gas  or  charcoal.  In  the  latter 
case  tlie  wood  is  very  frequently 
carbonised  in  the  forests  where  it  is 
felled,  in  heaps,  pits,  or  ovens. 
cubsniuusn  In  *  regolstly  oon- 
"••p^  Btraeted  heap  of  blocks 
of  timber  covered  with  a  layer  of  earth 
and  charcoal-dnat  is  fonaed ,  the  wood 
being  placed  vertically  or  horizon- 
tally as  regards  the  direction  of 
the  axis  of  the  heap.  In  the  tlrat 
ease  the  heap  is  termed  a  "  stand, 
ing,"  in  the  other  a  "laid"  heap. 
The  aiia  is  a  pole  or  several  poles  of 

CDnalmdlm  ol  '^S  building  of  the 
thf  iiiip.  heap  is  oomineneed  by 
putting  up  the  aiis  pole  or  poles. 
Vertical  heaps  are,  aceordiiie  to 
their  coOBtmotion,  distingniihed  in 
tierman3',  ae  : — a.  WiJsb  heap.  Fig. 
'.  Slavonian  heap,  Fig.  3U1. 
raiten  heap,  Fli 
Walsh,  or  Ital 
I  constmcted  1 
oeutrol  support  of  planks  or  atont 
laths,  kept  apart  from  each  other  liy 
the  balks,  n.  The  heap  contains 
two  or  three  layera  of  wood  and  is 
conical  in  shape.  The  layer  of  earth 
on  the  wood  is  termed  the   obeiuise. 


wood  is  placed  (or  kindling  the  pile. 


In   the  loiter  part  ol  the  hollow  We 
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The  Slavonian  heap  fFig.  302)  is  distingoished  from  the  former  by  the  fact  thai  ^0 
axis  is  a  solid  pole  and  oy  the  channel,  6,  by  means  of  which  the  wood  is  fired.  A  third 
kind  of  Tertical  heap,  termed  the  Sohwarten,  is  in  ose  in  Norway,  the  name  being  derived 
from  the  word  **  Schwarten,'*  signifying  irregular.  Three  of  the  larger  logs  form  the 
central  pole,  a  a,  round  which  light  combustible  material  is  placed  for  the  purpose  of 
kindling  the  heap ;  while  the  blocks  of  wood  are  next  built  up.  The  horizontal  heaps 
have  the  outward  appearance  of  the  former,  but  the  blocks  of  wood  are  placed  horizontally 
and  radially.  The  pole  or  axis  is  a  solid  shaft,  and  air  holes  or  channels  are  made  in  the 
wood.  In  order  to  prevent  the  layer  of  earth  which  covers  the  heap  falling  in  and  choking 
the  progress  of  the  smouldering  fire,  a  layer  of  leaves  and  twigs  is  first  placed  on  the 
wood,  and  on  that  the  earth,  mixed  with  charcoal-dust.  At  first  the  heap  of  wood  is  not 
quite  covered  with  earth,  an  uncovered  space  of  some  6  to  12  inches  being  left  at  the  foot 
of  the  heap  for  the  purpose  of  admitting  air.  The  layer  of  earth  usually  has  a  thickness 
of  3  to  5  inches,  but  at  the  top  it  is  thicker.  In  order  to  protect  the  heap  from  the  eflfects 
of  strong  wind,  it  is  usual  to  put  up  what  are  termed  wind-blinds,  simply  planks  of  wood 
placed  close  together  and  supported  by  stout  poles. 

There  are  two  methods  in  use  for  kindling  or  firing  the  heaps  of  wood ; — x.  Kindling  at 
the  bottom,  access  to  the  centre  of  the  heap  being  obtained  by  a  ^annel,  into  which 
ignited  straw  is  introduced.  2.  Ignition  from  the  top,  or  roof,  by  throwing  into  the 
central  shaft  igilited  charcoal  and  wood-shavings. 

ChanKMi  Burning.  We  have  to  distinguish  three  stages  or  phases  in  this  operation : — 
I.  The  sweating.  2.  The  full  combustion.  3.  The  slow  smouldering.  In  order  that  the 
fire  may  spread  through  the  Heap,  it  requires  at  first  a  more  plentiful  supply  of  air,  and 
for  that  purpose  the  heap  is  left  entirely  uncovered,  or  at  least  left  open  at  the  'bottom. 
The  first  effect  of  the  firing  is  that  a  large  quantity  of  watery  vapour  and  products  of  dry 
distillation  are  formed  within  the  heap,  which  becomes  consequently  wet,  or  begins  to 
sweat.  During  this  time  there  is  the  risk  of  explosion  of  the  mixture  of  air  with  hydro* 
carbon  gases  and  vapours,  by  which  explosion  the  overthrow  of  the  heap,  or  if  not  so 
violent,  a  shaking  of  the  covering  layer  of  earth,  may  take  place.  It  may  happen,  also, 
that  at  this  period  the  combustion  becomes  internally  so  active  as  to  completely  consume 
more  or  less  of  the  wood.  Any  holes  which  may  be  observed  externally  are  at  once  filled 
up  with  earth,  grass,  wet  wood,  clay,  or  any  suitable  material.  When  the  vapours  issuing 
from  the  bottom  of  the  heap  become  brighter  in  colour,  complete  ignition  of  the  wood  has 
commenced,  and  it  then  becomes  necessary  to  prevent  the  access  of  air  by  covering  the 
entire  heap  with  earth  mixed  with  charcoal-powder ;  this  operation  is  termed  the  encom- 
passing (umfcusen)  of  the  heap,  which  is  left  in  that  condition  for  three,  four,  or  six  days, 
the  high  temperature  being  sufficient  to  complete  the  carbonisation  of  the  wood  without 
further  access  of  air.  In  order  to  insure  the  complete  carbonisation  of  the  outer  portions 
of  the  heap,  the  combustion  must  be  carefully  conducted  from  the  top  and  centre  out* 
wards  by  partially  removing  the  covering  layer  towards  the  bottom,  and  by  making  small 
channels  at  various  parts  of  the  covering,  an  operation  known  as  the  slow  smouldeiing  or 
burning  off.  When  the  smoke  which  issues  from  the  channels  becomes  bright  and  blue- 
coloured,  the  charcoal  is  well  burnt,  and  therefore  the  channels  and  apertures  are  all 
dosed  with  earth,  in  order  to  extinguish  the  fire.  In  this  condition  the  heap  is  left  for 
twenty-four  hours.  Then  the  layer  of  earth  is  raked  off,  and  dry  earth  thrown  on  the 
heap  for  the  purpose  of  filling  the  insterstices  between  the  still  red-hot  charcoal,  which 
becomes  gradually  extinguished.  As  soon  as  the  heap  is  quite  cold  externally,  it  is  once  or 
twice  gently  watered  by  means  of  a  watering-pot,  then  broken  up,  and  the  charcoal  taken  out. 

QuiMniwUon  in  Beds.  This  mode  of  charcoal-burning  is  in  use  in  Southern  Germany, 
Russia,  and  Sweden,  and  is  a  continuous  operation  in  so  far  as  the  wood  is  gradually 
carbonised,  fresh  green  wood  being  added  while  the  charcoal  is  withdrawn.  The  wood  is 
sawn  into  logs  and  not  hewn  to  smaller  blocks.  The  carbonisation-bed  is  a  rectangular 
wooden  box.  Figs.  304  and  305,  the  latter  being  a  vertical  section.  The  bed  is,  in 
fact,  a  kind  of  kiln,  of  which  a  a  are  the  poles  and  outer  logs,  h  the  covering  layer  of 
earth,  h  the  hearth.  While  the  slow  combustion  proceeds  from  h  towards  the 
opposite  end,  the  charcoal  formed  is  gradually  withdrawn.  The  burner,  or  workman,  has 
to  see  that  the  combustion  proceeds  regularly  and  keeps  parallel  to  the  sides  of  the  bed. 

cuboniMtion  In  Ortns      ^bis  process  is  an  imitation  in  brickwork  of  the  carbonising  process 
orKiiat.  in  heaps,  because  the  carbonisation  of  the  wood  is  effected  by  the 

combustion  of  a  portion  of  wood  of  the  heap.  The  oven,  or  kiln,  admits  of  a  more  perfect 
collection  of  the  products  of  the  dry  distillation — tar,  pyroligneous  add,  &q.^ — but  the 
diarcoal  is  not  quite  so  good  as  that  obtained  by  the  preceding  methods.  The  shape  and 
mode  of  construction  of  these  kilns  may  vary,  as  will  be  presently  seen. 

Fig,  306  exhibits  one  of  the  most  simply  constructed  kilns.    The  wood  is  placed  either 
rertically  or  horizontally,  being  ihiown  mVo  \^«\QiTv^2tiiQ\x.\^Uifi  opening,  a,  or  carried  m 


throoitli  the  doonriqr,  A,  which  also  serrea  as  ths  ehuinel  through  wbiah  the  firing  of  the 
irnod  ia  performed.  Daring  the  ignitioD  all  the  apertnres  of  the  Idln  are  olosed  with 
briskwork,  with  the  eioeption  of  a  small  opening  at  b  and  at  a.  The  small  apertoies  lean 
at  the  top  of  the  kiln  are  intended  for  the  escape  of  the  amoke. 


In  the  kilu  exhibited  at  Fig.  307,  the  dooiwaya,  a  anl  b,  are  intended  for  the  intro- 
daction  of  the  wood,  and  b  also  tor  withdrawing'tbe  ehareoal.  ccc  are  draught -holM 
provided  with  plaga.    The  iron  ptfie,  d,  is  intended  foroarrTiDg  off  the  volatile  pruJuotH  of 


the  dr;  diatillation.  During  the  operation  a  and  b  are  eloied  with  briokwoTk  or  with 
tightly- fitting  iron  doors  lined  with  Gra-clay  slaba.  The  tar  ia  collected  in  a  reserroir. 
Below  b  a  small  aperture  indicates  th«  month  or  outer  opening  of  the  flring  ohauueL 


The  kiln  represented  in  Fig.  308,  In  vertical  teotion,  is  constrneted  tor  the  admisdon  nf 
•ii  through  the  adi-pit,  (,  and  fire-bars,  r ;  the  wood  is  introdnoed  tfarongh  a  and  b;  qia 
the  pipe  for  carrying  oB  the  volatile  products. 
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rniocwt-od     ThecorboiiiBatioit  ofwoodiaalaoefleotediDcloBedTeaaela: — i.Betorts. 

'"^  z.  Id  tubes  or  oylindera,  heated  ur,  blast-fnmuie  gnaea,  or  mpa' 

heated  steaai  beiug  sametimea  used  for  the  pnrpose  ot  earboniBing  the  wood.  Aa  ngMda 
*i, t„.i„..: 1  _..,  !^  retorts,  tliis  is  effected  by  pLuing  the  wood  in  oart-inB 


the  oarboniiation  of  wood  u 


Fia.  308. 


or  flre-eU;  retorts,  which  are  be&t«d  extemBllT,  and  are  proridod  with  pipes  tor  ocairBjiJig 
awft7  the  volatile  prodacta  of  the  carbonisation,  this  prooees  being  oamed  on  chiefly  for 
obtaining  tar  or  wood-gas.  In  the  ease  of 
tnbnlar  kilns,  the  firing  of  the  wood  is  effected 
by  the  aid  of  a  series  of  icon  tubes,  placed  in 
the  kiln  and  connected  ontsida  wiUi  a  aonrce 
ot  best  SB  well  as  with  a  ohinmeT  stalk.  The 
hot  air  and  Same  ot  a  fnmace  are  paaaed 
throngb  tbeae  tuben  or  niay  be  directly  led 
into  tiie  kiln  provided  the  hot  air  and  flame 
are  deprived  of  their  oxygen  Upon  these 
principles  is  constmcted  tha  kiln  invented  by 
Schwarz  and  known  as  the  Swedish  kiln,  of 
which  Fig  309  eiLibits  a  vertical  section,  b  is 
the  carboniBation  apace  enclosed  by  the  brick, 
work  a  TfaronKh  the  apertnres  ce,  the  hot 
BIT  IB  admitted  which  effects  the  carbonisation. 
Tlie  Iiqaid  products  of  the  dry  distillation  are 
collected  on  the  sloping  floor  of  the  kiln  and 
conveyed  by  means  ot  the  syphon-tnbee,  tf, 
into  the  tar-veasels,  //.    The  vapoara  ot  tha 


rolBtile  dnids  (pyroligneom  acid,  wood-spirit,  ^0.),  pass  throagh  the  tubes,  gg,  into  tha 
condeneiog  tcwcIb,  A  A.nhiohueeoanecM  mlb a. \u«}i chimney  (seel,  Fig.  310),  to  kid 
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the  dnngbt  of  the  apparatne.     The  openingB,  dd,  serve  for  the  introduotion  of  the  wood. 
There  ore  no  fire-bare  in  the  hearth  of  Ihiit  kila. 

The  earboiuBatiou  of  wood  with  the  riew  of  prodncing  tar  U  best  effected  bjr  the  method 
in  general  nwi  in  Biuaia,  of  whicli  Hessel  has  given  |i86i)  the  following  desetiption. 
The  wood,  generttll;  ol  oouiferona  trees,  is  cnt  np  with  an  aie,  heing  distinguished  M 

Fio,  310. 


Brawioan  and  Lnezina;  the  former  wood  from  the  trmik  of  the  trees,  the  latter  the 
knotty  roots.  The  wood  is  heaped  ap  on  a  plot  of  groond,  Fig.  311,  which  is  somewhat 
elevated  above  the  level  of  the  soil,  and  is  fnnnel.shaped,  the  whole  being  constructed  of 
ola;  and  lined  with  loofing. tiles,  on  which  the  tar  oollects  and  flows  off  into  a  vessel 
placed  in  the  vault,  as  exhibited  in  the  cat.  The  wood  is  heaped  in  six  to  eight  layers, 
and  ia  first  covered  with  bnj  or  dnns,  next  with  a  layer  of  a  tew  inches  in  thickness  of 
sand  or  earth.      The  wood  in  the  heap  is  ignited  at  the  bottom,  where  biitj  to  Sft; 


*fl^J'WR*'**~jW5 


apertures  are  left  in  the  covering,  these  apertures  being  closed  with  wet  sand  aa  MWII  as 
the  eonibustion  of  the  wood  becomes  active,  and  baa  spread  through  the  whole  heap. 
After  about  sii  days'  smouldering,  the  top  of  the  heap  falls  in  and  a  strong  flame  bnrsta 
out.     After  ten  to  twelve  days  the  tar  begins  to  oolleot  and   is  removed  daily.    The 


in  Lower  Austria  from  the  wood  of  the  hlaok  fir,  whioh  does  not  yield  turpentine  ;  bat  it 
Bohemia  a  very  resinous  wood  is  used  for  tar-making.  100  parts  of  &l  wood  yield  in 
ItuBBia  17-6  parts  o{  tar  and  23'3  parts  of  eharooal. 

Since  the  year  1853  there  has  been  in  use  in  Sweden  an  apparatua  foi  the  distillation  of 
tar  from  wood,  known  as  a  themio-boiler.  According  to  Hessel's  description,  thia 
apparatus  consists  of  a  boiler- shaped  iron  vessel,  a.  Fig.  312,  of  about  8  ouhie  metrei 
capacity,  and  fitted  with  a  man-hole  for  introducing  the  wood.  Thie  vesael  Is  heatadh^  *. 
fire  at  a,  and  the  flnei,  bb.    In  order  to  heat  the  wood  ntidlisVixfxf  s%'V'^<A.«HK>iL'* 
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toned  into  the  veuel  tbrongli «.  The  Ur  whieh  might  oolleot  and  oondnua  in  tfaa  <MWl 
la  earned  off  b;  tlie  aid  of  the  pipe  e  to  b,  while  the  Tapoora  of  tar  and  other  n>lati)e 
prodaeta  are  eonve;ed  throngh  d  into  b'.  The  matter  there  oondenwd  flowa  tluongfa 
A  to  B,  while  the  more  volstils  prodnota  are  rendered  liqnid  in  the  oondenaer,  c.  ^e 
oombuitihle  gaaea  are  returned  to  the  flreplooe.  In  addition  to  tar,  thet«  ara,  at  the 
ontset  ot  the  operation,  also  obtained  oil  of  tntpenline  and  pTToligneona  acid.  The 
charcoal,  whioh  is  eitingniahed  by  means  of  steam,  ia  removed  from  the  boiler  bj  the 
opening  d.  According  to  an  investigation  b7ThemQ«(tSej),  with  the  view  of  aaoertaining 
whether  the  tar  obtained  in  making  wood-gas  ia  equallj  fitted  for  naval  pnrpoaea  and  for 
boiling  down  to  pitch  as  the  tot  obtained  by  other  meUiods,  it  was  fonnd  that  enofa  ia  not 
the  case.  This  agrees  with  Dr.  Owdan's  reeearebes,  made  at  his  extensive  acetic  add  and 
wood-spirit  works  at  Snnderland,  where  the  tar  obtained  ia  bnmt,  or  tued  wiUi  lime  and 


the  locality, 


fn^vuaiitchanML  We  distinguish  between  hard  wood  and  sofl  wood  charcoal,  and 
as  regards  ihe  latter,  again  between  charcoal  obtained  from  leaf-bearing  trees  and 
from  coniferoua  trees.  According  to  the  degrees  of  carbonisation,  wa  iliaKngiiiiih 
between  well-bamt  block-coal  and  the  so-called  charbon  rovx,  a  more  or  leas  deep 
brown  torrified  charcoal,  often  need  in  gonpowder  makiDg. 
According  to  the  size,  charcoal  ia — at  least  abroad — divided  into : — 

1.  Coarse  log-coal,  the  largest  and  most  compact  liun[a. 

2.  Forge-coal,  compact  Inmpa  about  4  inches  diameter. 

5.  Coal  fi;om  the  centre  of  the  heap,  small  lumps  and  porous, 

4.  Sniall  coal,  not  and  pebble-flized  Inmpa,  mixed  with  dnat 

5.  Baw  coal,  or  not  well-bomt  Imnps. 

Aa  regards  the  yield  of  charcoal  hy  bulk,  this  may  be  referred  either  to  the  real 
volume  of  the  mass,  after  deduction  of  interstices  present  in  the  heap,  or  to  the 
apparent  volume  without  that  deduction  being  made.    We  con  compare : — 

a.  The  apparent  volume  of  the  wood  with  the  apparent  volume  of  the  chnrooaL 

b.  The  real  volume  of  the  wood  with  the  real  volume  of  the  choreoaL 

e.  The  real  volume  of  the  wood  with  the  apparent  volume  of  the  chaiaoal. 

The  first  method  may  he  called  the  production  according  to  the  q)paTent 
roiome  (L) ;  the  second,  the  yield  aooording  to  the  real  volume  (II.) ;  the  third,  the 
/idd  ocoordiag  to  boUi  vduiaet  (Ul.'^ .— 


■  ••    •••    •••    •••    •••    •••    •••    ••• 


•••    •••    •••    •••    •••    ••• 
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7 1  •8-74' 
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Method  (I.)  gives  the  following  results : — 

Oak  wood 

Bed  beech  wood ... 

Birch  wood ... 

Dwarf  beech  wood  (as  grown  for  hedges  abroad) 

I  XL     VtOvIU  ...  ■•.  •*•  ...  •••  .••  •••  ••• 

According  to  tlie  real  volume  (II.)  the  average  of  several  experiments  gave  a  3rield 

of  47 '6  per  cent.    According  to  both  volumes  {III.),  the  following  results  were 

obtained  at  Eisleben : — 

Apparent  Both 

Weight.  volume.  volumes. 

Oak  wood     21*3  per  cent     718  per  cent     987  per  cent 

Bed  beech  wood 22 7  „  „  730  „  „  100*4 

Birch  wood ^g  „  „  685  „  „  942  „ 

Dwarf  beech  wood      206  „  „  57*2  „  „  786  „     „ 

Fir  wood       25*0  „  „  636  „  „  872  „    „ 

^""^^cSSJt^L^*^'  Omitting  the  small  quantities  of  hydrogen  and  oxygen  present  in 
charcoal,  its  average  composition  in  air-dry  state  is  the  following : — 

Carbon 85  per  cent 

Hygroscopic  water       12    „    „ 

janil    •••         •••         ..•         •••         .••  •••         •••  3         f«         ft 

^SS5"^ISitl~'  The  combustibility  of  freshly  burnt  charcoal  is  very  great,  for  it 
continues  to  bum,  with  proper  access  of  air,  when  once  ignited ;  but  as  charcoal 
does  not  contain  any  volatile  combustible  matter,  it  requires  a  great  heat  to  become 
ignited,  more  especially  as  it  is  a  very  bad  conductor  of  heat. 

The  heating  effect  of  various  kinds  of  wood-charcoal  is  shown  by  the  figures  of  the 
subjoined  table,  the  heating  effect  of  carbon  being  taken  as  tlie  unit :— 

S  .S  I 


to 


Well-burnt  charcoal,  air-dry    0*97  —  2450 

Well-burnt  charcoal,  quite  dry  ...  084  —  2350 

Birch  wood         „                    „  ...  —  0*20  —  3371  ^ 

Ash  wood            „                    „  ...  —  0*19  —            —  J^ 

Bed  beech  wood .,                    „  ...  —  018  —  33*57  55 

Bed  fir  wood       „                    „  ...  —  017  —  33*5i  ^ 

Sycamore  wood  „                   „  ...  —  o*i6  —            —  g 

Oak  wood           „                    „  ...  —  015  —  33  74  « 

Alder  wood         „                   „  ...  —  013  —  3240  * 

Linden  wood      „                   „  ...  —  010  —  3279  S 

Fir  tree               „                   „  ...  —  —  —  3353  a 

Willow  wood      ,.                   „  ...  —  —  —  33*49  O 

The  evaporative  power  of  fir  wood  charcoal  containing  10*5  per  cent  of  water  and 
27  per  cent  of  ash  amounts  to  6*75  kilos.,  viz.,  i  kilo,  of  the  charcoal  evaporates 
6*75  kilos,  of  water.  This  charcoal,  in  perfectly  anhydrous  state  and  with  3*02  per 
cent  ash,  evaporates  7' 59  kilos,  of  water. 

^^^'^^'^^cfiSiiT"^**  ^  *^®  complete  carbonisation  of  wood  entails  a  loss  of  about 
40  per  cent  of  fuel,  it  has  been  recently  tried  to  prepare  a  kind  of  charcoal  exhibiting  a 
brown-black  colour,  and  obtained  from  wood  by  torrifying  rather  tS\«SLVs^  cMi^iRiu^aBBv^ 
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it,  experience  having  shown  that  such  a  charcoal  is  obtained  when  the  air-diy 
wood  has  lost  by  torrifying  some  60  to  70  per  cent  of  its  weight.  Tliis  kind  of  char- 
coal is  intomiediate  to  real  hlaok  charcoal  and  kiln-dried  wood ;  it  contains  man 
oxygen,  is  readily  pulverised,  but  is  less  porous  tlian  either  kiln-dried  wood  or 
ordinar}'  charcoal,  than  whidi  it  is  far  more  inflammable,  and  is  hence  preferred  in 
gunpowder  making.  Charbon  roux,  or  torritied  charcoal,  is  a  very  usefol  and 
important  fuel  for  industrial  and  metallurgical  purposes. 

Freslily  prepared  torrified  charcoal  has  the  following  composition  : — 

Carbon 74*0  per  cent 

Chemically  combined  water     245 

a\oXi    •••   •••   •••   •••   •••   •••   •••     I  ^   ,, 

The  composition  of  this  charcoal  after  keeping  is : — 

v/aroon***     •••     •••     •••     ■••     •••     •••    00  ^  per  cenc 

Chemically  combined  water     22*0    „ 

Hygroscopic  water    100 

axBH  •••        •••        •••        •••        •••        •••        •••  XH 


♦♦        ♦» 


BoMtM  Wood ;  The  AsBociation  for  Promoting  Chemical  Industry  at  Mains  prepares  an 
BoiMRoax.  '  intermediate  product  to  wood  and  torrified  charcoal,  to  which  the  name 
red  wood  fron8ted  wood,  bois  roujr)  is  given.  It  is  made  from  beech  wood,  and  is  the  by- 
product of  the  preparation  of  acetic  acid  and  creoRote.  It  has  all  the  external  appearances 
of  wood,  but  the  colour,  which  is  deep  brown.  It  is  highly  inflammable,  and  consists  on 
an  average  of : — 

Carbon 52*66  per  cent 

Hydrogen      578    „    „ 

AHh        0-43     „    „ 

Water  (moisture  or  constitutional  ?)  .      4*49    „    „ 
Oxygen 3664    „    „ 

According  to  B.  FreRcnius's  researches,  the  evaporative  power  of  air-dry  beech  wood  is 
to  that  of  boU  rottx  as  54*32  :  100. 

Peat. 

Paat  Tliis  is  the  product  of  the  spontaneous  decay  of  vegetable  matter,  more 
esi>ecially  of  marsh  plants,  mixed  with  various  mineral  matters,  sand,  day,  marl, 
lime,  iron  pyrites,  iron  ochre,  &c.  Peat  is  especially  formed  in  places  where  shallow, 
stagnant  pools  of  water  abound,  in  which  the  plants  grow,  while  at  the  same  time 
the  peat  is  precluded  access  of  air.  The  following  plants  are  chiefly  met  with  in  peat 
bogs  and  form  tlie  peat : — Eriophorum,  Etica,  Calluua,  Ledum  paluatre,  Hypnum^ 
and  also  Sphagnum,  a  plant  especially  fitted  for  the  formation  of  peat,  because 
it  never  wholly  dies,  but  continues  to  vegetate  towards  the  surface  of  the  water  or 
bog.  while  the  older  parts  decay. 

The  different  qualities  of  peat  are  partly  due  to  the  plants  from  which  tlie  peat  is 
formed,  but  chiefly  to  tlie  more  or  less  complete  decay  these  plants  have  undergone, 
to  the  mineral  substances  mixed  with  tlie  peat,  and  to  tlie  compression  to  which 
it  has  been  submitted  by  the  weight  of  other  mineral  materials  deposited  upon 
it.  Abroad,  and  in  countries  where  peat  abounds,  several  varieties  are  dis- 
tinguished, such  as — I.  Moor  peat,  chiefly  derived  from  kinds  of  Sphagnum^  and 
found  in  several  parts  of  tlie  United  Kingdom  as  very  young  peat — for  instance,  at 
Aldershot,  and  on  moor  lands.  2.  Heath  peat,  in  Holland  known  as  plaggenturf^  is 
the  surface  soil  of  heatlier-growing  p\ace«.    ^.  ^It^^udt^Nir-land  peat,  decayed  coane 
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grass  mixed  with  a  soft  sabsoil.  4.  Wood  or  forest  peat,  met  with  in  forests, 
and  formed  by  the  decayed  wood,  leaves,  &c.  5.  Marine  peat,  formed  by  the  decay 
of  sea  plants,  varions  kinds  of  Fucutt  &c. 

Peat  is  directly  obtained  by  simply  catting  it  with  a  spade  from  the  surfeu^e  of  the 
soil,  either  with  or  without  the  necessity  of  first  removing  a  layer  of  other  soil, 
while  some  peat  can  be  obtained  only  by  dredging  for  it  under  water.  In  the 
latter  case  a  mud  is  dredged  up  which  (as  happens  in  Holland,  where  the  land  peat  is 
known  as  koog  veen^  while  the  peat  from  under  water  is  termed  laag  veen),  has  to  be 
dried  gently  in  open  air,  and  afterwards  cut  up  in  brick-shaped  lumps,  and 
further  air-dried.  Peat  is  often  artificially  compressed  for  the  purpose  of  obtaining 
a  more  compact  fueL  The  quantity  of  water  contained  in  freshly  dug  peat  is  very 
large,  and  by  keeping  this  peat  in  dry  situations  it  may  lose  45  per  cent  of  its 
original  weight.    Assuming  the  organic  matter  of  peat  to  consist  of — 

Carbon 60  per  cent. 

Hydrogen    2 

waver  •••     •••     *••     •••     •••      3 

The  best  solid  air-dry  peat  consists  of — 

Solid  peat  mass  (inclusive  of  ash)     75  per  cent. 

Hygroscopic  water       25        »« 

or  of — 

Carbon       45'o  per  cent. 

•Txyorogen  •••     •••     •••     •••     •■•     •••     •••         i  j         ,, 

Chemically  combined  water   28*5        „ 

Hygroscopic  water 255        „ 

The  following  analyses  exhibit  the  composition  of  peat-ash,  which  is  characterised 
by  containing  a  far  larger  quantity  of  phosphoric  acid  than  wood-ash.  • 

According  to  £.  Wolff,  two  kinds  of  peat-ash  from  the  Mark  (a  and  b),  and  another 
from  South  Bavaria  (c,  analysed  by  Dr.  Wagner)  contain : — 


»» 
It 


a. 

6. 

c. 

jjime      •.•     •••     ,,,     ,,,     ,,,     ,,,     ,,, 

15*25 

2000 

18-37 

20*50 

47-00 

4545 

Oxide  of  iron       

550 

7-59 

7-46 

^"^^^a      •••     •««     ,,,     ,,,     ,,,     ,,,     ,,, 

4i'oo 

13-50 

20*17 

Phosphate  of  calcium  and  gypsum  ... 

310 

2*6o 

Alkali, 

phosphoric 

acid 

,  sulphuric 

•  8*55 

acid, 

Ac. 

Dryinx  vmi.  The  use  of  peat  as  fuel  and  its  value  as  such  depend  in  a  great  [measure 
upon  the  quantity  of  water  and  the  mineral  substances  it  contains.  Peat  may  be 
more  or  less  dried : — 

1.  By  exposure  in  stacks  in  open  air,  or  better  in  sheds  where  the  peat  is  protected 
from  rain,  but  where  a  free  circulation  of  air  obtains.  Air-dried  peat  contains  25  per 
cent  water. 

2.  By  artificial  heat,  Idln  drying  at  xoo*  or  120'*,  in  kilns  or  stoves  heated  by  a  distinct 
fire-place,  or  by  waste  heat  from  other  operations. 

3.  By  compressing  peat.  The  compression  has  the  following  advantages: — a.  Ben- 
dering  the  peat  more  compact  and  thus  increasing  its  pyrometrio  effect.  6.  Lessening  its 
bulk,  and  consequently  lessening  the  cost  of  transport  by  water,  in  which  mode  of  trans- 
port the  cost  is  oaloulated  by  bulk  or  oubie  measurement,     c.  The  Q0im.v«iy6rin  ^!bJ^ 
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the  drying.  The  operation  of  compressing  freshly  dog  pcAt,  simple  as  it  appears,  has  been 
found  in  practice  to  be  accompanied  with  difficulties  which  hitherto  have  not  been,  and 
are  not  likely  to  be,  overcome,  for  several  reasons,  among  which  is  the  fact  that  peat,  as  a 
heterogeneous  material,  cannot  be  dealt  with  satisfaetorily  by  compression.  Bat  a  step  in 
the  right  direction  towards  the  utilisation  of  the  enormous  masses  of  peat  soil  has  been 
made,  by  submitting  the  soil  first  to  a  kind  of  grinding  lixiviatlon,  which  converts  it  into  a 
homogeneous  mass,  from  which  the  greater  part  of  the  mineral  matters  can  be  eliminated. 

In  the  works  at  Staltach,  near  Munich,  the  following  process  has  been  introduced 
by  Weber  for  preparing  peat.  The  peaty  material  having  been  brought  from  the  moor  in 
lumps  is  put  into  a  kind  of  pug-mill  moved  by  steam-power,  and  which  reduces  the  peaty 
substance  to  a  uniform  paste.  This  paste  is  moulded,  compressed,  and  dried  in  a  stove. 
Schliokeysen  has  invented  a  machine  of  improved  construction ;  in  its  application 
it  is  unnecessary  to  pour  any  water  on  the  peaty  material,  consequently  Uie  drying  pro- 
cess is  less  tedious  and  expensive.  Dr.  Versmann's  peat-preparing  machine  consists 
chiefly  of  a  funnel-shaped  stout  sheet-iron  vessel  provided  with  small  holes  on  its 
periphery  and  internally  fitted  with  an  iron  core-piece,  which  bears  cutters  fastened 
spirally  on  its  surface.  By  the  action  of  these  cutters  the  peaty  matter  is  reduced  to 
a  pulp,  and  in  that  state  issues  from  the  holes,  while  any  coarse  particles,  such  as  pieces 
of  root,  vegetables,  <&c.,  are  discharged  at  the  lower  opening  of  the  funnel-shaped 
iron  vessel.  On  the  Haspel  moor  peat  bog  situated  between  Augsburg  and  Munich, 
there  has  been  in  use  up  to  the  year  1856  a  peat-preparing  machine,  originally  invented 
by  Exter,  at  Munich,  and  consisting  essentially  of  solid  iron  cylinders,  provided  with 
strong  teeth  6  centims.  long,  and  arranged  in  the  same  manner  as  obtains  in  bone- 
crushing  mills.  The  peaty  material  is  reduced  with  the  aid  of  water  to  a  pulp,  which 
is  next  pressed,  moulded,  and  dried.  The  unreduced  vegetable  matter  and  roots  are 
separated  from  the  peaty  mass  by  the  machine.  Challeton's  peat-preparing  machine, 
invented  in  1824,  and  worked  at  Montauger,  near  Corbeil,  Seine  et  Oiise,  France,  oonsists 
of  a  set  of  cyhiiders,  1*3  metres  in  length,  and  fitted  with  cutters.  The  peaty  mass  is 
first  cut  into  shreds  and  is  next  transferred  to  another  portion  of  the  machinery,  in  the 
particulars  of  its  construction  very  similar  to  a  coffee-mill.  With  the  assistance  of  some 
water  the  peaty  material  is  converted  into  a  pulp,  which  is  next  lixiviated,  and  thus 
deprived  of  mineral  impurities.  The  thin,  pasty,  peaty  mass  is  run  into  a  large  tank  or 
pit  dug  in  the  soil,  and  left  there  until  it  has  acquired  sufficient  consistency  to  be  moulded. 
This  mode  of  treating  peaty  matter  has  been  employed  at  Bheims  and  St.  Jean  on 
the  Bieler  Lake,  Switzerland.  By  Challeton's  process — 100  cwts.  of  peaty  material 
(veen)*  yield  14  to  15  cwts.  of  peat,  containing  about  seven-eighths  less  ash  than  in 
natural  st^te. 

It  is  evident  that  a  process  of  lixiviation,  however  suitable  in  regard  to  its  application  to 
peaty  matter,  is,  in  a  certain  sense,  an  irrational  mode  of  treating  a  substance  which  has 
to  be  again  dried  thoroughly,  and  which,  even  after  being  submitted  to  the  several 
operations,  is  not  a  fuel  equal  to  coal.  It  is,  therefore,  a  very  great  improvement  in 
the  utilisation  of  peat-soil  that  the  peaty  matter  should  be  treated  in  a  different  manner, 
or  by  the  so-called  dry  compression  process,  as  carried  out  by  Gwynne  and  Exter. 
Accordiug  to  this  method  the  peaty  mass  is  first  deprived  of  its  natural  excess  of  water  by 
means  of  a  hydro-extractor ;  next  pulped,  and  this  pulp  dried  by  artificial  means ;  the 
material  obtained  is  ground  to  powder,  which  is  finally  moulded  with  the  aid  of  strong 
pressure  and  the  simultaneous  application  of  heat.  The  peat  thus  prepared  is  of  a  deep 
brown-black,  a  hard,  stone-like  material,  excellently  suited  for  use  as  fuel,  especially 
for  manufacturing  and  metallurgical  purposes.  Another  process  of  peat  preparation  oon- 
sists m  first  cutting  and  drying  the  peat  in  air.  The  air-dried  peat  is  ground  to  a  coarse 
powder  and  then  dried  in  a  stove.  The  dried  peat  is  moulded  and  pressed  by  means  of  an 
eccentric  press,  heat  (50°  to  60**)  being  simultaneously  applied.  Peats  from  the  Kolber 
moor  (a),  and  from  Haspel  moor  (6),  thus  prepared,  were  found  to  contain  in  100  parts: — 

a.  b. 

Ash     ..     ..  4*21  8*34 

Water        ..  15*50  15*50 

Carbon      ..  46*98  49*8a 

Hydrogen  ..  4-96  4*35 

Nitrogen    ..  072.  g 

Oxygen      ..  27*63)  ^^ 

100*00  100*00 

*  There  ia  no  word  in  English  equivalent  to  the  Dutch  Veen^  a  term  applicabls  to  all 
toilB  which  consist  either  entirely  or  o\a«^^  ol  ^^QtbVj  xaaitet. .  There  is  no  eqaiTalsnl 
term  oImo  in  German,  but  thete  is  in  Oi^  D«!^ks^  «M.^x^'K^aai^aa^s^A4i2i&. 
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HMtthgBff<»etot  Peat.      The  combastibiUty  and  inflammability  of  peat  are,  owing  to  the 
large  quantity  of  ash  and  water  it  contains,  less  than  that  of  wood. 
According  to  Karmarsch  the  absolute  heating  effect  of: — 

100  kilos,  of  yellow  peat 

100       „        brown     „ 

100       „       hard 

100       „       pitch 

100  cubic  metres  of  yellow  peat  = 

100  „  brown     „     = 

zoo  „  hard       ,,     = 

100  .,  pitch      „    = 

These  results  agree  with  those  obtained  by  Brix.  Karsten  states  that  for  evapora- 
tive and  boiling  operations — 

2 J  parts  by  weight  of  peat  are  =  i  part  by  weight  of  coal. 
4    parts  by  volume         „         =1  part  by  volume      „ 

According  to  Vogel,  the  evaporative  effect  of  peat  is  the  following : — 

Water.  Evaporative  effect. 

Air-dry  fibre     10  per  cent  55  kilos. 

Machine-made  peat...  12 — 15    „  5'^>— 5*5 

Compressed  peat     ...  10 — 15    „  58 — 60 

New  Method  of  During  the  lost  twenty  years  peat  has  been  employed  for  the  preparation  of 
utiUiingPeat.  paraffin,  peat-creosote,  and  paraffin  oil.  As  far  back  as  the  year  1849,  Reece 
tried  to  utilise  Irish  peat  in  the  preparation  of  paraffin;  and  the  experiments  of 
Drs.  Kane  and  0' Sullivan  proved  that  i  ton  of  Irish  peat  yielded  about  1*36  kilos,  of 
paraffin,  9  litres  of  paraffin  oil,  and  4*54  litres  of  lubricating  oil.  According  to  Wagen- 
mann,  the  peat  of  the  Isle  of  Lewis,  Scotland,  yields  from  6  to  8  per  cent  tar,  and 
this  again  yields  2  per  cent  of  photogen  or  paraffin  oil,  1*5  per  cent  of  solar  oil,  and  0*33 
per  cent  of  paraffin. 

Carbonised  Peat. 

OtfboniMd  Peat.  In  many  parts  of  Germany,  and  of  all  countries  where  peat  bogs 
abound,  the  use  of  peat  as  fuel  is  out  of  all  proportion  to  the  enormous  quantity  of 
material  left  untouched ;  this  is  due  to  the  fact  tliat  peat  is  as  fuel  in  many  respects 
a  very  inferior  material.  Its  bulk  in  reference  to  its  heating  effect  is  very  large ;  its 
combustion  evolves  a  very  disagreeable  odour  and  pungent  smoke,  so  that  peat 
is  therefore  not  suited  for  heating  rooms.  On  this  account  peat  is  carbonised.  As 
peat  varies  greatly  in  composition,  the  carbonised  peat  or  peat-coke  also  varies,  and 
the  composition  of  the  peat-coke  may  be  represented  as  follows : — 

Superior  quality.  Inferior  quality. 

Carbon    86  34 

Hygroscopic  moisture 10  10 

Asn  ...     ...     ...     •«•     •.•     ...  4  5 

Nothing  is  known  as  to  the  absolute  and  specific  calorific  effect  of  peat-coke,  since 
no  experiments  have  been  instituted.  Ordinary  peat-coke  appears  to  approximate 
charcoal  in  its  specific  calorific  effect,  but  peat-coke  is  otherwise  inferior  to  charcoal 
because  it  is  less  dense,  and  cannot  on  account  of  its  dusty  ash  produce  an  intense 
heat.  Peat-coke  is  not  suited  for  fuel  in  blast-furnaces  or  other  metallurgical  opera- 
tions, but  answers  well  for  heating  steam  boilers,  «^^^t^\^&%  ^^sa^  ^sA  ^scss^^ks. 
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apparatus.  Bnt  peat-ooke  made  from  compressed  peat  is  a  highly  Taluahie  fael  hr 
metallargical  operations,  so  that  it  becomes  a  matter  of  importance  to  find  a  means  of 
compressing  peat  inexpensively.  In  Holland,  peat,  espedaUy  that  known  as  qnm 
turf,  or  hoogeveefiiohe  turf,  is  very  largely  used  for  industrial  purposes,  and  on 
account  of  not  containing  sulphur  is  used  at  the  Utrecht  mint  for  melting  silver  and 
gold. 

BrowH-Coal. 

Brown-coaL  This  mineral  fuel  is  also  the  product  of  a  peculiar  decomposition  tA 
wood,  but  the  decay  has  in  this  instance  been  more  complete.  It  is  not  easy  to  draw 
a  clear  line  of  demarcation  between  brown-coal  and  coal,  when  only  the  properties  (tf 
these  substances  are  to  be  considered.  Therefore  the  palseontological  and  geologicsl 
relatioDS  have  to  be  taken  into  account  when  it  is  required  to  estimate  the  valna  of  a 
fossil  fuel.  In  general  it  may  be  said  that  any  fossil  coal  of  more  recent  date  than 
the  chalk  formation  may  be  termed  brown -coal ;  while  aU  fossil  coals  found  below 
the  chalk  formation  are  really  pit-coal.  As  the  latter  contain  more  nitrogen  than  the 
former,  this  fact  may  be  utilised  in  testing  to  distinguish  between  pit-coal  and  brown- 
coal.  Brown-coal,  on  being  heated  in  a  dry  test-tube,  yields  fumes  which  exhibit  an 
acid  reaction,  because  brown-coal  is  somewhat  similar  to  cellulose ;  whereas,  if  the 
same  test  be  applied  to  pit-coal,  ammoniacal  fumes  are  given  off  (containing 
ammonia,  aniline,  lepidin,  &c.),  which  exhibit  an  alkaline  reaction.  When  finely  pul- 
verised pit-coal  is  boiled  for  some  time  with  a  rather  concentrated  solution  of  caustio 
potash,  the  fluid  remains  colourless:  but  when  brown-coal  is  similarly  treated, 
the  liquid  becomes  brown- coloured  by  the  formation  of  humate  of  potash.  This  test 
does  not,  however,  apply  to  tlie  brown-coal  found  in  the  tertiary  formation  of 
the  northern  slope  of  the  Alps.  £.  Richter  and  Hinrichs  state,  that  when  pit-coals 
are  dried  at  US'*,  and  caused  to  lose  a  very  small  quantity  in  weight,  this  loss  disap- 
pears again,  in  consequence  of  an  oxidation  which  takes  place ;  while  if  brown-coal 
is  so  treated,  the  subsequent  increase  in  weight  is  not  observed. 

According  to  tlie  various  degrees  of  decay,  several  kinds  of  brown-soal  are 
distinguished: — i.  Fibrous  brown-coal,  fossil  or  bituminous  wood,  lignite,  is  similar 
to  wood,  the  structure  of  stem,  branches,  and  roots  being  apparent.  2.  Common 
brown-coal  forms  compact  brittle  masses,  exhibiting  a  conchoidal  fracture.  3.  Earthy 
brown-coal  is  a  mixture  of  brown-coal  and  earthy  matter.  In  several  parts  of  Ger- 
many and  Uie  Austro-Hungariau  Empire,  brown-coal  of  excellent  quality  is  found, 
especially  suited  for  the  purpose  of  preparing  paraffin  and  paraffin  oils. 

Brown-coal  is  frequently  found  mixed  with  the  rhombic  variety  of  iron  pyrites.  When 
that  mineral  and  earthy  matter  predominate,  there  is  formed  what  is  termed  alum- 
shale,  under  which  name,  however,  is  also  known  a  kind  of  clay  mixed  with  bitumen 
and  iron  p3n-ites.  The  average  quantity  of  ash  contained  in  brown-coals  amounts  to 
5  to  10  per  cent.  The  ash  contains  cliiefly  alumina,  silica,  lime,  magnesia,  oxides  of 
iron  and  manganese ;  while  tlie  quantity  of  hygroscopic  moisture  in  freshly  dug 
brown-coal  may  amount  to  50  per  cent.  The  substance  contains  in  air-diy  state 
20  per  cent  water,  and  tlie  average  composition  of  brown-coal  may  therefore 
be  quoted  as : — 

Carbon      48 — 5^  P^''  ^^^^ 

Hydrogen i — 2 

Chemically  combined  water 31 — 32 

Hygroscopic  water zo 
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The  comhnstibility  of  browR-coal  is  less  than  that  of  wood,  while  its  inflamma- 
bility varies  between  that  of  wood  and  pit-coal.  The  heating  effect  of  brown^coal 
is  with — 
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„      conchoidal    „ 

»• 

20 

» 

0 

0*69 

0-88 

2050 

♦»            »•             j» 

»» 

20 

»» 

10 

0*62 

— 

— 

Kiln-dried  fibrons  brown-coal 

ff 

20 

»» 

0 

o"6i 

— 

2025 

ft            *>               »» 

♦f 

20 

»» 

10 

055 

— 

— 

„        earthy          „ 

»» 

20 

)» 

0 

076 

— 

2125 

»»            »i                »» 

t> 

20 

»> 

10 

0*69 

— 

— 

„       conchoidal    „ 

t> 

20 

9* 

0 

0-85 

— 

2200 

»»            t»               »» 

»» 

20 

«« 

10 

076 

— 

— 

It  appears  from  this  table  that  the  absolute  and  pyrometric  calorific  effect  of  air- 
dry  brown-coal  is  more  than  twice  that  of  kiln-dried  wood ;  and  this  remark  applies 
to  the  specific  calorific  effect  of  brown-coal,  which  is  more  than  twice  that  of  the  best 
wood. 

The  evaporative  effect  of  brown-coal  is  the  following : — 

Water.  Ash.  Evaporative  effeoi. 

Bohemian  brown-coal  287  per  cent  10*6  per  cent.        5*84  kilos. 

Bituminous  wood     ...  237        „  39      ,»  576    „ 

Earthy  coal       47*2        ,.  48      „  5*55    „ 

Lump  coal        477        „  31      „  5*08    „ 

Brown-coal  as  FaeL  BrowB-ooal  is  a  less  suitablo  fuel  and  its  applicationB  are  far  more 
limited  than  those  of  pit-coal,  for  brown-coal  cannot  be  used  in  those  cases  where  a 
caking  coal  is  required.  Brown-coal  is  useful  as  fuel  for  certain  chemical  operations — dis- 
tillation, evaporation,  Ao. — and  may  be  used  for  heating  rooms  in  dwelling  houses,  when 
burnt  in  well-constracted  stoves.  Earthy  brown-coal  is  not  well  fitted  for  use  as  fuel, 
unless  it  has  first  been  lixiviated  with  water,  moulded  into  bricks,  compressed,  and  dried. 
It  has  been  found  in  practice  that  brown-coal  freshly  dug  is  a  better  fuel  than  brown-coal 
which  has  been  exposed  to  the  air  for  some  time,  because  by  the  combined  action  of  air 
and  moisture,  even  when  the  material  does  not  contain  pyrites,  a  slow  combustion  takes 
place,  whereby  the  combustibility  of  the  material  is  greatly  impaired.  As  already 
observed,  from  brown-coal  paraffin  and  paraffin  oils  may  be  extracted. 

Pit-coal,  or  Coal, 

co«L  Iron  ores  and  coal  are  the  most  useful  minerals,  and  the  most  important  of  all 
inorganic  products  of  nature.  Without  coals  the  industry  of  the  world  as  now 
existing  would  have  been  simply  impossible.  Goals  supply  heat  and  are  a  source  of 
power ;  and  cheap  coal  is  a  most  important  incentive  to  extensive  industry. 

Coals  are  the  mummified  and  carbonised  remnants  of  an  ancient  flora  belonging  to 
a  former  phase  of  existence  of  our  globe ;  and  they  exist  as  a  distinct  geological  for- 
mation, which  extends  in  some  localities  over  an  area  of  several  sqiisx^  xsc^sRi. 
As  regards  the  mode  of  formation  of  coal  diSeient  Qi\;iVxn.o\A  «t^  ^soxtwoS^    ^\!>BSk 


•  •• 

5205 

5'25 

42-10 

•  •• 

60-44 

596 

3360 

•  •• 

66*96 

5'27 

27*76 

•  •• 

74'20 

5-89 

19-90 

•  •• 

7618 

5"64 

1807 

•  •• 

9050 

505 

4-40 

•  •• 

•  1        • 

9285 

3-96 

319 
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simplest  view  is  that  a  peculiar  kind  of  decay,  aidld  by  the  internal  heat  of  the 
earth,  and  modified  by  tlie  pressure  of  superincumbent  rooks  and  Bedimenttiy 
deposits,  has  taken  place  among  the  plants,  which  have  been  gradually  conTerted 
into  a  more  or  less  pure  carbon.  Hence  anthracite  is  a  nearly  pure  carbon;  while 
the  different  varieties  of  coal  whicli  contain  bituminous  and  volatile  matter  are 
less  completely  decayed.  Tlie  hydrogen  and  oxygen  escape  in  combination  with 
carbon  as  marsh-gas  and  carbonic  acid  and  as  petroleum.  Anthracite  must  be  viewed 
as  the  final  product  of  tlie  slow  process  of  decay  through  which  brown-coal  and  pit- 
coal  pass. 

Carbon.      Hydrogen.    Oxygen. 

v^euiuose      •••     •••     ••*     .*.     ...     •.• 

Peat  from  Vulcaire    

<LJ1  kxU  vC  ...         .*■         .«•         ...         ...         •■• 

Earthy  brown-coal     

Coal  (secondary  formation)       

jf\n wiiraciife    •.•     ...     ...     ...     ...     ••< 

The  most  important  explored  coal  deposits  in  Europe  are: — In  England:*  The 
South  Wales  coal  formation  extending  over  an  immense  area :  the  Staffordshire  and 
Yorkshire  coal  basins,  the  latter  of  which  stretches  to  the  Durham  and  Northun- 
berland  basins,  and  these  again  to  those  met  with  in  the  Soutliem  parts  of  Scotland. 
2.  In  Belgium :  The  basin  of  the  Maas,  near  Li^ge,  and  tliose  of  the  Sambre  and 
of  Mons.  3.  In  France :  The  basins  of  the  Loire,  of  Valenciennes,  of  Crenzot  and 
Blanzy,  of  Aubin,  of  Alais.  4.  In  Germany :  The  Silesian  coal  basin,  those  of  the 
Saar,  of  the  Ruhr,  a  tributary  liver  of  the  Rhine,  the  basins  near  Zwickau  and 
Plauen,  &c.  5.  In  Austria:  the  Bohemian  coal  basin  at  Pilsen,  and  those  of 
Brandau  and  Schlan.  The  largest  of  the  European  coal  deposits  or  basins  is  veiy 
small  compared  with  those  situated  in  North  America.  The  largest  of  the  American 
deposits  is  that  which  stretches  from  near  Lake  Erie  to  the  Tennessee  river,  throngh 
the  states  of  Pennsylvania.  Virginia,  Kentucky,  Tennessee,  and  known  as  the 
Apalachian  coal  field.  The  coal  fields  of  Illinois  and  of  Canada  are  not  much 
smaller. 

^^"'^^  co!l**"*°**  ^^^^  pyrites,  or  mundic,  as  the  pitmen  term  it,  is  in  the  tesseral 
or  in  the  rhombic  shape,  a  very  common  accessory  constituent  of  coal,  which 
by  being  impregnated  with  this  material  may  not  only  become  unfit  for  use  in 
certain  operations,  but  is  liable  to  crumble  to  dust,  as  is  the  case  with  many  kinds  of 
the  Welsh  coals  which  are  thoroughly  incorporated  with  pyrites,  because  the  pyrites 
on  coming  into  contact  with  air  are  oxidised  and  increase  in  bulk,  forcing  the 
coal  asunder.  This  oxidation  may  become  so  active  as  to  give  rise  to  spontaneous 
combustion  of  the  coal  even  in  tlie  seams.  Galena,  copper  pyrites,  and  black-jack 
(native  black  sulphuret  of  zinc),  also  occur  occasionally  in  coal.  Among  the  earthy 
minerals,  carbonate  of  lime,  gypsum,  heavy  spar,  clay,  ironstone,  and  blackband  (an 
iron  ore),  are  frequently  met  with. 

dnnfleauon  of  coaiM.  Abroad  eoals  are  classified  with  respect  to  their  behaviour  under 
combustion,  as — i.  Caking  coals,  which  on  having  been  reduced  to  powder  and  then 


*  The  yield  of  coals  in  great  Britain  is  annually  increasing,  for  in  i860  it  amounted  to 
So  miiiionf  of  tons ;  in  1868  to  104  nullions ;  in  1869  to  108  millions ;  and  in  1870  to  113 
miUiona  of  tons. 
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ignited  in  a  closed  crucible  to  red  heat,  cake  together.  2.  Sintering  coals,  the 
powder  of  which  agglutinates  without  fusing.  3.  Sandy  coals,  the  powder  of  which 
neither  cakes  nor  agglutinates  when  ignited.  In  England  coals  are  usually  classified 
as — I.  Gas  coal.    2.  Household  coaL    3.  Steam  coal. 

Comparing  the  elementary  composition  of  the  coals  with  their  chemical  and 
physical  properties,  it  appears  that  caking  coals  contain  a  bitumen  consisting  of 
carbon  and  hydrogen  ready  formed,  or  what  is  more  likely  formed  at  a  high  tem- 
perature. The  larger  quantity  of  oxygen  present  in  sintering  coals  causes  less 
bitumen  to  be  formed ;  while  in  sandy  coals  a  still  smaller  quantity  of  bitumen 
is  formed.  The  most  recent  researches  on  coal  disprove  the  opinion,  tl^t  with 
an  increase  of  the  quantity  of  oxygen  the  caking  should  decrease,  and  that, 
consequently,  the  coals  which  contain  the  largest  quantity  of  oxygen  should  be 
sandy  coals.  Coals  exhibiting  almost  the  same  elementary  composition  behave  very 
differently  when  exposed  to  heat.* 
Anthndu.  This  caxbouaceous  mineral  is  to  be  considered  as  the  final  product 
of  the  process  of  decay  which  has  converted  plants  into  coal.  Anthracite  is  found 
in  the  metamorphic  rocks  deposited  in  seams  between  clayey  slate  and  greywacke, 
also  between  deposits  of  mica  slate.  Anthracite  is  amorphous  and  thereby  distinguished 
from  graphite;  it  is  deep  black  coloured,  brittle,  exhibits  a  conchoidal  uneven 
fracture,  bums  with  a  scarcely  luminous  flame,  and  without  producing  smoke. 
It  does  not  become  soft  in  the  fire,  but  frequently  decrepitates. 
Jacquelain's  analysis  of  several  anthracites  led  to  the  following  results: — 

Carbon.    Hydrogen.    Oxygen.    Nitrogen.    Ash. 

From  Swansea 90*58 

Sabl6       •.•     87*22 

Vizille     94*09 

„    Is^re  Department,  France    ...      94*00 

Anthracite  is  an  excellent  fuel  for  many  purposes,  and  yields,  especially  with  the 
blast,  a  very  strong  heat.  It  is  therefore  largely  used  in  Wales  in  metallurgical 
operations,  for  burning  lime  and  bricks,  and  in  stoves  for  household  purposes. 
In  Pennsylvania,  anthracite  is  met  with  and  used  largely  in  the  reduction  of  iron 
ores. 

cydniiOoftL  In  addition  to  its  behaviour  under  combustion,  this  coal  is  charac- 
terised by  its  deep  black  colour,  ready  inflammability,  and  by  yielding  when  heated 
in  closed  vessels  a  compactly  fused  coke.  Designating,  with  Fleck,  the  quantity  per 
cent  of  carbon  in  ash-free  coaly  matter  as  C,  the  free  hydrogen  «s  Wx,  the  combined 
hydrogen  as  W,  the  oxygen  and  nitrogen  as  S;  then  (C4-(W4-Wx)4-S=ioo). 
Wi  is  found  by  calculation  on  the  supposition  that  8  per  cent  oxygen  holds  in  com- 
bination I  per  cent  of  hydrogen;  consequently  Wx=t;  and  this  deducted  from  the 
total  quantity  of  hydrogen,  gives  as  difierence  the  free  hydrogen  =W.  The  caking 
property  of  a  coal  is  due  to  the  proportion  that  upon  100  parts  of  carbon  there  should 
not  be  less  than  4  of  hydrogeni  Caking-coals  are  especially  suited  for  gas  manu* 
focture,  though  Fleck  designates  as  such,  in  the  widest  sense,  all  coals  containing 
upon  1000  parts  of  carbon  at  least  20  of  combined  hydrogen.  But  as  the  value  of 
such  a  gas-coal  depends  upon  the  free  hydrogen,  which  with  carbon  will  yield  volatile 

*  E.  Biohters  has  recently  described  a  method  for  the  comparative  determinaitaj^s^  ^V 
different  kinds  of  eoaL    See  Dingler's  Polyt.  Joum.,  vol.  i^s^^*  l*^* 


»» 


360 

3*8i 
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6*90 

1-85 

}t 
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hydrocarbons,  for  the  purpose  of  rendering  the  flame  luminous,  coal  containing  upon 
loo  parts  of  carbon  2  parts  of  combined  (or  fixed)  and  4  of  free  or  disposable 
hydrogen  may  be  considered  as  the  best  gas  coal  and  the  strongest  caking  coal. 

Because  they  contain  a  larger  quantity  of  hydrogen  than  other  kinds  of  coals, 
caking- coals  are  more  readily  inflammable  and  evolve  the  strongest  flame.  Strongly 
caking  coals,  however,  are  not  well  suited  for  use  as  fuel  by  themselves,  owing  to  the 
fact  that  by  the  fusion,  as  it  were,  they  undergo,  they  greatly  impede  access  of 
air  at  the  open  fire-bars.  Gaking-coal  is  an  excellent  fuel  on  the  forge-hearth, 
because  by  caking  together  it  forms  a  receptacle  for  the  blast  from  the  bellows,  and 
increases  the  heating  efiect.  The  peculiar  kind  of  small  coal  used  by  blacksmiths  is 
known  in  the  French  language  as  charhon  de  forge^  houille  marichale,  and  is  in 
England  termed  smithy-coal. 

Sandy-coal  is  the  poorest  quality.  It  contains  much  oxygen,  suffers  great 
contraction  when  converted  into  coke,  leaving  a  sandy,  small  cpke.  This  kind  of 
coal  contains  less  than  4  per  cent  of  free  hydrogen ;  it  is  used  as  fuel  for  boming 
bricks,  lime,  and  for  similar  purposes  where  a  cheap  fuel  is  required. 

Sintering-coal  exhibits  an  iron-grey  colour,  is  frequently  very  lustrous,  far  less 
readily  ignited  than  caking-coal,  often  contains  much  pyrites,  and  is  employed  where 
a  strong  and  lasting  heat  is  required.  It  is,  therefore,  used  industrially  on  the  large 
scale  as  a  steam  coal,  as  fuel  for  metallurgical  purposes,  &c.  This  kind  of  coal 
yields  only  a  small  quantity  of  gas,  and  when  burnt  for  coke  in  coke-ovens  it  is 
scarcely  changed  in  bulk,  yielding  a  loose  somewhat  porous  coke.  100  parts  of  the 
combustible  portion  of  this  coal  contain  less  than  4  parts  of  free  and  less  than  2  parts 
of  combined  hydrogen.  Some  kinds  of  anthracite  belong  to  this  class  of  coal ;  but 
the  real  anthracite  is  to  be  viewed  as  a  native  coke  produced  in  a  peculiar  manner, 
not  comparable  with  the  process  of  coke-making  as  carried  on  industrially. 

The  physical  properties  of  coal  may  be  judged  from  the  quantity  of  hydrogen 
contained,  and  we  find  that : — 

Caking  coals  contain  upon  100  C,  more  than  4  Wx,  less  than  2  W. 

Gtw  and  caking  coals  „  „  100  C,  „  „  4  Wi,  more  than  2  W. 
Gas  and  sandy  coals  „  „  100  C,  less  than  4  Wx,  „  „  2  W. 
Sintering  coals  „        „      100  C,    „      „     4  Wx,  less  than  2  W. 

Assuming  coals  to  contain  on  an  average  5  per  cent  of  hygroscopic  and  5  per  cent 
of  chemically  combined  water,  the  average  composition  is : — 

v^arDon    .••    ...    •*•    •••    ...    •••     •••    ...    •••    •••    •••    •••    05    70 

xiycLrogen      •••     •••     ...     •••     ••■     •«.     ...     •••     •••     •••     •••      S'^  4 

Chemically  combined  water  and  hygroscopic  water       13 — 23 

■f*B"  ---   •••   ••■   •*•   ...   •••   •••'  •.•   ••■   •••   .••   •••   •••      ^ 

The  composition  of  the  ash  varies,  greatly  depending,  not  only  as  regards  quality, 
but  also  the  quantity  of  the  constituents,  upon  a  variety  of  causes,  among  which  the 
geological  age  of  the  coal,  the  formation  in  which  it  is  found,  and  others,  have  great 
influence.  The  ash  consists  chiefly  of  an  alumino-silicate,  or  of  gypsum  and 
sulphuret  of  iron,  mixed  with  larger  or  smaller  quantities  of  lime,  magnesia,  carlMnio 
aoid,  oxides  of  iron  and  manganese,  with  very  small  quantities  of  chlorine  and 
iodine.  Ash  which  contains  much  alumina  and  Utile  silica  is  infusible.  Ash  oon* 
iaining  much  silics,  but  not  any  or  only  a  small  quantity  of  oxide  of  iron,  sinters^ 
but  does  not  fuse ;  but  aaih  whidi  coixVaioa  oii<^  oil  Vx^sn  ^s&d  alkaline  silioaAes  readily 


forms  a  dag.  and  may  give  rise  to  loss  of  fuel  by  enveloping  the  particles  of  coal.  The 
quantity  of  ash  found  by  incinerating  coal  in  a  small  crucible  varies  from  05  to  20 
and  30  per  cent.  By  washing  coals,  small  coal  especially,  a  portion  of  the  mineral 
matter  may  be  eliminated. 

Calorific  Effect.     The  Subjoined  table  exhibits  for  average  coals  tlie  calorific  effect, 
specific  gravity,  and  composition : — 


Anthracite. 

Caking  coal. 

Sintering  coal. 

Sandy  Coal. 

Composition : — 

Carbon        

85 

78 

75 

69 

Hydrogen 

3 

4 

4 

3 

Chemically    com- 

bined water   ... 

2 

8 

II 

18 

Hygroscopic  water 

5 

5 

5 

5 

AjkSilA       •••       •••       ••• 

5 

5 

5 

5 

Calorific  effect : — 

Absolute     

0*96 

093 

089 

072 

Specific       

144 

117 

116 

106 

Pyrometric 

2350" 

2300** 

2250*' 

2100** 

I  part  reduces  lead 

26—33 

23—31 

19—27 

21—31 

I   part  heats  water 

from  0° — 100 

60-5— 747 

5287 — 20 

4406 — 1*6 

50*0 — 7 10 

Sp.  gr 

1-41 

113— 126 

113— 130 

205— 134 

It  is  assumed  in  practice  that  the  heating  effect  of  a  good  coal  is  very  nearly  that 
of  wood-charcoal,  and  twice  that  of  dry  wood.  In  smelting  operations  the  heating 
effect  of  coals  is  taken  by  bulk  to  that  of  wood  by  bulk  as  5  :  i,  and  by  weight  as 
15:8.    According  to  Karsten's  researches : — 

100  parts  by  bulk  of  coal  in  tlie  reverberatory  furnace  =  700  parts  by  bulk  of  wood. 
100    „      by  weight    „  ,.  „  „       =250    „    by  weight  of  wood. 

In  boiling  operations : — 
100  volumes  of  coal  =  400  volumes  of  wood  =  400  volumes  peat. 

100  parts  by  weight  of  coal  =160  parts  by  weight  of  wood  =  250  parts  by  weight  of 
neat. 

"^''SfcSS^*"**'       T^^^  forms  the  most  important  industrial  investigation  which  caii 
be  made  with  coals.    In  order  to  ascertain  the  evaporativo  effect,  we  must  know — 
I.  The  quantity  of  hygroscopic  water  contained.    2.  The  quantity  of  ash  or  non- 
combustible  matter  it  contains.    3.  Tlie  composition  of  tlie  organic  matter. 

As  Hartig  s  experiments  have  proved  that  the  evaporative  effect  of  the  organic 
matter  of  coal  is  the  same  for  nearly  all  lands  of  coal  (=  8*04  to  8*30  kilos,  of  steam), 
the  evaporative  effect  of  any  given  sample  of  coal  can  be  ascertained  by  estimating 
the  quantity  of  water  and  ash  it  contains.  According  to  W.  Stein,  the  practical 
evaporative  effect  on  the  large  scale  may  be  taken  as  equal  to  two- thirds  of  that 
which  has  been  calculated  from  the  chemical  composition  of  the  coal.  The  practical 
evaporative  effect  of  the  coals  in  use  in  Southern  Germany  is,  according  to  laboratory 
experiments  and  experiments  made  on  the  large  scale,  the  following*. — 
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Ruhr  coals,  I.   quality 

Zwickau  black  pitch-coal,     I. 

«•  «»  »♦  *^*        >» 

Bohemian  coal,  I.        „ 

ni. 


»»       •» 


Saar  coal, 

Stocklieim  coal,  I. 


»* 


Ash. 

Praotieal 
eraporatiYe  effeet. 

S'oo 

7*20 

606 

6'45 

15*41 

5-6i 

660 

580 

690 

490 

1030 

4'20 

21-50 

606 

630 

272 

840 

3*86 

The  average  evaporative  effect  of  the  Hartley  steam  coals  is  14  lbs.  of  water  for 
I  lb.  of  coal. 

BogbMd  coftL.  Tliis  mineral,  also  known  as  Torbane  Ilill  coal,  found  in  the  neigh- 
bourhood of  Bathgate,  a  to^vn  situated  between  Edinburgh  and  Glasgow,  belongs, 
with  the  blattel-coal  of  Bohemia,  to  a  peculiar  fossil  fauna,  and  is  especially  suited 
for  the  manufacture  of  paraffin  and  oils,  owing  to  the  large  quantity  of  bituminous 
matter  it  contains.  Boghead  coal  is  now  solely  employed  in  Uie  preparation  of 
paraffin  and  oils ;  and  the  supply,  which  is  very  limited,  because  the  seam  is  almost 
exhausted,  has  been  secured  by  Mr.  Young,  of  Bathgate  Works. 
100  parts  of  Boghead  coal  contain : —  ' 
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Oxygen 
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Boghead  coal  was  formerly  employed  for  gas  making,  i  ton  yielding  15,000  cubic 
feet  of  a  higlily  illuminating  and  very  durable  gas.  Many  varieties  of  the  Scotch 
cannel-coals  are  suitable  and  are  used  for  tlie  preparation  of  paraffin  and  oils,  and 
have  therefore  so  greatly  increased  in  price  that  these  coals — the  Wemyss,  Rigside, 
and  others — are  now  seldom  employed  for  gas  manufacture. 

Petroleum  as  Fuel. 

Petroienm  M  Fad.  Native,  as  Well  as  artificially  prepared  petroleum,  is,  under  certain 
conditions,  a  very  valuable  heating  material.  The  sp.  gr.  of  this  oil  varies,  at  o% 
from  0786  to  0*923,  while  its  coefficient  of  expansion  for  i**  varies  from  000072  to 
0*000868.  Tlie  experiments  as  to  tlie  application  of  petroleum  as  fuel  for  marine 
purposes  in  ^Vmenca  have  proved  tliat  petroleum  is  three  times  more  efficient  than 
coal:  and  as  the  complete  combustion  of  petroleum  does  not  produce  smoke,  but 
simply  evolves  caibouic  acid  and  watery  vapour,  a  tall  chimney  is  not  required. 
Coals  may  be  burned  in  marine  boilers  witli  tlie  same  effect,  proved  by  a  series  of 
experiments  made  about  fifteen  yeai*s  ago,  on  tlie  large  scale,  by  the  late  Dr.  Kich- 
ardson,  of  Newcastle-upon-Tyne,  in  conjunction  with  Messrs.  J.  A.  Longridge  and  Sir 
WilUum  Armstrong.  As  petroleum  contains  14  per  cent  of  hydrogen,  the  condensa- 
tion  of  die  gases  of  combustion  yields  a\«ix^<&  f^tx^WX.'^  ol^n^Vfex  v^lacK  may  serve  for 
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feeding  the  boilers,  while  the  heat  thus  set  free  may  be  employed  for  the  purpose  of 
heating  the  feed-water.  According  to  H.  Deville,  there  is  no  difficulty  in  regulating 
tlie  supply  of  petroleum,  and  it  is  not  necessary  to  heat  it  previously.  According  to 
Fr.  Storer,  i  kilo,  of  crude  petroleum  evaporates  10*36  kilos,  of  water,  while  i  kilo, 
of  anthracite  coal  evaporates  only  5*1  kilos,  of  water.  The  theoretical  evaporative 
effect  of  the  purest  petroleum  is  18*06  kilos.,  as  may  be  deduced  from  the  percentage 
composition  of  petroleum,  viz. : — 

C     ...    o'86     ...      8080=6948 

H    ...    014    ...34.462=4824     .^     ,,     ^     II:L7?  =  1806 kilos. 

11,772  units  of  heat ;       5^2 

The  heating  effect  of  different  kinds  of  petroleum  has  been  ascertained  by 
H.  DeviUe  (1866 — 1869)  to  be  as  follows: — 

Heavy  oil  from  West  Virginia     

Li*(ht  oil  from       „  „  

Light  oil  from  Pennsylvania       

Heavy  oil  from  Ohio     

Oil  from  Java  (Rembang)     

Oil  from  Java  (Cheribon)     

Oil  from  Java  (Soerabaya)    

Petroleum  from  Schwab wiler  (Alsace i... 

Petroleum  from  East  Galicia       

Petroleum  from  West  Galicia      

Crude  shale  oil  from  Autun  (France)... 

More  recently,  R.  Foote,  Wyse,  Field,  Aydon,  H.  Deville,  Dorsett,  and  Blyth,  have 
eonstrncted  petroleum  furnaces  suitable  for  steam-boilers,  which  answer  the  purpose  well. 
Petroleum  lamps  are  used  abroad,  instead  of  spirit-lamps,  for  domestic  purposes,  viz., 
heating  tea-  and  ooffee-urus,  tea-kettles,  &o. 

Coke. 

coka.  By  coke  we  generally  understand  carbonised  coal ;  and  in  England  there  is 
no  other  description  of  coke  than  oven-  and  gas-coke,  referring  of  course  to  the  mode 
of  production. 

Coke  is  prepared  for  the  purposes: — i.  Of  increasing  or  rather  concentrating  the 
quantity  of  carbon  in  coal,  and  thus  to  obtain  a  fuel  which  will  peld  a  more  iiitense 
heat  tlian  coal.  2.  For  the  purpose  of  converting  coal  into  a  fuel  deprived  of  its 
volatile  constituents,  so  as  to  obviate  the  unpleasant  smell  emitted  by  the  combustion 
of  coal  when  used  to  heat  rooms  in  dwelling-houses.  3.  For  the  purpose  of 
converting  coal  into  a  fael  which  does  not  become  pasty  when  ignited,  coal,  in  con- 
sequence of  this  property,  being  unsuitable  for  use  in  blast,  cupola,  and  other 
furnaces.  4.  For  the  purpose  of  eliminating  from  the  coal  a  portion  of  the  sulphur 
contained  as  pjnrites.  Before  being  converted  into  coke,  coal,  and  especially  small 
coal  or  coal  mixed  with  slaty  shale,  fire-clay,  and  other  heterogeneous  mineral 
matter,  is  washed,  as  it  is  technically  termed,  the  operation  consisting  in  a  process  of 
purification  by  means  of  suitably  constructed  machinery,  and  the  aid  of  a  stream  of 
water,  the  rationale  of  the  process  being  that  the  mineral  matter,  which  is  about 
three  times  heavier  than  the  coal,  is  deposited.  The  machinery  in  use  for  this 
purpose  is  similar  in  construction  to  tliat  employed  for  washing  metallic  ores.  By 
this  method  of  purifying  coal,  the  quantity  of  ash  (^min^italm%X\xiY^\\.^Kk\^3«2B^^«aK%'^*^^ 
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reduced  from  lo  or  12  tt)  4  or  5  percent;  bntit  shonld  be  borne  in  mind  that  7  to  8  per 
cent  of  the  coal  is  lost  as  dust.  BeBsemer  has  raggeated  the  nse  of  a  aolnlioii 
of  chloride  of  calcinm.  bo  concentrated  that  the  coal  may  float  on  its  aai&ee,  while 
the  mineral  matter  will  aink.  The  residoea  of  coal-waahing  tat,j  contain  bo  modi 
iron  pjritcs  as  to  be  lit  for  nee  in  the  preparation  of  eulphnrie  acid  (see  p.  Z031. 

The  operation  of  coking  is  ciuTied  on  in  heaps,  in  ovens,  or  in  retorts ;  but  in  the 
latter  case  the  object  is  not  so  much  to  prepare  coke  as  to  obtain  gas,  tar,  and  other 
products  from  coal.  The  construction  of  coke-ovens  according  to  Knab'a  plan, 
admits  of  obtaining  from  tlie  coal,  tar.  ammoniacal  water,  and  other  volatile  prodnotB. 
OokM In  Hnpi.  This  method  of  ooavertinf;  coal  into  coke  is  veij  Einiilar  to  that  in  nie 
for  couTertiug  wood  into  charcoal ;  but  tlie  central  shaft,  i  to  i'5  metres  in  height,  is  m 
this  instanee  mode  o[  fire-bricks,  having  a  diameter  of  o'j  metre,  and  provided  with 
sereial  lateral  aix-holes,  Fig.  313,  bj  means  of  which  the  mass  of  coals  is  bronght  in 
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n  with  the  central  nhaft.  The  largest  lumpa  of  coat  are  plaeed  next  to  the  shaft, 
being  filled  np  with  small  coal,  technicoll;  termed  cinders  and  onlm.  At  the  bottom  (^ 
the  heap  channels  are  conntrncted  radiatiiig  towards  the  centre.  The  bottom  of  the  shaft 
is  filled  with  dry  wood,  which  is  kindled  from  the  top.  The  opening  at  the  top  is  not 
closed  with  the  iron  cover  fitted  to  the  shaft  as  long  as  any  emoke  from  the  smouldering 
coal  is  emitted.  When  no  more  smoke  isemitted.theait-ebannelBat  the  bottom  of  the  heap 
are  stopped  ^th  wet  sand  and  coal-dnst.  In  England  the  cooling  of  the  glowing  heap  is 
hastened  b;  pouring  on  cold  water,  whereby  a  greater  degree  of  desnlphnration  of  the 
ooke  is  obtained. 

oou^inonnL  In  the  present  daj  coal  is  converted  into  coke  almost  exclnsively  in 
ovens  conBtmcted  for  this  purpose ;  because  it  boa  been  fonnd  that  bj  the  nae  of 
ovens  the  operation  is  more  readily  conducted,  while  a  larger  qnantity  and  a  better 
quality  of  coke  are  obtained.  As  regards  the  construction  of  coke-ovens,  aome  aie 
so  built  that  the  gases  and  vapours  evolved  during  the  operation  of  coking,  escape 
withoat  being  utilised.  Others  again  are  so  arranged  that  the  combustible  gases  ve 
employed  as  fuel  for  coking  the  coal,  or  as  fuel  for  steam-boilers  or  other  pnrpoSM. 
This  kind  of  oven  is  constructed  with  or  without  admission  of  air.  To  the  latter 
class  belongs  Appolt's  coke-oven,  which  is  essentislly  similar  to  a  vertical  gas-retorti 
fitted  with  apertures  for  the  exit  of  the  evolved  gaseous  matter.  Other  coke-OTfliis 
again  are  so  constiucled  that  the  tar  and  volatile  products  of  the  dry  distillation  of 
the  coal  may  be  condensed,  collected,  and  utilised.  Knab's  coke-oven  is  thusarranged. 
Among  the  coke-ovens  of  older  construction  is  one.  Fig.  314,  in  use  at  the 
Gleiwitz  ironworks  in  Sileda.  a  is  the  body  of  the  oven  or  tdln,  with  lateral 
cip<?ntngB.  uno.  which  can  be  cloaeA  t^  iaiweBTa  or  iron  pings ;  similar  apertnreB  an 
Blade  in  the  bottom  of  ths  oven,    "nw  to?  cS  Oie  "^^a  »  tw!is*ft.,  ■wiHcyw  laigo 
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opening,  b,  which  aervaa,  as  well  as  the  lateral  doorwaj.  a,  for  tlie  iatruduction  of  the 
coals.  Tlie  large  lumps  are  placed  at  the  bottom  of  tlie  Iciln,  wliich  is  entirely  filled, 
with  (he  exception  of  a  email  apace  towards  the  lop  of  the  doorwa;,  left  fur  th^  pnr- 
pose  of  Uirowiug  in  ignited  coals.  The  doorw&j,  a,  is  hriclicd  np,  onlya  small  chuinel 
being  left  for  the  introdnotiou  of  the  ignited  coal,  /is  an  iron  pipe  for  carrying  off 
the  Tolatile  products  of  the  smouldering  of  the  cools  ;  J  is  an  iron  lid  fitting  tightly 
in  the  opening  b.  At  the  commencement  of  the  operation  all  the  openings  of  th« 
oven,  excepting  those  at/and  those  at  the  bottom,  are  closed;  and  aa  soon  as  there 
appears  at  the  lower  apertures  an  orange-coloured  glow,  these  openings  are  closed, 
and  those  of  the  next  row  opened,  and  kept  open  for  about  ten  hours ;  the  third  row 
of  openings  being  then  unplugged  and  kept  open  for  sixteen  hours;  finally,  the 
fourth  row  is  opened  for  about  three  hours,  after  which  the  oven  is  left  to  cool — all 
openings  being  plugged— 'for  twelve  hours.  The  door,  t,  is  then  broken  up,  and  the 
coke  drawn  from  the  ovenby  means  of  iron  rakes.  This  description  of  oven  contains 
35  to  40  cwts.  of  coal,  and  the  average  yield  of  coke  is  53  per  cent  by  weight  and 
74  per  cent  by  bulk.  Tlie  gasee  and  vapours  issuing  from  /  are  carried  to  a 
condenser.     I  cwt.  of  coals  yields  10  litres  of  tar. 

The  coking  of  small  coal,  culm,  eoal-dnst,  either  previously  washed  or  not. 
is  carried  on  in  ovens  similar  in  construction  to  those  used  for  bread-baking.  Small 
coal,  especially  of  the  caking  quality,  yields  excellent  coke,  and  in  many  instances, 
this  fuel  is  now  guaranteed  not  to  contain  more  than  6  per  cent  of  ash.  The  mods 
of  construction  of  coke  ovena  for  small-coal  coking  differs  in  varions  countries. 
Fig.  315  exhibits  a  vertical  section  of  such  an  oven  in  use  by  the  Leipzig-Dresden 
Boilway  Company.  The  coking-room.  a.  is  3*3  metres  high.  The  doorway,  d, 
I  metre  high  and  wide,  can  i>e  closed  with  aa  iron  door,  provided  at  the  top  with  four 
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air  holes.  The  chimney  stalk,  b,  is  rather  more  than  I  metre  high.  At  each  side  of 
the  doorway  an  iron  hook.  «.  is  fixed,  for  the  purpose  of  supporting  the  rakes  used 
by  the  labourers  when  drawmg  the  coke.  In  this  description  of  oven  50  Dresden 
bushels  *  of  small  coal  and  eoal-dust  are  converted  into  coke  in  seventy-two  bonn. 
The  ooke  obtained  is  very  compact ;  but  if  the  oven  be  lightly  filled,  a  more  spongy 
coke  is  the  result.  Rg.  316  exhibits  the  conBtmction  of  the  coke-oven  at  the 
Zankerode  colliery,  near  Dresden.  The  bottom  or  hearth  of  the  coking-kiln  is  of  a 
«ircnUr  shape  sli^tly  inclined  towards  the  doorway.     The  width  of  the  hearth 

*  I  Dresdan  brnhfl  •^  iQ^'%^!a«a. 
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IB  3-6  metres.    The  top  of  the  vnnlt  c  is  36S  metres  above  the  heitrth.     £  !•  are  two 
cliimnejs,  each  13  metres  in  height,  for  canying  off  the  volatile  product.     The  eut- 
iion  door  is  so  arranged  that  at  the  top  of  the  doonraj  an  opening  is  left  for 
the  admission  of  air  into  the  oven ;  <  is  a  hook  serving  the  purpose  mentioned  in  Ibe 
description  of  Fig.  314.     Fig.  317 
iria.  31D.  exhibits  the  vertit^  aeetioii,  and 

Fig.  316  the  gronnd  plan  of  the 
coke-ovens  in  use  at  the  coUieriei 
sitnated  in  tlie  Saar  district     The 
hearth  of  tlie  kiln  is  egg-ahaped, 
3  metres  long  and  2  metres  wide ; 
wliile  the  height  of  the  Idln  is  at 
moat  only  t  metre.    The  chimney, 
1 75  metres  high,  also  serves  for  the 
introduction    of  the    coals.      The 
^   _____         _  admission  of  air  to  this  oven  is 

--.3-—  regulated  by  a  channel  at  a  height 

of  o'3  metre  above  the  liesrth;  this  channel,  Fig.  318,  communicates  on  bothsidesof 
thedoom'Sf,  (,  with  the  outer  tur,  and  commnmcateB  by  means  of  the  channels,  000, 
with  the  interior  of  the  oven.  The  door,  (,  fits  rather  tightly  in  the  doorway. 
A  quantity  of  i  tn  i'25  cubic  metres  (firom  40  to  50  cubic  feet)  of  small  coal  is  c<m- 
verted  into  coke  witJi  this  oven  in  24  to  30  hours. 
Fio,  317. 


Among  the  coke  ovens  constructed  to  utilise  the  escaping  gases  and  heat  tor 
the  purpose  of  making  coke,  that  of  Appolt  deserves  notice  The  first  of  these  ovens 
was  built  in  1855  at  St.  Avoid.  This  coke-oven  is  diatmguiahed  from  those 
described  by  its  peculiar  shape,  which  la  that  of  a  vertical  shaft,  heated  externally, 
the  heat  being  supplied  by  the  ignition  of  the  gases  and  vapours  evolvedfrom  the  coala 
while  becoming  coked.  Fig  319  exliibits  a  vertical  section,  and  Fig.  320  a  horisontal 
section  of  this  oven.  In  order  that  tlie  lieat  may  reach  tlie  centres  of  the  shafts,  aa, 
tlieir  shape  is  that  of  a  parailelognun,  o'45  by  12  metres,  aud  4  metres  deep  ;  iz  rf 
such  sli^S  form  one  oven.  The  separate  shafts,  the  walls  of  which  oonsfst  of 
hollow  double  walla,  b,  are  connected  with  each  other  as  well  as  with  the  lining 
walls,  which  forms  a  series  of  intercommunicating  chaunels.  Every  compartment  is 
provided  with  an  upper  and  a  lower  apertore.  throngh  the  former  of  which  the  eoala 
we  introduced,  while  tlirough  the  latter — closed  during  the  coking  operation  with  an 
iron  trap  door — the  coke  is  withdrawn.  The  apertures««  in  the  brickwork  serve  ftur  the 
jiurpose  of  carrying  off  the  pftaeaani  vB:p(iuw«\iwAiMt'\i'ar(&'\a'iliftftlu»nnel«by  the 
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aid  of  tlie  air  mshitig  in  at//.  The  heat  produced  bj  tliis  combnsUon  cnnTerts  the 
coals  into  coke,  and  the  prodncts  of  the  combustion  are  earned  nff  Uirongh  the 
ohannelB  g  and  h.  The  dampera,  s.  serve  to  regulate  tlie  draught.  The  channels  g 
communicate  with  the  horizontal  channel,  t,  the  channels  h  witli  the  channel  j ; 
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the  channels  i  and  j  are  carried  into  tlie  clunmej  atalk  k  The  compartmenis  of 
the  kiln,  Fig.  319.  are  united  at  die  top  b;  a  contract) mi  of  the  bnckwork,  leaving  to 
each  oulj-  a  small  opening,  closed  by  a  caat-iron  lid,  fitted  vith  an  iron  tnbe  for  the 
purpose  of  convefing  a  portion  of  the  gases  aad  volatile  matter.    On  the  top  (tf  the 
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oven  nUsare  placed,  on  which  on  iron  track  runs,  laden  with  the  charge— 25  cwts.— 
for  each  compartment.  The  coala  are  dscharged  into  the  compartraenta  by 
opening  a  trap-door  in  tlie  bottom  of  the  truck.  Under  tlie  vaulted  brick-n-w't,'*, 
of  the  oven,  trucks  can  be  mn  for  the  pnrpone  ot  \i«vT\n  \i>&mi  VvW  •!!«&  «*«*- 
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In  order  to  set  the  oven  in  operation  dry  wood  is  thrown  into  the  compartments,  and 
this  having  been  kindled,  coals  are  thrown  upon  it.  The  interior  of  the  oven  anon 
becomes  hot  by  the  combustion  of  the  gases  issuing  from  the  openings  e.  When  the 
heat  of  the  oven  is  sufficient  to  effect  the  decomposition  of  the  coals  and  the  combus- 
tion of  tlie  volatilised  products,  the  compartments  are  charged,  the  iron  lid  being 
tightly  luted  to  tlie  top  with  clay.  Tlie  charging  is  so  conducted  that  the  twelve 
compartments  of  the  oven  are  filled  in  twenty-four  hours,  after  which  the  coke  in  the 
first  compartment  is  ready  for  being  drawn,  and  fresh  coal  put  in,  an  operation  which 
is  continued  every  second  hour.  As  may  be  expected  from  the  mode  of  construction, 
Appolt*s  coke-oven  is  rather  expensive  in  the  first  building,  the  cost  abroad  being 
about  j£6oo,  while  an  ordinary  coke-oven  may  be  built  for  £72  to  j9i20  ;  but  Appolt*8 
oven  yields  daily  about  240  c^vts.  of  coke — 66  to  67  per  cent  from  Dnttweil  coi||, 
which  in  ordinary  coke-ovens  yields  only  61  per  cent.  It  should  be  mentioned,  that 
with  Appolt's  ovens,  tlie  coke  from  the  inner  and  outer  compartments  is  not  of  the 
same  quality  and  compactness,  owing  to  the  higher  degree  of  heat  prevailing  in  the 
former. 

We  may  mention  briefly  the  following  oontrivanoes  for  preparing  ooke,  based  upon  the 
same  principle  as  Appolt's.  Marsilly^s  oven  is  covered  with  a  brick  arch,  oommnnieating 
with  a  flue  throngh  which  the  gases  and  vapours  are  carried  under  the  hearth  of  the  oven, 
and  by  burning  there  heat  it.  Jones's  oven  is  similarly  constructed,  but  with  the  differ- 
ence that  the  combustion  of  the  gases  and  vapours  is  made  to  take  place  in  tiie  coking 
kiln.  This  arrangement,  used  only  with  very  dry,  non-bituminous  coals,  certainly  assists 
the  coking  process,  because  the  air  is  heated  previous  to  entering  the  kiln.  Frommont*8 
double  cooking  oven,  in  use  on  the  Maas,  in  Belgium,  as  well  as  in  Westphalia,  and 
at  SaarbriJcken,  is  a  stage  oven,  so  constructed  that  the  gases  formed  in  the  lower  coking 
compartment  are  carried  through  channels  to  the  upper  hearth ;  thence  with  the 
gases  formed  in  the  upper  compartment,  are  conveyed  under  the  hearth  of  the  lower 
oven,  and  thence  through  lateral  channels  to  the  chimney,  so  that  the  heat  is  thoroughly 
utilised.  Gendebien's  coking-oven  is  distinguished  from  that  of  Frommont,  in  so  far  thai 
one  of  the  upper  coking  compartments  is  placed  over  two  of  the  lower ;  these  ovens  are 
chiefly  used  on  the  Sambre  (Belgium).  The  coke-ovens  according  to  Smet's  plan  are 
inclusive  of  the  principles  of  all  ovens  built  to  utilise  the  heat  of  the  combustible  gases. 

Dubochet's  coking-oven,  constructed  in  1851  by  Powell,  is  a  tubular  oven  with  doping 
hearth,  consisting  of  two  shallow  curved  parts  placed  one  above  the  other,  and  separated 
by  doors.  The  upper  part  is  the  distillatory  furnace  or  oven,  the  gases  and  vapours 
there  evolved  being  conveyed  under  the  oven,  and  burnt  with  admission  of  air,  the  heat 
evolved  by  this  combustion  serving  to  coke  the  coals.  The  coke  is  caused  to  fall  into  a 
cooling  oven,  from  which  it  is  removed  when  extinguished.  The  combustible  gasesevolved 
by  this  process  are  sometimes  employed  for  the  purpose  of  heating  a  steam-boiler 
belonging  to  the  coal-washing  machinery.  In  the  coke-oven  built  upon  Enab's  plan,  the 
gases  evolved  from  the  coal  are,  previous  to  being  burnt,  deprived  of  the  tar  and 
ammoniacal  water  carried  off  by  them.  For  this  purpose  the  gases  are  conveyed  to  two 
large  cylindrical  vessels  filled  with  coke,  and  in  whioji  nearly  all  the  tar  is  deposited ; 
thence  the  gases  are  conveyed  to  a  system  of  tubes  connected  with  water  reservoirs  for  the 
purpose  of  eliminating  the  ammoniacal  products.  The  purified  gases  are  then  conveyed 
to  the  furnace  to  be  there  burnt  from  a  large  circular  burner,  to  the  centre  of  which  air  is 
admitted.  The  necessary  motion  is  imparted  to  the  gases  by  bell-shaped  exhausters, 
which  draw  the  gases  from  the  furnace  through  the  purifying  apparatus  and  force  them  to 
the  burner.  According  to  the  statement  of  Gaultier  de  Claubry,  there  are  150  tons  of 
coal  converted  daily  into  coke,  in  eighty- eight  ovens  belonging  to  tiie  Society  de  Carbonisa- 
tion de  la  Loire,  near  St.  Etienne.    The  3rield  in  100  parts  is : — 


Coarse  coke  (large  lumps)  . .  70*00 

SmaU  coke 1*50 

Breeze 2*50 

Graphite       0*50 


Tar 4«oo 

Ammoniacal  water 9*00 

Gas X0-50 

Loss 1*92 


It  18  questionable  whether  the  ooke  t\iXL«  obtained  is  ec^ual  in  quality  with  that  obtained 
bjr  the  ordinary  coke-ovens ;  hecanae  expetiene^  i^Tor^e^  ^%\.  ^  QK:^L^  ^it^^sxed  in  dose 
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vessels,  is  rather  porous  and  less  anitable  for  use  on  locomotiye  engines  and  in  blast- 
fornaoes. 

Very  small  coal  and  dast  are  converted  into  coke  in  ovens  built  similarly  to  those  used 
for  baMng  bread.  The  large  quantities  of  refuse  coal,  screenings,  (fee,  formerly  waste,  to 
be  found  in  enormous  heaps  near  coal-pits,  and  to  effect  their  removal  being  frequently 
set  on  fire,  burning  for  month  after  month,  producing  huge  volumes  of  smoke,  are  now 
utilised  and  made  into  excellent  coke,  after  having  been  first  washed. 

The  coke  drawn  from  the  ovens  is  extinguished  with  water  or  under  ash.  The  former 
plan,  however,  is  most  frequent,  and  has  the  advantage  of  giving  to  the  coke  a  peculiar 
silvery  gloss.  There  is,  however,  more  than  one  objection  to  this  mode  of  extinguishing 
coke,  because  in  the  first  place  the  coke  absorbs  and  retains  some  water,  which  as  it  has  to 
be  evaporated  when  the  coke  is  burnt,  absorbs  a  portion  of  the  heat  generated  by  the 
combustion.  Secondly,  the  weight  of  the  coke  is  increased,  and  may  be  increased 
fraudulently  to  a  large  extent,  as  some  portions  of  the  coke — the  more  porous  lumps — take 
up  120  per  cent  of  their  weight  of  water,  while  the  dense  metallic  portion  takes  up  only 
t\  per  cent.,  and  the  coke  from  the  bottom  part  of  the  oven  13  per  cent.  On  an  average 
the  coke  takes  up  by  being  extinguished  by  water  6  per  cent  of  its  weight ;  but  cold  coke 
takes  up  when  thrown  into  water  hardly  half  as  much. 

propcruet  of  Coke.  Well  bumt  c«)ke  or  oven  coke,  is  a  hard,  uniform,  compact,  solid 
mass,  difficult  to  break,  and  not  honeycombed,  nor  very  porous.  Its  colour  is  black - 
grey  or  iron-grey,  with  a  dull  metallic  gloss.  Good  coke  should  contain  very  little 
sulphur.  All  the  sulphur  contained  in  coal,  chiefly  as  iron  pyrites,  cannot  be  com- 
pletely eliminated  by  the  coking  process,  as  tlie  sulphuret  is  only  reduced  to  a  lower 
degree  of  snlphuration.  In  the  north  of  England  it  has  been  found,  that  if  the  coal, 
even  when  highly  sulphurous,  is  first  treated  wdth  a  strong  brine  and  powdered  rock- 
salt,  a  coke  very  free  from  sulphur  is  obtained.  The  sulphur  in  coke  is  objectionable, 
from  its  action  upon  the  ironwork  of  the  furnaces,  the  fire-bars,  &c. 

Sd??v£*MiSiei.      '^^^^  average  composition  of  good  coke  is  the  following  :— 

Carbon        85 — 92  per  cent. 

.asn      •«•     •■•     •■•     •••     •••  3^^  5 

Hygroscopic  water    5 — 10 


»» 
»♦ 


Owing  to  the  great  density  and  compact  structure  of  coke,  and  the  fact  that  it  does 
not  contain  any  combustible  gases,  it  is  ignited  with  difficulty,  and  requires  for  kind- 
ling a  strong  red  heat,  witli  a  blast  for  continued  burning. 

According  to  a  series  of  experiments  in  Prussian  ironworks  with  coke  in  furnaces 
with  hot  blast : — 

i<x>  parts  by  weight  of  coke  =    80  parts  by  weight  of  charcoal. 
100      „        bulk  „       =  250  ..  „  „ 

Brix  found  that  a  coke  made  from  upper  Silesian  coals,  and  containing  59  per 
cent  of  wat^r  and  25  per  cent  of  ash,  yielded  for  every  kilo,  bumt  7' 15  kilos,  steam. 

Artificial  Fuel. 

Arufleiai  FueL  Under  this  name  we  understand  an  originally  pulverulent,  combus- 
tible fuel,  such  as  small  coal  or  coke,  breese,  sawdust,  refuse  wood,  dec.,  mixed  with 
tar  or  thin  clay  liquor,  and  by  strong  pressure  subsequently  moulded  in  the  shape  of 
bricks.  Compressed  peat  and  compressed  spent  tan  are  in  a  certain  sense  artificial 
fuel. 

perac  Under  tliis  name  is  known  an  artificial  fuel  first  prepared  from  calung  coal 
by  Marsais,  the  viewer  and  manager  of  some  collieries  near  St.  Etienne.  Tlie  small 
coal,  screenings,  dust,  and  other  refuse,  are  first  lixiviated  for  the  \kU£^-Q^  ^1 


730  CHEMICAL  TECHNOLOGY. 

removing  mineral  imparities,  such  as  gangoe.  day,  pjrrites,  kc.  The  purified  coal 
is  drained,  then  ground  to  powder  bj  suitably  constructed  mill-work,  afterwards 
dried  by  the  application  of  heat,  then  mixed  with  7  to  8  per  cent  of  thick  coal-tar, 
and  finally  moulded  into  bricks  by  the  aid  of  strong  pressure,  the  brick-shaped 
Jumps  weighing  each  about  20  lbs.  Pei'asisless  iragile  than  ordinary  coal,  and  being 
of  a  uniform  shape,  can  be  better  stored  than  coal,  taking  up  about  one-fifth  less  room, 
a  matter  of  considerable  advantage  on  board  steamers.  Similar  to  peras  are  the 
patent  coals  made  by  Wylam  and  Warlich. 

The  so-called  moulded  charcoal,  or  Parisian  coal,  introduced  about  fifteen  years 
ago  by  Popelin-Ducarr6,  is  an  artificial  fuel  composed  of  charcoal  refuse  with  coal- 
tar.  The  small  lumps  and  dust  of  charcoal  are  mixed  with  8  to  12  per  cent  of  water, 
then  ground  to  powder,  and  to  100  kilos,  of  the  powder  are  added  33  to  40  litres  of 
coal-tar.  Tliis  magma  is  thoroughly  incorporated  and  next  moulded  into  cylinders. 
These  are  dried,  and  finally  carbonised  in  a  muffle-furnace.  This  fuel  is  fkr  less 
firagile  than  ordinary  charcoal,  better  fitted  for  transport,  bums  better  tlian  coke,  and 
even  when  only  slightly  kindled,  continues  to  burn  in  air,  which  is  not  the  case  with 
coke. 

BriqMttM.  When  strongly  caking  coal  is  heated  in  closed  vessels  to  260**  to  400^ 
and  then  compressed  in  moulds,  the  result  is  the  formation  of  a  hard  brick-shaped 
fuel,  very  suitable  for  domestic  use  as  well  as  for  steam  production.*  It  has  been 
found  that  the  manufacture  of  briquettes  can  be  advantageously  combined  with  the 
preparation  of  tar  for  the  purpose  of  extracting  benzol,  carbolic  acid,  naphthaline, 
asphalte,  and  anthracen. 

Oftseous  Fuel, 

OMMuTacL  The  utilisation  of  certain  combustible  gases  and  mixtures  of  these 
gases  as  fuel  has  been  practically  solved  only  during  the  last  few  years,  although  in 
metallurgical  operations  the  idea  of  such  utilisation  is  of  more  remote  date.  The 
combustible  gases  used  on  tlie  large  scale  as  fuel  are  those  evolved  firom  blast- 
furnaces, and  from  coke-ovens  and  other  apparatus  in  which  these  combustible  gases 
are  formed  as  the  by-product  of  industrial  operations.  The  composition  of  the  Uast- 
fiimace  gases  varies  of  necessity  according  to  tlie  kind  of  fuel  used,  the  temperatore 
of  the  furnace,  the  shape,  build,  and  height  of  the  latter,  the  pressure  on  the  blast,  &e. 
The  combustible  gases  escaping  from  tliese  furnaces  consist  cliiefiy  of  carbonic  oxide, 
hydrocarbons,  hydrogen,  carbonic  acid,  nitrogen,  and  of  ammonia  where  coal  or  coke  is 
used  as  fuel.  The  so-called  generator  gases  are  those  combustible  gases  which  are 
evolved  firom  solid  fuel,  coke,  peat,  or  wood,  by  its  carbonisation  in  a  separated 
furnace,  kiln,  or  oven,  with  or  witliont  the  aid  of  a  blast.  These  combustible  gases  may 
be  utilised  in  various  ways  and  obtained  from  fuel  which  is  not  otherwise  applicable 
as  such.    According  to  Ebelroen  these  gases  are  composed  as  follows : — 

Generator  gases  obtained  from  : — 
Wood-charcoal.    Wood.  Peat.  Coke. 

Nitrogen 64*9  532  631  64*8 

Carbonic  acid 08  ii*6  140  1*3 

Carbonic  oxi«lc      ...     34- 1  345  22*4  33  8 

Hydrogen       02  07  05  o'l 

•  See  Th.  Oppler,  "  Die  Fabrikation  der  kunstlichen  BrennstofTe,  insbesondere  dcr 
gepreBsten  Kohlenziegel  odei  BxiqucUeE,*'  Berlin,  1864 ;  also  ••  Jahresbericht  der  ehem. 
Teobnologie,''  1864,  p.  760 ;  x866,  p.  33-^  \  i%6%,  \>.^oo. 
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There  has  long  been  in  nse  in  England  a  gas  mixture  obtained  by  passing 
high-pressure  steam  over  red-hot  coke  contained  in  retorts.  Siemens's  regenerative 
gas-fiimace,  described  on  pp.  24  and  273,  belongs  to  this  category.  Combustible 
gaseous  bodies  are  largely  utilised  in  metallurgical  operations,  puddling-fumaces, 
zinc-smelting,  &c. 

°*' pii5?M*i!*'  ^^  ^*^  ^^  ^^  years  been  frequently  suggested  that  a  cheap  gas 
should  be  manufactured  for  heating  purposes.  Li  Berlin  a  company  has  been 
formed  under  the  technical  guidance  of  C.  Westphal  and  A.  Putsch,  the  object  being 
to  prepare  gas  from  brown-coal  at  Fiirstenwald,  a  distance  of  about  38  kilometres 
from  the  city.  The  intention  is  to  construct  twelve  retort-houses,  each  to  contain 
seventy  furnaces  provided  witli  ten  retorts,  to  be  fired  as  in  Siemens's  regenerative 
gas-furnace.  The  purified  gas  is  to  be  forced  by  blowing-machines,  actuated  by 
steam-engines  of  360  nominal  or  500  indicated  horse  power,  into  a  main  pipe  of 
1*3  metres  diameter  constructed  of  boiler-plates  and  carried  above  ground  supported 
on  iron  pillars.  The  gas  will  be  collected  at  Berlin  in  twelve  gas-holders,  each  of 
750,000  cubic  feet  capacity.  The  pressure  of  the  gas  in  the  mains  and  service-pipes 
within  the  city  will  be  1*5  centims.  water-gauge,  in  order  tliat  pipes  of  smaller 
diameter  may  be  used.  According  to  Ziureck,  the  composition  of  the  gas  obtainable 
from  tlie  brown-coal  is,  at  a  sp.  gr.  of  05451,  as  follows : — 


Hydrogen 


Carbonic  oxide 
Marsh  gas 

Nitrogen 

Carbonic  acid  .. 


42  36  per  cent. 


•     *••     ••«     .*.     ...     4   (^o    , ,       y , 

«•«       ...        •••        •••        &X  37       **  V* 

...     ...     .,.     ••.       3  ^7     **       ft 

•        «••        ...        ...        ...  2  01        ,,  }, 

Condensable  hydrocarbons 109     „      „ 

A  gas  of  this  composition  will  answer  admirably  for  heating  purposes.  3000  cubic 
feet  of  it  are  in  heating  effect  equal  to  i  ton  of  brown-coal,  and  equal  to  I  ton  of 
pit-coal,  the  ton  being  equal  in  this  case  to  275  to  300  lbs.  The  price  will  be  7 Id. 
per  1000  cubic  feet,  so  that  the  heating  effect  yielded  by  it  as  compared  with  the 
price  of  a  ton  of  coals  will  be  about  4s.  6d.  The  works  are  constructed  for  an  annual 
production  of  9500  millions  of  cubic  feet  of  gas,  or  a  daily  supply  of  2}  millions  of 
cubic  feet. 

Heating  Apparatus,* 

warminff.  We  Understand  by  warming  tlie  heating  of  any  room  or  space  by  heat 
evolved  from  the  combustion  of  fuel.  The  room  or  space  may  be  an  apartment  in  a 
dwelling-house,  a  church,  a  steam-boiler,  a  glass-house,  a  hothouse  in  a  botanical 
garden,  &c.  It  is  the  aim  of  technology  to  apply  the  fuel  so  as  to  yield  by  its  most 
economical  use  the  greatest  amount  of  heat.  In  order  to  obtain  by  the  combustion 
of  fuel  as  nearly  as  possible  its  absolute  and  specific  calorific  effect,  the  combustion 
should  not  only  be  complete,  but  the  gaseous  products  should  suffer  the  highest 
degree  of  oxidation ;   in  other  words,  neither  smoke  nor  any  combustible  gases 

*  The  following  works  afford  very  valuable  information  on  this  subject  :*-C.  Sohinz, 
**  Die  Warme  Messkanst,**  Stuttgart,  1858 ;  E.  Pdolet, "  Traite  de  laChalenr,"  ^rd  edition, 
Paris,  1861-62,  3  vols ;  and  for  stoves  for  domestic  use,  "  Die  Badische  Geweroeseitung,'* 
edited  by  H.  Meidinger. 
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should  be  evolved.    The  practical  importance  of  this  principle  is  exliibited  by  the 
following : — 

I  part  of  carbon  yields,  wlion  burnt  to  carbonic  oxide,  2480  units  of  heat. 

I     „  ,,  .,         ,.  „         carbonic  acid,    8080      „  „  • 

In  order  to  obtain  complete  combustion,  the  fuel  should  be  supplied  with  the 
requisite  quantity  of  air.  wliilo  the  vitiated  air  should  be  carried  off  with  the  gaseouB 
products  of  the  combustion.  Tliis  supply  of  air  or  draught  can  be  assisted  artificially 
by  means  of  blast-  or  exhaust-apparatus ;  but  in  most  cases  the  draught  is  natural, 
i.e.,  produced  by  the  calefactiou  of  the  air,  which  becoming  specifically  lighter, 
ascends. 

All  heating  apparatus  consist  of  three  distinct  parts — the  iire- place  or  hearth,  the 
heating-room,  aud  tlie  chimney.  The  hearth  is  tliat  portion  where  combustion  takes 
place.  The  heating-room  is  tlie  portion  of  the  apparatus  where  the  heat  generated 
is  utilised,  and  the  chimney  is  a  cliannel,  usually  placed  in  a  vertical  position,  and 
often  connected  by  means  of  flues  with  the  heating-room  and  hearth — through  which 
the  gases  evolved  by  the  combustion  of  the  fiiel  are  carried  off,  and  a  dran^^t 
created  maintaining  nn  efficient  combustion  of  tlie  fuel. 

The  hearth  or  fire-place  may  vary  greatly  in  shape  and  mode  of  construction. 
The  most  primitive,  but  also  tlie  most  defective  kind  of  heartli,  is  that  on  which  the 
fuel,  usually  wood  or  peat,  is  placed  on  tiles  or  briclcs  under  the  chimney.  Such 
arrangements  are  still  in  use  in  many  remote  coimtry  places,  especially  in  the 
country  districts  of  Ireland  and  Scotland,  where  faggots  of  wood  and  peat  are  thus 
burnt.  In  this  manner  a  very  great  amount  of  heat  is  wasted  and  the  supply  of  air 
not  properly  regulated ;  tliere  is  an  excess  of  air  supplied,  and  hence  loss  of  fuel. 
The  air  required  for  the  complete  combustion  of  the  fuel  should  be  made  to  pass 
through  the  fuel,  which  for  that  purpose  is  placed  on  a  grating,  consisting  of  bars  of 
iron  or  fire-brick.  The  space  under  the  fire-bars  is  called  the  ash-pit,  tlirough  which 
the  air  is  supplied  to  the  fuel.  The  heartli  is  usually  provided  with  iron-doors, 
which  are  opened  when  fresh  fuel  has  to  be  introduced.  This  plan  is  accompanied 
witli  the  objection,  that  during  the  period  of  feeding  and  raking  up  tlie  fire,  a  large 
quantity  of  cold  air  enters  the  hearth,  and  causes  tlie  combustion  to  become  irregular 
and  much  smoke  to  be  produced.  The  use  of  the  so-called  stage  fire-bars,  placed  in 
the  manner  of  steps,  one  above  the  other,  is  not  attended  with  this  defect. 

When  the  fuel  contains  much  sulphur,  tlie  iron  fire-bars  are  soon  worn  out,  oiJiing 
to  the  formation  of  sulphuret  of  iron ;  in  order  to  prevent  tliis,  it  is  often  usual  to 
leave  a  layer  of  clinkers  and  slag  on  the  bars  for  tlie  purpose  of  protecting  them  from 
the  direct  action  of  the  fuel.  In  order  to  regulate  the  draught,  dampers  or  similar 
contrivances  are  fitted  to  the  flues,  cliimney,  or  funnel. 

a.  Heating  Dwelling  Houses, 

HMtinK  Dwelling  HouMs.  The  lieatiug  of  dwelling-houses  and  public  buildings,  halls, 
theatres,  churches,  &c.  (in  connection  witli  the  ventilation),  can  be  effected  in 
various  ways,  cither  by  radiant  or  conducted  heat.  According  to  the  construction 
of  the  heating  apparatus,  we  distinguish : — i.  Heating  by  flues.  2.  By  stoves,  or 
with  hot  air.  3.  Air  heating.  4.  By  means  of  steam  or  hot-air  pipes.  5.  Hot- water 
heating.     6.  Heating  by  means  of  gas. 

Dinet  HeiiUnfr.  Tlie  direct  heating  of  rooms  by  the  combustion  of  wood  and  other 
fuel  OB  an  open  hearth,  or  in  c\\&\i&n^-^a:^e^  «si<^  «s£k»\l  ^\.^Ne^  viithout  chimneyB,  it 
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undoubted!}'  the  most  ancient  and  primitive  metliod  of  heating.  In  the  centre  of 
tlie  huts  in  Ireland  and  the  Highlands  of  Scotland,  a  rongh  hearth  is  constructed, 
while  the  smoke  evolved  by  the  fuel  escapes  through  a  liole  in  the  roof.  In  some 
^arts  of  France,  Italy,  Spain,  and  Turkey,  rooms  are  heated  by  means  of  a  chaufing- 
dish  containing  burning  charcoal,  by  the  combustion  of  which  the  air  of  the  room  is 
vitiated,  becoming  unfit  to  be  respired  by  tlie  lungs.  It  is  evident  that  for  this 
reason  and  owing  to  the  risks  of  fire  this  mode  of  heating  is  very  dangerous. 

Chimney  HeaUng.  This  modc  of  heating,  in  general  use  in  England  and  tlie  larger 
towns  of  Scotland,  Ireland,  and  Wales,  is  of  ancient  use,  and  is  based  upon  the 
heating  of  the  air  of  tlie  rooms  by  the  direct  radiation  of  the  heat  of  the  fire.  It  is 
undoubtedly  the  most  imperfect  and  wasteful  method,  as  there  flows  into  the  chimney 
a  very  large  excess  of  air  above  that  required  fur  maintaining  tlie  combustion  of  the 
fuel,  the  consequence  being  that  strong  draughts  of  cold  air  are  felt  near  the  windows 
and  doors  of  the  rooms,  while  a  downward  cuiteut  of  air  is  frequently  created, 
causing  the  chimney  to  smoke.  Tliis  mode  of  heating  only  suits  countries  enjoying 
an  average  mild  climate  and  possessed  of  plenty  of  fuel.  It  would  appear  that 
among  the  reasons  why  this  mode  of  heating  is  continued  is  tlie  pleasure  of  seeing 
the  fire  and  of  warming  the  feet  by  it,  notwithstanding  that  the  otlier  parts  of  the 
body  remain  comparatively  cool.  Tlie  arrangements  of  the  method  of  warming  by 
tlie  radiant  heat  from  chimneys  are  in  the  most  primitive  form  the  following : — At 
the  lower  part  of  tlie  wall  from  which  the  chimney  is  built,  a  niche  or  recess  is 
constructed  in  which  the  fuel  burns ;  but  in  grates  of  better  construction,  the  recess 
is  not  very  deep,  and  less  contracted  where  it  issues  in  the  chimney,  wliile  frequently 
the  hearth  is  fitted  with  a  sliding  door,  and  a  valve  or  trap-door  in  the  upper  part  of 
the  flue  leading  into  tlie  chimney. 

In  order  to  utilise  a  portion  of  the  conducted  heat,  yet  still  to  leave  the  heating  to 
be  efiected  chiefly  by  radiation,  the  flow  of  hot  air  into  the  cliimney  is  to  some  extent 
intercepted,  so  as  to  foi*m  a  combination  of  the  methods  of  stove-  and  chimney- 
heating. 

stoTe  He«tin«.  This  mctliod  of  heating  is  in  general  use  in  the  colder  parts  of  the 
Continent,  in  America,  Canada,  &c.  A  well  constructed  stove  should  not  consume 
too  much  fuel,  the  combustion  of  which  should  be  complete,  while  the  heat  generated 
should  be  uniformly  radiated,  and  only  a  very  small  quantity  allowed  to  escape  into 
the  chimney.  As  a  stove  is  placed  at  some  distance  from  the  chimney,  tlie  radiating 
as  well  as  tlie  conducted  heat  is  utilised.  The  loss  of  heat  is  prevented  by  a  series 
of  flues ;  but  in  order  to  keep  up  a  sufficient  draught,  the  air  escaping  into  the 
chimney  should  have  a  temperature  of  at  least  75°.  The  fuel  is  generally  intro- 
duced into  the  stove  from  tlie  room,  altliough  some  kinds  of  stoves  are  so  constructed 
that  they  may  be  fed  with  fuel  from  the  outside  of  the  house  similarly  to  the  hot- 
house stoves ;  tliis  method  of  construction  entails  a  larger  consumption  of  fuel  and 
some  loss  of  heat. 

Stoves  are  made  of  cast-iron,  sheet-iron,  and  fire-clay.  Iron  readily  absorbs  heat, 
and  as  the  sides  of  the  stove  are  usually  not  very  thick,  the  heat  is  rapidly  and 
readily  dispersed.  As  iron  stoves  may  become  red-hot,  tHe  air  surrounding  the 
stove  is  chemically  changed  in  consequence  of  the  permeability  of  red-hot  iron  to 
carbonic  oxide  This  gas,  according  to  the  experiments  of  Deville  and  Troost,  1868, 
is  absorbed  and  evolved  by  red-hot  iron  to  0*0007  ^  0*0013  its  volume.  Fire- 
clay stoves  yield  a  very  uniform  heat,  given  off  ool^   ^^^Vj    v&il  5s:«3^s(»S^. 
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Compound  atovw  us  Uiom  in  witieh  the  hearth  la  made  of  caat-ir<.'ii,  on  w]>idi  it 
placed  a  sheet-iroa  column  clewed  at  the  lop.  and  pronded  with  a  latei-ftl  opening 
«ommnnicati]ig  bj  sheet-iron  pipe  with  the  chimney. 

We  distingaiah  according  U>  the  material  of  which  Btoves  are  eouslntot«d : — ■       > 
a.  Those  simply  of  iron. 
h.  Those  of  firc'clay. 
c.  Compound  atoTes, 
Iron  stores  are  usually  so  constmcted  that  the  lieat  generated  by  the  combnatioo 
of  U)e  fuel  is  rapidly  coramanicated  to  the  air  of  the  room.    The  heat  generated  ia 
fire-clay  atovea    is    communicated   to   the    great   mass  of   fire-clay  of  wliieh  the 
Stoves  are  constructed,  so  that  even  long  after  tlie  Bre  has   been    extingnisbed 
the  stove  continues  to  give  off  heat :  these  stoves  are  especially  need  in  Sweden 
and  Russia,  _ 

iienMnTH.  Tlie  conBtruction  of  these  stoves  varies  greatly.  When  m&de  of  cast- 
iron  the  shape  is  frequently  cyhndrical,  a  short  pipe  being  cast  on,  to  wliich  is  fitted 
a  sheet-iron  pipe  leading  tii  tike  chimney.  In  some  cases  the  length  of  this  pipe  is 
eonsiderabk,  in  order  that  the  heat  evolved  hy  the  combustion  of  the  fael  may  be 
better  utilised. 

Sometimes  iron  atovea  are  conntructed  with  an  outer  mantle  which  ia  pertoiated 
and  usually  eihibits  ac  omameutal  appearance ;  this  mantle  is  placed  at  some  few  inobei 
distance  from  tbe  inner  store,  in  wbich  the  combUHtion  of  the  fael  talies  place. 

Tbcne  Htoves,  made  of  a  pecnliar  Idnd  of  clay,  are  exteroally  glaied 
o-cnlled  Dntch  liJea.    The  conBtruction  of  these  B'  '  ----^— 


They  conBiet  of  a  leries  of  cbannela  made  o(  bomt  clay  and  pnt  together  with  a 
miituie  of  the  same  dav  nnbumt  and  gypBum.  The  thiokneBs  of  the  pipes  tonning  the 
channels  is  7  inches.  The  number  of  cbannels  or  flasH  is  fotir  to  six,  or  even  twelTt. 
The  BuBEian  stove,  Fig.  311  in  ground  plan,  is  fitted  with  six  flues.  Fig.  31a  ia  a  front. 
Fig.  313  a  side  view,  and  Fig.  314  a  vertical  Bectioo. 
Flo.  331.  a  is  the   vaulted   fire-place,  the  fiame   and  emob 

^— ^  evolved  by  the  combustion  of  the  fnel  being  oarriad 

^^^^^^H  upwardH  in  fine  i.  downwards  in  fine  2,  again  aj>- 

^^^^^P  wards  in  flue  3,  again  downwards  in  fine  4,  agUD 

upwards  in  fine  5,  and  again  downwards  in  flue  6, 
and  tbence  into  the  chimney  by  meana  of  an  iniB 
pipe  Qtted  to  the  stove. 

Each  of  these  stovea  has  a  separate  ohinuiey,  ■ 
tube  18  to  30  centimetres  wide,  earned  straight  up  t* 
above  the  roof  of  the  house.  Theae  narrow 
chimneys,  also  in  use  in  Edinburgh,  Olaagow,  and 
other  Scotch  towns,  are  constructed  of  fire-elaT 
tubes  fitted  into  the  stone  of  the  walla.  As  a  BaasJan 
store  is  really  intended  to  be  a  store  of  beat,  it  baa  to  be  hermetically  closed  at  sooo  ta 
the  flre  is  extinguished ;  thisiseaectedbytbe  following  contrivance,  termed  ia  the  Bosritn 
languBRe,  Wiiackke.  Near  the  junction  of  the  last  flue  and  the  stove-pipe  a  plate  of  east- 
iron.  Figs.  315,  316,  and  317,  is  fitted  to  the  stove,  the  plate  being  provided  m  thecasti* 
with  an  opening  of  31  to  24  centimetres  diameter.  This  opening  baa  an  iutoual  vertiMl 
flange  or  collar  of  1  centimetres,  and  an  external  vertical  flange  of  3  centimetres  hsi^rti 
An  iron  cover,  a,  Fig.  327,  flts  closely  on  to  the  inner  flange,  and  a  larver  oovar,  b,  fitt  oa 
to  the  outer  flange,  thus  seenring  a  tight  joint.  These  ovens  ate  neated  with  wool. 
which  is  sawn  into  small  blocks.  No  smoke  is  evolved,  beoanse  the  high  temperature  pre- 
vailing in  the  flues  consumes  the  smoke  completely,  and  the  wood  is  not  used  nnm  it  ii 
thoroughly  dry.  The  Swedish  stove  is  nsually  cylindrical  in  shape,  and  very  tall,  leaehinl 
nearly  to  the  ceiling  of  the  rooms.  The  flues  {four  in  number)  of  theae  storea  are  A 
rather  complicated  constrDCtion.  They  communicate  laterally  with  each  other.  Hi* 
chimney  pipe  is  placed  at  the  top  and  is  provided  with  a  damper,  closed  when  the  flre  it 
«ztiii£ii]she<].  The  luel,  dry  wood,  required  tor  one  heating  of  the  stove,  ia  put  into  tba 
•tor*  a(  one  charge,  and  when  the  Qoit^iwXuivi\i«a  «n«aad,  the  damper  and  tha  atora  itM 
mn  tightij  oloaed. 


ftnd  130  Tertioftl  aeotiom.     Tha  section  exbibiud  in  Fig.  319  ia  tLrongh  the  gronail  pUn, 
Fig.  3]i,  u  IndicBted  bj  the  dotted  line  i  1.  Tbe  seetioii  ahowu  in  Fig.  330  ia  Mcordiug  to  th« 
Fia.  jij. 


dotted  liae  bb  uid  ths  section  exhibited  in  Fig.  331  to  the  line  cc.  The  hearth  of  thia 
•tore  ia  oonitraoted  o(  iron  BnrroQDded  b;  a  burnt  el*;  mantle  or  box.  The  product*  of 
F18. 318.  Fio.  3*9.  Fio.  330. 
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Pio.  331. 


tbe  oombuition  ue  forced  Uirongh  a  cyliiidrical  tnbe,  of  11  to  18  oentim*.  widtli,  aoj 
UieoM  iune  into  the  Queu.  ThecomboBtionia  very  oomplete,  no  >aot  or  RDoke  being  tcfiDad. 
Thin  Htove  i»  diTided  into  two  eompuimentH  bj  meftui  of  a 

Tfiticnl  ToU  ;  and  hoiiiontal  ihetveB  are  fitted  to  tliia  wtU, 
thus  forming  b  icries  of  ctianneU  or  flaee,  throng  vhieh 
tbe  prodnctR  of  combnstion  ore  made  to  pasi.  The  length 
of  thcHe  flues  vnHi>8,  according  to  tht  sir^e  of  the  atore,  from 
g  to  10  ntetrea.  As  the  hearth  is  so  placed  as  to  be  ■  Mpa- 
rate  part  of  the  iitove,the  room  becomes  hpBted  as  soon  at  the 
fire  in  liRbted.  lu  the  lower  part  of  the  stove  a  kind  of  tir- 
hoatiiig  is  arrangpd,  becanse  bj  tvo  opemogB,  a  a.  Fig.  31I, 
eold  air  enters  and  becomea  etrongl;  bested  while  pasaiiic 
through  the  atove.  When  the  combustion  of  the  fnel  liasecawd 
the  damper  in  the  pipe  leading  to  tbecbimne^JBcloited;  the  clay  portion  of  tha  stove  hating 
then  been  BO  Btrungly  heated  that  one  firing  aiiBwers  for  a  whole  day.  b  i  b  is  the  biiok- 
work  foot  of  the  itove;  cc  are  aapporta  for  carr^'iiig  the  osst-iroii  bed-plate,  d  d,  of  tbe 
iron  hearth  ;  f  are  the  side  plates  ;  ff  tbe  top  plate  of  tbe  fire-room  :  0  is  a  tnbe  fitted  to 
tbe  top  plate,  and  intended  for  carryiuR  off  the  gases  and  other  products  of  the  eombni- 
tion  of  tbe  fnel.  On  tbe  top  plate  are  placed  fire-bricks  supporting  hh,  which  is  made  li 
boiler-plate,  and  provided  with  a  circular  hole  so  situated  as  to  be  tree  from  the  tube  f . 
On  this  iKiiler -plate  are  roofioi;  tiles,  whieb  reach  to  the  side  walls  of  the  stove,  and  ar* 
eoveted  with  saud  or  dry  ash.  I'IiIb  construction  is  neoessajy  for  the  poipoae  of  \^ 
Tenting  the  iron  beartb  iu  its  eipauHion  forcing  asunder  the  brickwork. 

The  vertical  partition  w^,  i,  is  built  ut  brick  ;  it  supports  It.  I  I  are  also  built  tt 
brick,  n  n  are  so  ^ort  that  each  of  the  openings  is  7  iuchea  distant  from  the  oppodtt 
aide.  The  smoke  is  carried  upwards  through  the  openinRs  o  o.  p  p  is  the  iron  pipe, 
which  communicates  with  tbe  chimney.  Tbe  beat  and  gases  generated  by  the  oombnatua 
ot  fnel  in  this  stove  proceed  from  the  hearth,  r,  through  9,  are  returned  by  t.  Sow  along  i, 
pass  through  the  opening  e  Into  the  Hue  n,  and  finally  into  tbe  pipe,  which  oommnnkatea 
with  the  open  air, 

Hensehel'e  stove,  conatmcted  to  bom  hrown-ooal,  deserves  notice.  Fig.  33a  •zhiUli  a 
vertical  aection,  and  Fig.  333  a  horizontal  sectioD  at  the  line  a  b.    This  ctove  ooniiata  ol 

Fio.  332. 


(wo  iron  evlinders,  the  onter,  o,  being  of  cast-iron,  the  inner,  b,  of  stont  sheet-lroa. 
Tbe  ODter  cylinder  is  auppoited  bj  &«  aaii.-pvl.,  c  d.  fitted  with  fire-bars  towwda  the  nppA 
md.     The  inner  iron  oyUnder  doet  uot.  TewsV  to  \.1ie  fete-\«J»,  bA-w  t\c«d  at  tbe  top  Vr 


WARMING,  737 

a  tightly-fitting  coyer,  p,  while  the  outer  cylinder  is  closed  hy  the  lid  h.  When  it  is 
intended  to  heat  this  stove  it  is  first  filled  with  brown-coal,  thrown  in  from  the  top  after 
removal  of  the  lids.  The  fuel  is  kindled  at  t,  through  k.  The  combustion  can  only  take 
place  on  the  fire-bars,  the  hot  air  flowing  upwards  between  the  two  cylinders,  and  thence 
into  It  the  iron  pipe  leading  to  the  chimney.  The  fuel  contained  in  the  inner  cylinder 
gradually  sinks  downwards  as  the  combustion  proceeds.  The  ash  is  removed  by  imparting 
motion  to  the  crossed  iron  bars,  m,  Fig.  333,  to  which  are  fitted  pieces  of  iron  passing 
between  the  fire-bars.  The  handle,  n,  projects  outside  the  stove.  Any  smoke  which 
might  reach  the  upper  part  of  the  stove  is  carried  off  by  the  pipe  0.  This  kind  of  stove 
having  once  been  filled  with  fuel  continues  to  supply  heat  for  forty-eight  hours. 
Meidinger,  of  Carlsruhe,  has  constructed  many  very  excellent  stoves  of  thJB  description. 

AirUaftUnff.  This  method  of  heating  is  effected  by  means  of  stoves,  but  is  dis- 
tinguished from  the  ordinary  stove-heating  by  the  situation  of  the  stove,  which  is 
in  most  cases  not  placed  within  tlie  space  or  room  to  be  heated,  being  within  a 
chamber  from  which  the  heated  air  is  conveyed  by  channels  to  the  space  intended 
to  be  warmed.  The  aim  of  air  heating  or  central  heating  is  to  heat  a  large  space 
uniformly  with  one  stove,  or  to  heat  by  means  of  one  fireplace  all  the  rooms  and 
apartments  in  the  same  building,  when  it  is  not  found  convenient  to  construct  fire- 
places in  each  apartment.  There  are  in  use  three  modes  of  air  heating,  which 
differ  from  each  other  in  the  method  of  ventilating  the  space  to  be  heated. 

(a.)  The  cold  air  enters  the  heating  apparatus,  becomes  warm,  and  is  conveyed  through  a 
pipe  or  channel  into  the  room  or  space  to  be  heated,  while  an  equal  bulk  of  vitiated  air 
escapes  from  the  imperfectly-closed  windows  and  doors. 

(5.)  The  heated  air  is  returned  to  the  heating  apparatus,  becomes  again  warmed,  and 
re-enters  the  room.  While  the  method  (a)  has  the  advantage  of  constantly  supplying 
fresh  air  to  the  room,  thus  creating  an  uninterrupted  ventilation,  the  method  (5)  has  the 
advantage  of  saving  that  quantity  of  heat  which  is  lost  in  the  efflux  of  warm  air  in  the 
first  method. 

(c.)  The  outer  air  becomes  heated  at  the  fireplace,  and  is  then  conveyed  to  the  room  to 
be  warmed.  The  vitiated  air  from  the  room  is  conveyed  through  a  flue  to  the  fire,  this 
air  serving  the  purpose  of  maintaining  the  combustion.  This  method  combines  all  the 
advantages  of  (a)  and  (6),  while,  with  constant  ventilation,  a  saving  of  fuel  is  effected. 

As  regards  the  methods  of  employing  air  heating,  we  distinguish  according  to  the 

construction  of  the  apparatus : — 

(a.)  Air  heating  by  means  of  a  mantle  oven. 
(b.)  Air  heating  by  means  of  a  heating  chamber. 

The  first  method  is  very  similar  to  ordinary  stove-heating,  and  only  distinguished 
from  it  in  the  respect  that  the  stove  is  surrounded  by  an  outer  mantle  of  bricks 
or  fire-clay  slabs,  some  6  to  8  inches  from  the  stove.  This  mantle  is  provided  with 
openings,  through  which  the  heated  air  escapes,  and  is  uniformly  distributed  through 
the  room. 

In  warming  with  a  separate  chamber  we  have  to  consider  the  form  of  the  chamber, 
a  small  vaulted  room,  built  of  brickwork,  and  containing  the  furnace.  The  heating 
chamber  should  be  comparatively  very  small,  so  that  the  heated  air  shall  be  carried 
as  rapidly  as  possible  to  the  room  intended  to  be  warmed.  The  channels  for 
carrying  off"  the  heated  air  are  placed  at  the  top  of  the  heating  chamber,  while  the 
channels  for  conveying  the  cold  air  are  situated  at  the  bottom.  The  space  between 
the  furnace  and  the  walls  of  the  heating  chamber  measures  from  12  to  16  centims., 
but  the  vault  is  elevated  i  to  1*3  metres  above  the  top  of  the  furnace. 

The  furnace  or  stove  is  the  most  essential  part  of  this  air-heating  apparatus.  It 
is  made  either  of  cast-iron  or  of  boiler  plate ;  and  as  regards  size  i  square  foot  of 
heating  surface  is  capable  of  heating  800  to  1000  cubic  feet  of  air.  Another  kind 
of  air-heating  apparatos  conaists  of  the  following  arrangement  :*-A  seriea  oC  to^^fc^ 
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of  cast-iron  tubes,  which  communicate,  are  so  placed  in  a  furnace  or  oven  that  coU 
air  enters  into  the  lowest  row  of  tlie  series,  while  the  heated  air  escapes  from 
the  upper  row.  Since  the  hot  air  having  become  specifically  lighter  always  tends 
to  rise,  it  is  clear  that  the  apparatus  should  be  placed  in  the  cellar  or  lowest  ro(»]i 
of  the  building  to  be  heated.    The  hot-air  pipes  should  be  as  vertical  as  possible. 

The  apertures  through  which  the  hot  air  gains  admission  to  the  rooms  to  be 
heated  are  best  situate  in  the  floor,  in  this  case  generally  a  double  one ;  or  the  hot- 
air  pipes  are  placed  in  channels  covered  with  an  iron  grating,  and  sometimes 
provided  with  a  damper  so  that  the  supply  can  be  regulated. 

Heating  with  hot  air  is  usually  attended  with  a  serious  defect,  viz.,  that  the  air 
is  exceedingly  dry  or  even  burnt.  This  defect  can  be  remedied  only  by  supplying 
air  with  aqueous  vapour  by  placing  in  the  current  of  hot  air  shallow  basins  filled 
with  water,  or  by  suspending  wet  sponges  near  the  pipes.  Dr.  von  Pettenkofer  has, 
however,  proved  that  these  expedients  do  not  quite  answer  the  purpose.  Air  heating 
is  not  very  suitable  for  dwelling-houses,  but  answers  best  for  public  buildings,  whidi. 
as  churches,  theatres,  and  concert  rooms,  require  to  be  only  occasionally  heated,  the 
defect  of  the  too  great  dryness  of  the  air  being  in  these  instances  counterbalanced 
by  the  watery  vapour  exhaled  in  the  process  of  respiration  by  the  persons  assembled, 
and  by  the  gas  lights. 

CidorifMM.  A  system  of  air-heating  by  means  of  so-called  calorif&res  has  become 
rather  general  in  the  United  Kingdom,  North  America,  Sweden,  Russia,  Holland, 
Belgium,  and  also  to  some  extent  in  Germany.  It  is  usually  employed  in  large 
buildings,  but  is  also  applicable  to  dwelling  houses.  Among  the  best  of  this  kind  of 
heating  apparatus  are  those  supplied  by  the  London  Warming  and  Ventilating  Com- 
pany, who  employ  the  modification  of  a  plan  successfully  introduced  by  Sir  Golds- 
worthy  Gumey  in  both  houses  of  Parliament.  Steam,  hot  water,  gas,  and  coal  or 
coke,  in  open  or  enclosed  fire-places,  are  equally  available  for  the  process,  while 
the  cost  is  less  and  the  efilect  greater  than  with  any  other  known  means.  The 
apparatus  are  successfully  in  use  in  St.  Paul's  Cathedral,  York  Minster,  eighteen  other 
cathedrals,  looo  churches  in  England,  and  a  large  number  of  government,  puUio, 
and  private  buildings,  and  mansions.  Abroad,  Hartmann  at  Augsburg,  Boyer  and 
Co.  at  Ludwigshafen,  Bacon  and  Perkins  at  Hamburg,  have  invented  more  or  less 
excellent  calorif^res.  Those  by  Keinhardt  and  Sammet,  at  Mannheim,  appear  to  be 
of  very  great  efficacy ;  they  are  so  contrived  that  the  fuel  is  thoroughly  burnt,  not 
even  any  soot  or  smoke  being  left,  while  the  air  is  rendered  agreeably  moist  by  the 
gentle  dripping  of  water  on  the  hot-air  gulls.  The  temperature  of  the  air  can 
be  kept  uniform  for  days  and  weeks  consecutively.  As  this  apparatus  if  used  in  a 
dwelling-house  is  placed  in  the  cellar  and  the  whole  house  heated,  there  is  no  dost 
nor  other  inconvenience  attending  the  ordinary  fire-places.  This  apparatus  con* 
Bumes  only  a  small  quantity  of  fuel,  and  requires  as  an  attendant  an  ordinary 
labourer.  In  the  air-heating  apparatus  invented  by  Boyer  and  Co.,  Ludwigshafen, 
now  in  use  in  many  large  buildings  in  Miinich,  Wiirzburg,  and  other  Bavariaa 
towns,  the  heating  pipes  are  not  made  of  wrought-iron  but  of  charcoal  cast-iron, 
while  the  dimensions  and  shape  are  so  arranged  as  to  expose  the  pipes  as  little  as 
possible  to  ii\jury  from  the  fire,  and  yet  to  afford  a  large  heating  surface.  For  eveiy 
kilo,  of  coals  hourly  biunt,  2*5  square  metres  of  heating  surfiEice  are  present  In  ordflr 
thoroughly  to  utilise  the  heat  of  the  products  of  combustion,  these  produots  are 
caused  to  pass  througli  a  aexiea  ol  iqiv^«,  ^m*^  ^i  ^^ihich  are  coated  with  a  smooth 
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layer  of  mortar,  for  the  purpose  of  preventing  loss  of  heat  by  radiation.  The  heat 
of  the  products  of  combustion  escaping  into  the  chimney  is  below  ioo°;  and  these 
products  consist  only  of  wateiy  vapour  and  carbonic  acid.  In  order  to  render  the 
hot  air  supplied  by  this  apparatus  pleasantly  moist,  water  is  evaporated  with 
the  heated  air  at  the  rate  of  15  to  2  litres  per  100  cubic  metres  heating  surface. 

Fine  Heating.  This  mode  of  heating,  now  confined  to  hothouses  for  plants,  and  even 
there  superseded  by  better  methods,  consists  chiefly  in  carrying  the  products  of 
combustion  of  a  stove  or  furnace  through  a  series  of  pipes  which  are  placed  within 
the  room  to  be  heated,  and  are  at  the  opposite  end  to  the  furnace  connected  with  a 
chimney.  If  this  plan  is  adopted  for  heating  dwelling-houses,  the  furnace  is  placed 
in  the  cellar ;  but  experience  has  shown  that  this  method  of  heating,  except  in  the 
case  of  hothouses,  is  too  crude,  and,  moreover,  dangerous,  as  by  overheating  of 
the  flues  fire  may  ensue. 

Hoi-water  Heating.  Instead  of  heating  air  directly,  it  is  often  heated  intermediately  by 
water,  which,  owing  to  its  high  specific  heat,  is  eminently  adapted  to  this  purpose. 
This  kind  of  heating  is  known  as  hot-water  heating,  i  kilo,  of  water  at  100°  emits, 
while  cooling  to  20^  80  units  of  heat,  capable  of  heating  32  kilos.,  or  24*61  cubic 
metres  of  air  to  10''.  The  S3r8tem  of  hot- water  heating  is  based  upon  the  placing  of 
a  vessel  filled  with  hot  water  in  the  space  to  be  heated,  care  being  taken  to  keep  up 
the  temperature  of  the  water.  In  the  ordinary  hot-water  apparatus,  the  fluid  is 
never  heated  higher  than  its  boiling-point,  and  is  usually  kept  many  degrees  below 
that  temperature ;  hence  this  method  is  termed  low-pressure  water  heating. 
This  low-pressure  or  ordinary  hot-water  heating  is  maintained — 

a.  By  circulation  through  a  closed  boiler  which  is  heated. 

b.  By  circulation  and  syphon  action  between  an  open  and  a  heated  vessel. 

a.  In  this  method  there  is  fitted  to  a  boiler,  quite  closed,  a  series  of  pipes,  througli 
which  the  hot  water  is  conveyed  from  and  the  cooled  water  returned  to  the  boiler. 
The  principle  of  the  circulation  of  the  water  may  be  elucidated  by  Fig.  334.  The 
water  is  heated  in  a,  c  is  the  ascending  tube,  df  are  the 

tubes  through  which  the  water  is  returned  to  the  boiler. 
The  tube  e  serves  for  the  purpose  of  filling  the  apparatus 
with  fresh  water,  as  well  as  for  the  escape  of  any  air  or 
steam  which  might  be  evolved.    The  hot  water  ascending 
in  0  causes  a  circulation  in  the  apparatus,  which  when  once 
commenced  is  maintained  as  long  as  the  heating  is  con- 
tinued.   From  time  to  time  it  is  necessary  to  unscrew  the 
cap  at  e,  for  the  purpose  of  adding  a  small  quantity  of  water. 
Usually  e  is  provided  with  a  stop-cock,  which  admits  of  the 
introduction  of  a  funnel.    For  100  cubic  feet  of  space  to  be 
heated,  20  to  30  square  feet  of  heating  surface  are  required. 
The  heat  of  the  warm-water  apparatus  is  imparted  to  the 
rooms  through  stoves,  usually  made  of  sheet-iron.     These  stoves  are  cylindrical 
in  shape,  2  to  3  metres  high,  by  03  to  07  metre  diameter,  and  fitted  with  a 
series  of  pipes  in  which  the  air  becomes  heated  by  a  larger  hot-water  tube. 

b.  The  other  method  of  hot-water  heating  by  means  of  an  open  boiler  with 
syphon  action,  or  the  so-called  thermo-syphon  of  Fowler,  as  compared  with  the  first 
method,  has  the  disadvantage  that  from  an  open  boiler  a  considerable  loss  of  heal  ia 
unavoidable,  while  it  is  difficult  also  to  prevent  accumulation  of  ait  on.  tbs^  \s^g^^ 
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part  of  the  63rphon  tube.  The  height  to  which  the  tubing  can  be  carried  ia  in  this 
BTstem,  too,  limited  to  the  height  equivalent  to  the  atmospheric  pressure,  about  30  feet 
for  a  column  of  water. 

Perkins's  so-called  high-pressure  hot  water  system,  wherein  the  tempenlure 
of  the  water  in  immediate  contact  with  the  fire  is  raised  to  150°,  200*",  and  even  500% 
consists  of  a  closed  tube  iiUed  with  water.  One-sixth  of  the  length  of  this  tube  is 
coiled  and  placed  in  a  fiimace ;  the  other  five-sixths  are  heated  by  the  drculation  of 
the  hot  water.  The  tubes  are  of  malleable  iron,  capable  of  resisting  a  pressure 
of  3000  lbs.  per  square  inch.  More  recently  the  hot  water  from  native  hot  springs, 
or  obtained  from  bored  artesian  wells,  has  been,  as  for  instance  at  Baden-Baden, 
employed  for  the  purpose  of  heating.  At  Baden-Baden  the  hot  water  (67*)  from  a 
native  spring  is  used  to  heat  a  church. 

HttOing  with  stoftm.  This  method  of  heating  is  based  upon  the  latent  heat  contained  in 
steam,  i  kilo,  of  steam  at  100°  contains  so  much  latent  heat  that  by  it  5*5  kilos,  of 
water  can  be  heated  from  o''  to  100'*. 

A  steam-heating  apparatus  consists  of  a  boiler,  steam-pipes,  and  pipes,  which  re- 
convey  the  condensed  water  to  the  boiler.  The  boiler  may  be  constructed  in  the 
usual  manner.  The  steam  pipes  are  of  cast-iron  and  placed  vertically',  or  if  hori- 
zontally, with  a  gentle  slope  towards  the  boiler.  If  several  stories  of  a  building 
have  to  be  heated,  a  main  steam-pipe  is  carried  to  the  highest  story,  and  branch 
pipes  are  fitted  to  it.  The  pipes  are  here  and  there  fitted  with  air  valves  for  the  pur- 
pose of  permitting  the  expulsion  of  the  air  compressed  by  the  steam.  The  boiler,  if 
low-pressure  steam  be  used,  should  also  be  provided  with  an  air  valve,  in  order  to 
prevent  the  collapse  of  the  boiler  by  the  outer  atmospheric  pressure  if  the  generation 
of  steam  ceases.  Heating  by  means  of  steam  is  advantageously  applicable  in  works 
where  steam  is  used  as  a  motive  power. 

oombiiuition  of  st««m  and      Very  recently  it  has  been  proposed  to  combine  steam-  with  hot- 
Hot-waui"  Heating.       water-heatlug,  and  to  heat  from  one  central  locality  a  series  of 
buildings  and  houses,  in  the  same  manner  as  these  are  now  supplied  from  one  central 
reservoir  with  gas  or  water. 

OM-HMtins.  It  is  well  known  that  illominating  gas  is  now  very  generally  used  for 
the  purpose  of  heating,  being  in  this  application  best  mixed  with  air,  as  is  the  case, 
for  instance,  in  the  Bunsen  burner. 

Gas  is  used  for  cooking  in  stoves  specially  constructed  for  the  purpose,  and  also  for 
heating  apartments  and  buildings.  As  a  rule  it  may  be  assumed  that  the  combus- 
tion of  5  cubic  feet  of  gas  is  sufficient  to  elevate  the  temperature  of  1000  cubic  feet 
of  air  la"",  and  one-fifth  of  this  quantity  of  gas  suffices  by  its  combustion  to  keep  the 
temperature  constant. 

BMiinxwithont      There  is  no  doubt  that  an  inexhaustible  supply  of  heat  exists  as  latent 
oxdinaxj  FoaL    heat,  which  can  be  set  free  by  friction,  or,  in  other  words,  by  the  conversion 
of  mechanical  force  into  heat. 

Notwithstanding  many  mechanicians  have  oonstmoted  apparatus  for  producing  heat  by 
mechanical  force,  none  of  these  have  been  found  practically  available,  and  some  were  found 
to  be  extremely  wasteful.  The  heat  generated  by  the  fermentation  of  manure  is  usefully 
applied  to  heating  hothouses,  by  placing  tmder  the  manure  heap  thin  sheet-iron  pipes, 
wMoh  convey  the  heat  into  the  hothouse. 

P,  Boiler  Heating  and  Consumption  of  Smoke, 

B«!i«rBaatii«.      Steam-boilors  are  as  a  rule  built  in  brick- work,  and  in  their  eon- 

Btiuctiojif  as  well  bM  that  of  the  furnace  they  are  fitted  with,  economy  of  fuel  is  the 

great  object.    The  furnace  \b  oi  ooux^^3r(iVV\.m\k^T^-bara  and  ash-pit.    The  grate 
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or  fire-bars  consist  of  parallel  cast-iron  bars,  the  size  and  shape  of  which  depend 
upon  the  kind  of  fuel  to  be  nsed,  while  as  regards  the  space  between  the  bars  expe- 
rience has  taught  that  the  sum  should  not  amount  to  more  than  one-fourth  of  the 
total  surface  of  the  grate.  A  large  grate  has  the  advantage  of  more  freely  admitting 
air  to  the  fuel,  while  obstruction  by  clinker  and  slag  is  less  to  be  feared.  The 
operation  of  firing  with  a  large  grate  is  more  easily  conducted,  and  can  take  place  at 
longer  intervals  of  time.  Of  course  the  grate  must  be  kept  entirely  covered  with 
fiiel.  Small  grates  may  be  preferable  in  some  instances,  especially  where  a  vivid 
combustion  is  required.  Grates  for  wood  fuel  may  have  half  the  surfJEuse  required  for 
coal,  as  with  the  former  the  openings  between  the  bars  do  not  become  choked  with 
clinker  and  slag.  According  to  E.  Kochlin  a  grate  for  burning  in  one  hour  350  kilos, 
of  old  oak  wood  should  be  of  i  square  metre  surface  with  \  square  metre  for  space 
between  the  bars.  Usually,  however,  the  grates  for  wood  fuel  are  made  four  times 
smaller  than  those  for  coal. 

The  fire-place  or  furnace  should  of  course  be  constructed  of  sufficient  height, 
width,  and  depth  to  admit  of  the  proper  combustion  of  the  fuel.  The  fuel  should  be 
thrown  into  the  furnace  in  sufficiently  large  quantity  at  once  to  keep  up  the  steam 
adequately.  Too  frequent  firing  is  not  economical,  because  a  large  quantity  of  cold 
air  is  admitted,  which  cools  the  boiler  and  interferes  with  the  proper  combustion  of 
the  fuel.  The  dimensions  of  the  furnace  doors  must  bear  a  proper  proportion  to  the 
size  of  the  furnace,  and  these  doors  must  close  tightly  so  as  to  prevent  draughts  of 
air  impinging  on  the  burning  fuel. 

BnK^fl^oonsaming  "While  wc  canuot  hcrc  enter  into  any  further  details  on  boiler- 
furnaces,  a  subject  really  belonging  to  engineering,  we  may  now  turn  our  attention 
to  smoke-consuming  furnaces,  contrived  with  the  view  not  only  of  abating  the 
nuisance  arising  from  the  smoke  evolved  in  huge  volumes  from  large  factory  and 
other  chimneys,  but  also  for  the  saving  of  fuel,  it  having  been  ascertained  that  by 
the  ordinary  combustion  of  i  ton  of  coals  25  lbs.  of  soot  are  evolved,  having  a 
heating  power  of  four-fifths  of  the  coal.  The  loss  occasioned  by  the  carbon  thus 
carried  off  amounts  to  tIi^*  or  not  quite  i  per  cent. 

When  green  coals  are  put  in  quantity  on  a  bright  boiler  furnace,  there  is  suddenly 
evolved  an  immense  volume  of  combustible  gases  and  vapours  containing  a  large 
amount  of  carbon  (benzol,  toluol,  carbolic  acid,  anthracen,  naphthalin,  paraffin,  Ac., 
the  oxygen  of  the  air  contained  in  and  supplied  to  the  furnace  being  usually  insuffi- 
cient to  cause  the  complete  combustion  of  these  substances,  so  that  only  the  hydrogen 
bums,  while  the  carbon  is  separated  as  smoke  and  soot,  the  evolution  being  promoted 
by  the  comparatively  cool  state  of  the  boiler-plates,  as  well  as  by  the  large  influx  of 
cold  air  at  the  time  of  firing.  The  contrivances  for  preventing  and  consuming 
smoke  are  based  upon  different  principles;  for  instance: — a.  Air  is  sometimes 
conveyed  to  the  fire-bridge  by  means  of  a  separate  pipe  or  channel,  b.  Two 
adjoining  furnaces  are  connected  and  alternately  fired  in  such  a  manner  that  the 
smoke  of  the  furnace  last  fired  is  consumed  in  the  high  red  heat  of  the  other  furnace. 
c.  The  fresh  fuel  is  spread  over  only  the  frt)nt  of  the  fire  nearest  the  famace-door,  so 
that  the  evolved  gases  may  be  consumed  by  the  red-hot  fire  on  the  bars.  d.  The 
feeding  is  effected  by  mechanical  means,  uninterruptedly,  in  such  a  manner  that  the 
fuel  on  the  bars  remains  in  a  high  state  of  incandescence,  e.  The  construction  of 
yery  high  chimneys  has  been  resorted  to  for  the  purpose  of  supplying  a  rapid  current 
of  air;  but  this  expedient,  a  very  expensiYe  one,  does  not  answer  tK^^  Y^x^^Al^^%a^^ 
leads  to  loss  of  heat. 
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We  maj  mentioii  biieflj  the  following  smoke-preventing  uid  ooiminiiig  appt- 
nttae: — 

I.  Hechuiical  removal  of  tlie  smoke  t^  waaliing  the  prodoets  of  combnstton.  Is 
some  chemical  works  near  Newcastle-upon-Tyne  the  smoke  of  the  difibreitt  ftunaMi 
is  washed  bj  a  spray  of  water  previous  tA  being  passed  into  the  chimney.  For  tltii 
purpose  tlie  smoke  of  the  different  fumaceH  of  the  work  is  condneted  into  mbtar- 
ranean  brick-work  chaimeb,  bo  constracted  with  knee-bends  that  the  smoke  is  eanied 
to  flow  opwards  and  downwards  alternately,  while  at  the  month  of  tbe  famace-flna  ■ 
oontinnous  spray  of  water  is  caused  to  impinge  npon  the  smoke,  whereby  all  solid 
particles  are  thrown  down  and  are  removed  from  the  channels  as  soot.  There  is  in  this 
case  only  one  chimAey,  in  which  the  draught  is  kept  np  by  means  either  of  a  blast  of 
air  or  a  jet  of  injected  Steam.  Jean,  at  Parts,  has  somewhat  modified  this  method  by 
oaosing  the  smoke  and  waste  Steam  of  a  high-pressure  engine  to  be  convoyed  into  s 
subterranean  ciiannel  covered  with  a  layer  of  water  several  centimetres  in  depth, 
while  a  jet  of  cold  water  is  made  to  play  npon  the  smoke  and  steam.    The   channel 
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is  provided  with  a  kind  of  water-wheel,  which  does  not  quite  touch  the  surface  of  the 
water,  bnt  is  fitted  with  brashes,  which,  tonching  the  water,  project  it  aa  spiay 
through  the  channel.    The  water  becomes  heated,  and  servasofter  filtration  as  feed 

a.  Application  of  improved  fire-bars,  to  be  distinguished  as  (a)  immorable,  and 
(tj  movable. 
■utonu.  Among  the  Immovable  grates  are  the  step-  and  stsge-grotes.  The 
former  consists  of  a  series  of  step-like  stages  of  fire-bars,  to  which  the  poker  has 
access  from  the  ash-pit.  By  the  heat  of  the  fire  on  the  lower  steps  the  ftiel  on  the 
higher  ^p  is  converted  into  coke,  and  only  after  this  process  has  continned  for  some 
tame  is  the  partly-coked  fiiel  raked  down  to  a  lower  step,  while  fresh  green  ooal  is 
placed  on  the  higher.  The  oii  enters  this  kind  of  grate  not  only  through  ihe  space 
between  the  bars,  but  also  laterally  through  the  grated  space  between  the  steps. 
Gaking-coal,  or  coal  which  makes  mnch  slag,  does  not  answer  as  fbel  in  this  grate, 
but  small  coal,  refnse  peat,  sawdust,  Ac.,  are  well  adapted.  Instead  of  iron  fire-ban 
HM.  Longridge  and  Mash  make  use  of  slabs  of  fire-clay,  provided  with  chauneU 
and  portonHoai  so  as  to  constitute  a  grating. 


KtinDtttttaOnU-  This  iaamodification  of  the  grate  jn at  described,  ftnd  was  invented 
by  Langen  (1866).  The  green  fuel  is  not  placed  above  the  burning  fnel,  but  onder 
it.  for  which  parpose  the  grate  is  constmcted  in  stages,  the  fire-bars  being  inclined 
to  the  horizon  at  so  angle  of  about  28'.  There  is  between  each  etage,  or  stage,  of 
the  grate  a  space  of  about  ix  centime.  The  fuel  becomes  coked,  and  the  volatile 
products  pass,  mixed  with  air.  through  several  Btages  of  incandescent  fuel,  thus 
insuring  complete  combustion. 

MmBhanUL  The  leading  idea  of  these  grates  is  to  effect  the  firing  bj  mechanical 
means.    Among  these  the  chain  grate  and  rotating  grate  deserve  notice. 

ouiuonu.  Notwithstanding  Uie  expensive  nature  of  this  invention,  it  has  been 
found  useful  in  practice  and.  is  employed  in  many  establishmeuta.     It  consists 
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(Fig.  33sl  of  two  endless  flat  cboins  o  o  which  run  on  two  octo  geared  rollerB. 
Between  these  chains  the  Bre  bars  are  placed  longitudinally  so  that  the  grate 
consists  of  an  endless  senea  of  bars  The  distance  of  the  two  rollers  bom  each 
Other  determines  the  length  of  the  grate  A  rotating  motion  is  imparted  at  o  in  such 
a  manner  that  the  grate  moves  through  37  to  30  millimetres  per  mmnt«  The  £nth 
fuel  is  thrown  in  at  b,  and  is  carried  continuously  towards  the  fire.  The  height  of 
the  layer  of  fuel  is  regulated  by  means  of  the  slide'domper,  d,  which  can  be  moved 
by  means  of  the  lever,  p.  The  chains  and  rollers  are  supported  by  the  truck,  i, 
running  on  the  iron  rails,  H  H.  The  velocity  of  the  grate  is  so  regulated  tliat  the 
fael  is  entirely  consumed  when  arriving  at  the  end  of  the  fire-place.  There  are 
several  serious  defects  in  this  apparatus.  It  is  complicated,  soon  out  of  repair, 
requires  a  considerable  amount  of  force  to  maintain  its  motion,  and  it  does  not 
alt4^ether  prevent  smoke,  while,  finally,  it  is  found  wasteful  for  fneL 
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RoutiBf  oimt*.  Tills  contrivance,  inyenied  by  Collier,  consists  of  a  rotsting  diss 
which  supplies  the  coal  to  the  furnace  uniformly  through  a  slit  cat  below  the  fornaee 
doors.    This  apparatus  has  never  been  extensively  in  use. 

imi>roT«i  rnei  snppiy.  3.  Amoug  the  uumerous  suggestions  for  the  better  feeding  of  fur- 
naces are  the  folloT^ing : — 

Collier's  feeder  (1823)  consists  essentially  of  two  horizontal  cmBhing  ToUen 
provided  witli  projections,  so  that  the  coal  is  broken  up  into  uniform  lumps,  and 
then  thrown  into  the  fire  by  wheels  provided  with  scoops  revolving  900  times  a 
minute.  This  mechanism  requires  a  half  nominal  horse-power  to  maintain  its  motion. 
Stanley's  feeder,  Fig.  336,  consists  of  a  funnel,  a,  fitted  with  toothed  cmshiBg 
rollers.  The  crushed  coals  fall  on  the  distributor,  ft,  which  rotating  with  grett 
velocity  throws  the  coals  uuifurmly  ou  to  the  fire.  Notwithstanding  the  defects  of 
this  invention,  the  chief  being  that  it  is  not  possible  for  the  stoker  to  fire  hard  if 
required,  this  apparatus  certainly  prevents  smoke,  but  is  also  liable  to  be  qoickly 
out  of  repair. 

puu  Fim.  l^ilt  fires  were  first  introduced  by  Wedgwood  for  porcelain  fnmaoeSi 
The  characteristic  feature  is  the  mode  of  admitting  air,  which  instead  of  entering  as 
usual  from  below  is  forced  downwards.  The  grate  is  placed  in  a  sloping  position. 
Tlie  fire-doors  remain  open,  while  the  ash-pit  is  quite  closed.  This  arrangement 
fulfils  certainly  all  the  conditions  of  complete  combustion,  but  in  practice  has  not 
answered  and  is  only  applicable  with  wood  fueL 

Voffi't  Qnu.  The  fire-bars  in  this  grate  are  placed  at  an  angle  of  33**.  The  coals  are 
supplied  by  means  of  a  funnel,  and  the  bars  can  be  shaken  up  and  down  by  mechanical 
means. 

BoquiUon  H  Qn.%:  An  arrangement  of  rather  complicated  nature  intended  to  be  applied  to 
house  stoves,  and  so  constructed  that  the  green  fuel  is  brought  under  the  glowing  fueL 
The  grate  consists  of  a  horizontal  movable  cylinder,  upon  which  the  fuel  rests.  When 
fresh  fuel  is  added,  this  cylinder  is  turned  so  as  to  cause  the  fuel  to  be  placed  below  the  red- 

Apparatu!*  of  catier  hot  cluders.  lu  practice  this  grate  has  not  answered,  being  too  oompli- 
and  Qeorge.  csted.  In  many  oases  it  has  beou  attempted  to  feed  the  fires  in  an  ascending 
mode,  as,  for  instance,  in  Cutler's  grate,  improved  upon  by  Amott  in  1854.  I^he  coals 
are  burnt  from  an  iron  vessel  which  is  by  mechanical  means  lifted  over  the  fire,  the  supply 
of  coals  in  the  vessel  being  regulated  to  last  for  twenty-four  hours.  In  George's  apparatus 
the  fuel  is  supplied  to  the  grate  by  means  of  a  screw  propeller. 

AppantoH  with  cneqiud      4*  Among   the  apparatus  in  which  smoke  is  prevented  by  an 
Dirtribution.  unequal  distribution  of  fuel  on  the  grate,  that  of  Dumery,  deserves 

notice.  This  arrangement  is  distinguished  from  those  of  Cutler  and  George  by  the  fresh 
fuel  being  put  on  from  both  sides  of  the  grate  under  the  red-hot  cinders.  For  this 
purpose  the  grate  is  strongly  curved  upwards,  exhibiting  a  saddle  shape.  The  fuel 
is  forced  on  to  the  grate  by  mechanical  means  in  such  a  manner  that  it  is  first  pla<^  on 
the  lowest  fire-bars,  and  gradually  forced  towards  the  centre.  This  principle  was  known 
to  Watt  in  1785,  and  was  applied  by  him  in  a  slimting  prate. 

Tenbrinck  also  places  the  grate  in  a  sloping  direction,  so  that  the  coals  tumble  towards 
the  lire- bridge,  and  accumulating  there  as  incandescent  coke  cause  the  complete  combus- 
tion of  the  fuel.  In  Corbin's  grate  a  i>artition  of  lire-brick  is  employed.  Fairbairn  (1837) 
appears  to  have  been  the  first  to  contrive  smokeless  grates.  In  his  double  grate  the  fur- 
nace is  provided  with  two  hearths,  two  grates,  and  two  furnace  doors.  The  grates 
are  separated  from  each  other  by  a  partition  of  fire-bricks.  The  stoking  is  so  regulated 
that  while  the  one  furnace  is  in  full  combustion,  tho  other  is  supplied  with  fresh  fuel,  this 
operation  occurring  at  regular  intervals  and  alternately.  The  result  is  that  the  smoke 
and  gases  evolved  are  burnt  by  the  highly  incandescent  fuel  of  the  other  furnace.  De 
Buzonniere  contrives  to  force  the  smoke  of  one  furnace  under  the  incandescent  fuel 
of  the  other.  With  a  properly  regulated  supply  of  air  and  regularity  of  stoking,  it  has 
been  proved,  by  a  series  of  experiments  made  on  the  large  scale  with  a  40  horse-power 
marine  multi-tubular  boiler,  by  the  late  Dr.  Richardson,  of  Newcastle-on-T>'ne,  and  by  Messrs. 
Longridge  and  Sir  William  Armstrong,  that  with  all  kinds  of  coal  and  with  every  variety 
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of  steam  boiler,  smokeless  and  complete  combustion  of  the  fuel  may  be  obtained  without 
difficulty,  the  plan  being  attended  with  a  considerable  saving  of  fuel  and  production  of  its 
highest  calonfic  effect. 

b^^^^^d  o?  coifateraj  5*  Nearly  all  attempts  in  this  direction  have  proved  an  utter 
^  Air  currenu^  failure  in  practice.  Parkes's  (1820)  split  bridge  was  constructed  with 
the  view  of  causing  the  air  to  flow  partly  as  usual  under  the  grate,  partly  to  act  at  the 
end  of  the  furnace  so  as  to  effect  a  complete  combustion.  Palazot's  invention,  highly 
commended  by  Bumat,  Tresca,  and  others,  appears  to  be  somewhat  similar.  Chanter's 
arrangement  consists  essentially  of  two  grates  placed  parallel  to  each  other.  The  green 
fuel  is  put  upon  one  of  these,  and  having  been  coked  by  the  incandescence  of  the  fuel  on 
the  other  grate  is  raked  on  to  that,  thus  insuring  complete  combustion  increased  by 
lateral  jets  of  air. 

ooU'A Firopiac«.  Gall,  reversing  the  rule  that  the  dimensions  of  a  factory  chimney  should 
bear  a  proportionate  relation  to  the  quantity  of  fuel  to  be  burnt,  has  constructed 
chimneys,  the  highest  point  of  which  above  the  buildings  is  only  0*6  metre,  and  which, 
therefore,  simply  serve  to  carry  off  the  products  of  combustion.  As  the  difference  of 
temperature  is  the  cause  of  the  draught  of  a  furnace.  Gall  maintains  a  very  high  tem- 
perature in  the  combustion  room ;  and  in  order  to  carry  this  out  all  the  causes  of  loss  of 
heat  are  reduced  to  a  minimum  in  the  following  manner : — a.  While  in  the  ordinary  mode 
of  stoking  the  heat  of  the  combustion  room  is  necessarily  lowered  by  the  influx  of  cold 
air,  the  grating  in  Gall's  arrangement  is  partitioned  in  such  a  manner  that  each  compart- 
ment is  gradually  supplied  with  fresh  fuel,  by  which  arrangement  the  formation  of  smoke 
is  prevented.  6.  The  furnace  is  constructed  so  that  the  stoker  cannot  possibly  put  on  too 
heavy  a  charge  of  green  coals,  while  he  is  compelled  to  spread  these  uniformly  over  the 
Are.  c.  The  loss  of  heat  by  radiation  from  the  brick-work,  fire-doors,  (&c.,  is  prevented 
by  causing  the  air  required  for  the  combustion  of  the  fuel  to  pass  these  hot  surfaces. 
d.  Gall  retards  the  velocity  of  the  gases  which  escape  to  the  chimney,  while  the  surface  of 
the  grate  and  the  section  of  the  chimney  are  enlarged.  Indeed,  the  entire  arrangement  is 
quite  different  from  that  in  ordinary  use,  as  the  fire-bars  are  placed  3  metres  below  the 
boiler,  while  the  grate  is  very  deep.  It  was  found,  however,  that  when  well  built  there 
was  a  sufficient  draught,  and  steam  could  be  kept  up.  Nothing  is  stated  as  regards 
the  nature  of  the  gases  issuing  from  the  chimney. 

Rciiuin*;.  As  regards  smoke  consiiming  and  preventing  apparatus,  it  is  only  too 
evident  that  most  of  these  do  not  answer  the  purpose  so  completely  as  might 
bo  expected.  Practical  experience  has,  however,  taught  that  if  the  conditions 
of  complete  combustion  are  well  attended  to  in  the  construction  of  the  furnace,  that 
with  proper  management  and  regular  mode  of  stoking,  adequate  supply  of  air, 
and  the  application  of  the  well-known  means  of  preventing  loss  of  heat  by  radiation, 
with  coal,  peat,  or  any  other  fuel,  the  combustion  may  be  so  conducted  as  to 
be  smokeless  ;  and  at  the  same  time  the  fuel  thoroughly  utilised. 
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ACETATE  of  alumina,  263 
lead,  64 

Aoetometry,  468 

Adamantine  or  diamond-boron,  256 

Adnlten^n  of  white-lead,  72 

Aerostatical  lamps,  641 

Air  drains,  475 

—  gas,  674 
Alabaster  glass,  290 
Albumen  glne,  536 

Alkali  for  treating  gold,  106 
Alcohol,  424 

•—  and  its  technically  imx>ortant  pro- 
perties, 424 

—  Tmegar  from,  461 
Alcoholometry,  447 
Alizarine,  584 
Alkalimetry,  224 

Alloys   and  preparations   made  and 
obtained  from  metals,  4 

—  of  copper,  51 

gold,  109 

lead,  62 

nickel  and  copper,  41 

silver,  103 

^  plaUnnm,  96 
Aloe  hemp,  341 
Alpaca  wool,  495 

Alam  and  snlphate  of  almnina,  uses 
of,  263 

earths,  257 

roasting,  257 

—  flour,  258 

—  from  Bauxite,  259 

—  —  blast  furnace  slag,  260 
felspar,  260 

—  manufacture,  material  of,  256 

—  preparation^  257 

—  —  from  alum-stone,  257 
day,  258 

alum-shale  and  alum  eartbF, 

257 
— cryolite,  258 

—  productioii,  256 


—  properties  of,  260 

—  shale.! 
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—  works,  preparation  of  green  vitriol 

as  a  by-product  in,  32 
Alumina  acetate^  263 

—  sulphate  of,  261 
Aluminate  of  soda,  262 
Aluminates,  256 
Aluminum,  applications  of,  114 

—  preparations,  113 

—  properties  of,  113 


Amalgamation,  extraction  of  sUver  by, 
97 

—  process,  American,  98 
European,  97 

American  amalgamation  process,  98 

Ammonia-alum,  260 

Ammonia  and  ammoniacal  salts,  226 

—  as  a  by-product  of  beetroot  sugar 

manufacture,  236 

—  carbonate,  238 

—  from  bones,  235 

gas-water,  230 

lant,  234 

—  inorganic  sources  of,  228 

—  nitrate,  238 

—  preparation  of  liquid,  227 

—  sulphate,  238 
Ammoniacal  liquor,  666 

—  salts,  technically  important,  236 
Amorphous  phosphorus,  545 
Ananas  hemp,  341 

Aniline,  573 

—  bladk,  579 

—  blue,  578 

—  brown,  579 

—  colours,  575 

—  green,  578 

—  orange,  579 

—  printing,  614 

—  red,  575 

—  violet,  577 

—  yellow,  579 
Annatto  or  amotto,  595 
Annealing,  20 
Annular  kilns^  317 
Anthracen  pigments,  584 
Anthrachinon,  584 
Anthracite^  719 
Antichlor,  349 

Antimonial  preparations  in  tcchmcal 

use,  84 
Antimony,  82 

—  black  Bulphuret  of,  85 

—  cinnabar,  85 

—  oxide,  14 

—  properties  of^  84 

—  sulphuret  for  refining  gold,  106 
Apparatus  for  consuming  smok?,  74 1 
Apparatus  for  distilling,  432 
heating,  731 

Areometer,  447 

—  to  test  milk,  558 
Arrow-root  starohi  360 
Arsenic,  85 

—  add,  B6 
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Anenic,  red,  or  realgar,  87 

—  BolphnretSy  86 

—  yellow  Bulphnreti  87 
ArsenionB  add,  85 
Artificial  illamination,  617 
Asphalte,  484 

Assay,  dry,  103 

—  hydrostatical,  104 

—  of  silver,  103 

—  wet,  104 

Angsbnrg  method  of  mash-boiling,  410 
AUGUSTiN*8   method   of    silyer    ex- 
traction, 99 
Anmm  musiyxun,  mosaic  gold,  75 
Ayentnrin  glass,  291 
Azale,  587 
Azaleine,  575 
Azoline,  578,  581 
Aznrine,  578 

BALDAMUS    and    GsUNE's   gas, 
674 
Balling's  saccharometzical  beer  test, 

420 
Bandanas,  616 
Bar  iron,  20 

properties  of,  26 

Bark  of  oak,  509 

—  or  red  tanning,  509 

Bauxite,  preparation  of  alum  from, 

259 
Beer  brewing,  403 
materials,  403 

—  constitncnts  of,  418 

—  processes  of  brewing,  405 

—  testing,  420 

—  wort  fermentation,  405,  414 
Beet,  chemical  constituents  of,  368 

—  molasses,  382 

—  species  ^,  367 

»  washing  and  cleansing,  371 
Beet-root  juice,  components  of,  373 

evaporating,  380 

filtration  through  animal  char- 
coal and  evaporation  of,  374 

—  separating  the  juice  from,  371 

—  soda  from,  171 

—  sugar,  367 

manufactory,  ammonia  as  a  by- 
product of,  236 
Bell-metal,  51 
Benzol,  570 
Berlin  blue,  36 

soluble,  37 

Berlin  or  Prussian  blue  on  wool,  604 
Bbbthibb's  reduction  method,  700 
Bebzelius*s  indigo  test,  593 
Bessemer  steel,  27 
Bicarbonate  of  soda,  190 
Bismuth,  applications  o^  77 

—  Occurrence  and  mode  of  obtaining, 

76 
Bitmntti,  properticB  of,  77 


Bisulphate  of  sodiL  214 
Bitumen,  paraffin  from,  685 
Black-jack,  mode  of  obtaining  sine 

from,  79 
Black  platinum,  95 

—  suphuret  of  antimony,  85 
Blast,  blowing  engine  and,  12 
Blast-furnace,  chCTiieal  prooefls  going 

on  in  the  interior  oi^  13 

—  description  of,  11 

—  gases,  15 

—  process,  10 

—  temperature  of  at  different  pointiL 

15 
Blasting  powder,  new  kinds,  154 
Bleaching,  597 

—  glass,  270 
Bleaching-powder  and  hypoohlorite& 

214 

—  preparation,  214 

—  properties  of,  220 

—  theory  of  the  formation  of,  220 
Blistered  metal,  refining,  49 
Blowing  engine  and  hlSiit,  12 
Blue  vats,  602 

—  vitriol,  54 

applications  of,  56 

Boghead  coal,  722 

Bohemian  crystal  glass,  268 

Boiler  heating,  740 

Boiler  plate,  roUing,  24 

Bois  roux,  roasted  wood,  712 

Bombay  hemp,  341 

Bone-ash  decomposition  by  sulphuric 

acid,  538 
Bone-black  preparation,  553 

—  properties,  554 

—  substitute,  555 
Bones,  ammonia  from,  235 

—  glue  from,  532 
BOQUiLLON*s  grate,  744 
BoucHEBiB's  method  ef  mineraUsing 

wood,  477 
Boracic  acid,  formation,  250 

production,  260 

properties  and  uses^  261 

Borax,  252 

—  from  boracic  acid,  252 

—  octahedral,  255 

—  purifying,  254 

—  uses  of,  255 

Boric  or  boracic  add  and  borax,  249 
Brandy  distilling,  relation  of  to  agri- 
culture, 448 
Brazil  or  camwood,  588 
Brass,  52 
•—  tinning  of,  75 
Bread  baking,  451 

—  composition  of,  469 

—  impurities  and  adnlterationi  460 

—  making,  modes  of,  451 

—  Qven)454 
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BroDioii  greciif  56 
Slewing' by  steam,  418 

—  beer,  403 

—  piooesBy  bj  ^jrodnctfl  of,  423 
Biiok  mAterial,  311 

—  monldiDg,  312 
Bricks,  310 

—  and  lime  kilns  for  boming,  325 

—  field  boming  of,  318 

—  fire,  319 

—  floating,  318 

•—  from  dried  clay,  314 

—  the  burning  of,  315 
Brine,  boiling  down,  168 

—  oomnron  inlt  from,  168 

—  concentrating,  168 
Briquettes,  730 
Bromine  preparation,  193 
Bronze,  51 

Brown  coal,  691,  716 
Bamiiwick-green,  56 
Bnckthom  dyers,  596 
Burners  for  wood  gas,  670 
Burning  of  the  bricks,  315 
Butter,  558 

—  chemical  nature  of,  559 

CADMIUM,  82 
Caking  coal,  719 
Caldnisg  o^  roasting  the  ores,  48 
Calcium-soap,  249 
Calico  dyeing,  608 

—  printing,  612 

—  —  discharges,  611 

— •  —  resists  or  reserves,  610 

—  —  thi(d[enings,  610 
Ca'orifdrefl,  738 
Calorifio  effect,  698 
Cf^mpeaohy,  594 
Caiawood  or  Brazil,  588 
Candle  making,  627 
Candles  from  fatty  acids,  631 

—  light  from,  620 

—  moulding,  628,  633 

—  paraffin,  630 

—  sperm,  634 

—  stearine,  621 

—  tallow,  629 

—  wax,  6^1 
Cane-sugar,  864 
Caoutchouc,  484 

—  and  gutta-percha,  mi>.wure  of,  488 

—  production  and  oonsnmp  ion  of,  486 

—  lolYentB  or,  485 

—  Tulconised,  486 
Oapfule,  or  bagger,  301 
Carbdlic  add  dyes,  580 
Carbon,  211 

—  imparting  to   wrought-ironi    for 

iteel-mwng,  28 

—  snliMde^  210 
Carbonata  A  ammonia,  238 
potAM,  118, 121 


Carbonised  peat,  715 

Cardboard,  354 

Carinthian  oast-steel,  27 

Carmine-red,  589 

Carrara  and  Parian,  304 

Cartridges  of  needle-guns,  mixture  for 

igniting,  157 
Cassava  starch,  360 
Casein  as  a  cement,  562 

glue,  536 

Cashmere,  500 

—  wool,  495 
Casselmann*s  green,  57 
Cabsius's  purple,  111 
Cast-iron,  16 

—  crude,  re-melting,  18 

—  enamelling,  20 

—  grey,  16 

—  white,  16 
Cast-steel,  29 
Caustic  potassa,  133 

—  soda,  189 

Cement,    artificial,    manufacture    in 

Germany,  330 
Cements,  327 
— ■  artificial,  328 

—  lutes  and  p  itty,  491 
Cementation  process,  107 
Centrifugal  drier,  381 

—  machLie,  391 

Ceramic  or  earthenware  manufacture. 
293  ^ 

Cereals,  vinous  mash  from,  426 
Chair  grate,  743 
Chamber  acid,  206 
Charbon  ro  ix,  terrified  charcoal,  711 
Charcoal,  animal,  553 

—  —  Berlin  blue  as  a  by-product  in 

manufacture  of,  37 

—  burning,  706 

—  combustibility  and  heating  effect. 

711 

—  properties  of,  710 

—  revivification  of,  555 

—  sulphur  obtained  by  the  reaction  of 

sulphurous  acid  on,  198 

—  terrified,  or  charbon  rojx,  711 

—  wood,  704 
Chatham  light,  680 
Cheese,  559 

Chemical  metallurgy,  4 
Chestnut  starch,  360 
Chili-saltpetre,  iodine  from,  192 

—  preparation  of  nitrate  of  potassa 

from,  138 
Chimney  heating,  733 
Chinese  galls,  511 
China  grass,  340 
Chlorate  of  potassa,  223 
Chloride  of  sulphur,  211 
zinc,  81 

—  —  potassium^  11% 
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Ohlorine,  apparatni  for  preparing,  216 
Chlorine,  oondenainff  apparatni,  217 

—  pvqfMratiQn   wi&ont  manganese, 

215 

—  prodnotion  residaee,  ntUiaatioD,  218 
«—  resfdnesjothermeihodsof  ntiliaing, 

219 
Ohlorometry,  221 
OhloTomeirical  degreei,  222 
Chromate  of  lead,  64,  66 

—  —  rinc,  81 

Chromates  of  potassa,  applications  of, 

65 
Ohrome-alnm,  67 
Ghrome,  oxide  or  chrome  green,  67 

—  red,  66 

—  yellow,  66 
Oinchonine  pigments,  585 
Cinnabar,  91 

Clay,  kinds  of,  294 

—  pipes,  309 

—  preparation  of  alnm  from,  258 
for  brick-making,  311 

—  ware  dense,  296 

kinds  of,  296 

porons,  297 

Clays  and  their  application,  293 

—  colour  of,  294 
~  plasticity  of,  294 

—  teohniodly  imiwrtant  qualities  of, 

293 
Clinkers,  Dutch,  318 
Cloth,  bough,  washing  and  milling,  499 

—  dressing,  499 

—  fabrics,  600 

—  teasling  and  shearing,  499 

—  white,  606 

—  weaving,  499 
Coal,  717 

—  Boghead,  722 

—  brown,  716 

—  caking,  719 

—  accessory  constituents  of,  718 
Coal-tar.  666 

—  colours,  569 
Coal-gas,  646 

—  Berlin  blue  as  a  by-product   in 

manufacture  of,  37 

—  composition  of,  668 

—  manufacture  of,  648 

—  manufacture,  by-products  of,  665 
Coals,  calorific  efftet,  721 

—  classification  of,  718 

—  eYaporative  effect  of,  721 
Cobalt  and  potassa,  nitrate  of  prot- 
oxide of,  39 

—  bronze,  39 

—  colours,  37 

—  green,  39 

—  metallic,  37 

-—  protoxide,  chemically  poie^  39 

—  spex88,38 

—  ultramarine,  88 


CflBmlenm,  39 

Oochenille,  at  ooAineal,  689 

Cocoa-nut  fibre,  341 

Cocoon,  killing  of  tiie  pupa  in,  603 

Coke,  665,  723 

—  composition  and  Talne  m  faet^  729 

—  propBTties  of^  729 
Coking  in  heaps,  724 

—  in  orens,  724 
Collodion,  162 
ColorincL  588 
Coloured  fires,  157 
Colours,  aniline,  575 

—  coal-tar,  569 

—  topical,  or  tuzfaoe,  613 
Cohsaoil,637 
Common  pottery,  310 
Codlers  lor  water,  309 
Copper,  43 

—  alloys,  51 

—  amalgam,  54 

—  and  nickel  alloys^  41 

—  blistered  or  crude,  49 

—  from  oxidised  ores,  49 

—  hydrometallurgical  method  oif  pre- 

paring, 49 

—  ores,  treating  of  for  extraction,  44 

—  pigments,  56 

—  preparationB  of,  64 

—  properties  of,  60 

—  refining,  46 

—  smelting,  English  mode.  47 

—  solution  for  dectro-plating,  116 

—  stannate  of  oxide  o^  58 

—  sulphate,  54 

—  tinning  of,  75 

Copper-plate  engrayings,  reprodvcUony 

115 
Copperas,  31 
Coralline,  581 

Cordwain,  Cordovan  leather,  621 
Cordials,  preparation  of,  482 
Cork  x>ommels  to  raise  the  grain  of 

leather,  519 
Cotton,  342 

—  combing  or  carding,  342 

—  detection  in  linen  fabrios,  343 

—  fabrics,  343 

—  species,  342 

—  spinning,  342 

—  substitutes,  343 
Crucibles,  321 

—  distillation  of  sine  in,  79 

Crude  iron,  statistics  concerning  the 

S reduction  of,  18 
,     te,  decomposition  of  by  ignition 
with  carbonate  of  lime,  259 

with  caustic  lime   by  the 

wet  way,  259 

—  glass,  291 

—  preparation  of  alum  from,  268 

—  «oda  team,  188 
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CapoU,  OP  shaft  fninace,  18 

Catoh,  512 

Ojanide  of  potaasinm,  35 

DAMA80BNB,  30 
Deooctioii  method  of  prepaiine 
the  wort,  409 

Beoomposition  furnace,  new,  173 
Def  ofleiing,  445 

De-liming,  or  saturating  the  juice  with 
carbonic  add,  373 

—  the  juice,  other  methods,  374 
Dkvillb  and  Dbbbay*s  method  of 

eztraoting  platinum,  95 
Dextrine,  361 

Diamond  boron,  or  adamantine,  256 
Dinas  bricks,  321 
Discharge  stjle,  614 
Discharges,  calico  printing,  611 
DistiUation  of  the  mash,  431 
Distillexy  apparatus,  432 

—  —  continuous,  440 
Dividivi,  511 
DoBN's  apparatus,  433 
Drain  tiles,  318 
DuMOKT's  filter,  375 
DuKLOP's  process.  218 
Dutch  clinkers,  318 

—  tUes,  318 
DTO-materials,  blue,  591 

—  red,  586 

Djeing  and  printing  in  general,  568 

—  blue,  and  with   logwood    and   a 

oom>er  salt,  604 

—  calioo,  608 

—  linen,  609 

—  spun  yam  and  woven  textile  fab- 

rics, 599 

—  silk,  606 

—  wool  blue,  601 

—  —  red,  605 

—  woollen  fabrics,  601 

—  yeUow,  604 

—  black,  605 

—  brown,  green,  and  blacki  596 

—  carbolic  acid,  580 

—  green,  606 

•—  red,  less  important,  691 

—  yellow,  696 
Dynamite,  Kobbl's,  160 

EFFSBVESOING  wines,  399 
Elayl  platino-ohloride.  96 
Bleotrio  light,  680 
Blectro-metaIlnr|7, 114 
Sleotro-plating  mih  gold  and  silyer, 
116 

Blectro-stereotyping,  117 
Electrolytic  law,  114 


BlectTolv|iing,  115 
Imeialdsrei 


green,  68 


Bnamel,  bone  glass,  290 
Enamelling  of  cast-iron,  20 
Engraving  steel,  31 
Etage  or  stage  grate,  742 
Etching  by  galyanism,  117 
Etruscan  yases,  309 
European  am^gamation  process,  97 
Explosive  compounds,  technology  of, 

FAGGOT  gradation,  168 
Fatty  adds,  candles  from,  631 

manufacture,  627 

Fayence  ware,  307 
flowing  colours,  309 

—  ornamenting,  308 
Felspar,  293 

—  mode  of  obtaining  potassa  from, 

1^2 

Fermentation,  386 

—  after,  in  the  casks,  416 

—  alcoholic  or  vinous,  conditions  of. 

389  ' 

—  of  the  grape  juice,  393 

potato  mash,  429 

beer  wort,  414 

mash,  427 

—  sedimentary,  415 

—  surface,  417 
Ferments,  substitutes  for,  456 
Fibre  vegetable,  technology  of,  338 
Filter  for  beet-root  juice,  376 
Fire-bricks,  319 

Fire-clay  stoves,  734 

Fire-gilding,  110 

Fireplace  g^s,  745 

Fire,  requisites  for  producing,  646 

Firework  mixtures,  commonly  used,  166 

Fireworks,  chemistry  of,  148 

—  chlorate  of  potassa  mixture,  156 

—  friction  mixtures,  156 

—  grey-coloured  mixtures  for,  166 
Flame,  618 

Flannel,  600 
Flax,  338 

—  combing,  340 

—  beating  or  batting,  839 

—  hot-water  deansing,  339 

—  spinning,  340 

Flaxes  from  New  Zealand,  341 
Fleck's  process  of  preparing  phospho- 
rus, 543 
Floating  bricks,  318 
Flowers  of  sulphur,  197 
Flue  heating,  739 
FrankUnite,  9 
FrieEe,600 
Fritte  porcelain,  French,  304 

English,  304 

FuoH8*8  beer  test,  422 
Fuchsin,  676 
Fad  arti&dal,  T^^ 
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Fnel,  brown  ooal  as,  717 

—  oombnstibUity  of,  698 

—  determination  of  combnitlye  power, 

699 

—  elementary  analysifl,  700 

—  inflammability  of,  698 

—  gafleooa,  730 

—  petroleum  as,  722 

—  pyrometrical  calorific  effect,  701 

—  specific  calorific  effect,  701 

—  eapply  improved,  744 

—  Stbombteb's  test,  701 

—  value  of  coke  as,  729 
Falling  soaps,  245 
Fulminating  mercury,  92 
Furnace,  cupola  or  shaft,  18 

—  reverberatory,  18 

—  working  copper  ores  in,  44 
Fustic,  yeUow  dye,  695 
Fusel  oUs,  removing,  445 

GALACTOSCOPE  to  test  milk,  658 
Gall-nut,  511 
Gall's  apparatus,  435 

—  fireplace,  745 
Galvanism,  application  of,  114 

—  etching  by,  117 
Galvanography,  117 
Galena,  59 
Garancine  587 
Garanceux,  587 

Gas,  Baldamus  and  Grune's,  674 

—  burners,  665 

—  carburetted,  674 

—  charging  the  retorts  and  distilla- 

tion,  650 

—  cooling  or  condensing  apparatus,  652 

—  distribution  of,  660 

—  exhauster,  654 

—  general  introduction  and  historical 

notes,  645 

—  heating,  740 

—  GiLLABD*B  platinum,  672 

—  for  heating  purposes,  731 

—  —  illuminating  testing,  €61 

—  from  peat,  670 
peboleum,  676 

-*  —  petroleum  oil,  or  oil  from  bita- 
minous  shales,  675 

—  —  suint,  675 
wood,  668 

—  holders,  666 

—  hydraulic  yalve,  661 

—  Iboabd*s,  674 

—  lighting,  raw  materialB  of,  646 

—  lime,  667 

—  manufacture,  sulphur  as  ft  by-pro- 

duct, 198 

—  meten,  664 

—  oU,  resin,  674 

—  pieisiire  legulatar,  661 

—  prodnotB  of  the  distOlKUoD,  6^7 

—  piiJiilyiiig^  664 


Gas,  retorts,  648 

—  tiie  Bcmbber,  653 
Gab- water,  671 

—  —  ammonia  from,  230 
Gaseous  fuel,  730 

Gaaes,  blast-fnmaoe,  16 

—  heating  with,  24 
Gatty*s  process,  219 
Gay-Lussac*s  chlorometrio   meOiody 

221 
Gentele*s  method  of  pfeparing  pboa* 

phorus,  544 
GEBLAin>*s  method  of  prepazixig  piuw 

phorus,  544 
German  iron  refining  pioceHi  21 

—  silver,  53 

Germination  of  theiofttned  g;ndii,  406 
Gilding,  110 

—  by  the  cold  process,  110 
wet  way,  110 

—  poroelain,  bright,  303 
GiLLARD*s  gas,  672 

Glass,  aluminium-caloiiim  aOcftli,  269 

—  aventurin,  291 

—  bleaching.  270 

—  bottle,  282 

—  classification  of  the  TftiiooB  Idndi^ 

268 

—  clear  melting,  276 

—  cold  stoking,  275 

—  coloured,  and  glass  staining,  289 

—  crown,  277 

—  cryolite,  291 

—  crystal,  285 

—  defects  in,  276 

—  definition  and  general  properties 

of,  268 

—  filigree  or  reticulated,  292 

—  ice,  291 

—  maldng,  raw  materials,  269 

—  material  melting,  275 

—  melting  and  clearing,  280 

—  optica],  286 

—  oven,  271 

—  painting,  289 

—  pearls,  292 

—  plate,  279 

casting  and  coolings  281 

or  window,  276 

polishing,  281 

—  platinising,  282 

—  potassium-calcium,  268 

—  potassium-lead,  269 

—  preparation  of  the  m^tiq4^i  m^ 

melting,  274 

—  pressed  and  cut,  288 

—  refuse,  ntUisation,  270 

—  reUef,  291 

—  sheet  or  cylinder,  278 

—  silvering,  281 

by  predpitatian,  281 

—  Bodium-caldam,  268 
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Glass,  fhe  melting  vesseli  270 

—  tools  for,  277 

—  various  kinds,  276 

—  water,  283 
Glaubeb's  salt,  213 
Glae  boiling,  528 

—  drying,  531 

—  from  bones,  532 
leather,  529 

—  Hquid,  533 

—  sabstitntes  for,  536 

—  test  for  quality  of,  533 
^  treating  with  lime,  529 
Gluten  glue,  536 
Glycerine,  634 
Glyphography,  117 

Gold  alloys,  109 

—  applications  of,  110 

—  <memically  pure,  108 

—  colour  of,  109 

—  and   silver,  electro-plating  with, 

115 

—  extraction  from  other  metallic  ores, 

106 
poor  materials,  106 

—  leal  for  gilding,  110 

—  mode  of  extracting,  105 

—  mode  of  extracting  by  means  of 

mercury,  106 

—  mosaic,  75 

—  occurrence  and  mode  of  extracting, 

105 

—  properties  of,  108 

—  refining,  106 

—  salts.  111 

—  size,  489 

—  smelting  for,  106 

—  solution  for  electro-plating,  116 
—>  testing  the  fineness  of,  109 

—  treating  with  alkaU,  106 
Grain  germinated  drying,  407 
Grape-juice  fermentation,  393 
Grape-sugar,  383 

—  preparation,  384 

—  uses  of,  386 
Grapes,  pressing,  391 
Grate,  Boquillon's,  744 

—  chain,  743 

—  4tage  or  stage,  743 

—  rotating,  744 

—  step,  742 

—  VOOL'8,  744 
Grates,  movable,  743 
Green  vitriol,  31 

preparation  of,  as  a  by-product 

in  alum  works,  32 
Grenate  brown,  681 
GBUiTBBEBa'B  method  of  estimating 

the  value  of  potashi  226 
Gun-cotton,  160 

—  as  a  subeiltBte  lor  gospowderi  162 

—  otbor  nses^  162 

—  proportiai  alt  161 


Gun-metal,  51 
Gunpowder,  148, 156 

—  caking  or  pressing,  150 

—  composition,  152 

—  drying,  151 

—  granulated,  polishing,  150 

—  granulation  of  the  cake,  and  sort- 

ing the  powder,  150 

—  manufacture,  148 

mechanical  operations,  149 

—  mixing  the  ingredients,  149 

—  products  of  combustion  of,  153 

—  propoties  of,  151 

—  palverising  the  ingredients,  149 

—  sifting  the  dust  from,  151 

—  testing  strength  of,  154 

—  white,  154 

Gutta-percha  and  caoutchouc,  mixture 
of,  488 

—  solvents,  487 

—  uses  of,  487 
Gutter  tiles,  318 
Gypsum,  333 

—  casts,  336 

—  grinding,  335 

—  hardening  of,  836 

—  kilns  or  burning  ovens  for,  334 

—  nature  of,  333 

—  uses  of  335 

HABANA  brown,  680 
Haematinon  astralite,  291 
Hsematite  iron  ore,  8 
Heat  mechanical  equivalent  of,  702 
Heating  apparatus,  731 

—  by  flues,  739 

hot  air,  737 

water,  739 

—  direct,732 

—  dwellmg-houscs,  732 

—  witii  gases,  24 
ste&m,  740 

—  without  ordinary  fuel,  740 
Heaton  steel,  28 

Hemp,  340 

—  substitutes,  340 
Hides,  deansing,  514 

—  swelling,  515 

—  strippiog  off  the  hair,  615 
>-  HoFMANN's  process,  219 
Hollander  mill,  347 

Hops,  404 

—  adding,  412 

—  quality  of,  404 

—  substitutes  for,  405 
Hot-pressing,  finishing,  and  dressing 

616 
Houses,  heating,  732 
Hungarian  tawing  process,  $24 
Hyatography,  292 
Hydraulic  main  for  gas,  650 

—  mortar,  327 

—  valve,  661 
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Hydrocarbon  proceBs  (WHin's)  for 

water-gMi  67S 
HydioGhloiio  add,  211 

—  —  properties  of,  213 

nses  of,  213 

HypocUorltea  alkaline,  223 
Hypoeiilphite  of  soda,  201 
HypofalphiironB  add,  199 

ICE-QLASS,  291 
lUamination,  ariifidal  in  general, 

Tkssie  du  Motat's  method,  C79 

—  with  lampe,  G36 
India-rubber,preparation  and  nee  of  ,486 

Indigo,  691 

—  properties,  592 

—  reooTery  from  rags,  004 

—  testing,  592 
Indigo-blue,  594,  602 
Ink  for  marking,  105 
printing,  489 

Iodine  from  carbonised  sea- weed  192 
ChUi-saltpetre,  192 

—  preparation,  191 

—  properties  and  uses  of,  193 
Iron,  8 

—  cast,  16 

—  cement,  493 

—  cmde  16 

—  extraction,  9 

process,  theory  of,  10 

—  foondry  work,  18 

—  malleable,  tinning  of,  75 

—  metallic,  frreen  Titriol  from,  32 

—  mininm,  32 

—  ore  hscmatite,  8 

magnetic,  8 

marsh,  9 

pea,  9 

spathose,  8 

—  refining  by  mechanical  means,  24 
German,  21 

Swedish,  22 

—  sheet,  tinned,  75 

—  stones,  734 

—  wire  manufacture,  25 
Isinglass,  535 
lBOABD*B  gas,  674 

XUTE,  341 

KAOLIN,  298 
Eabmabsch^s     eyaporation 
method,  699 

Kelp,  130 

preparation  of  iodine  from,  191 

Kilns,  annular,  317 

for  burning  lime  and  bricks,  325 

—  —  gypsum,  334 

.—  lime,  oontinuous,  324 

occasional  or  periodic,  323 

Kino,  612 


Knapp*8  leather,  625 
Kneading  machineii,  468 

LAO  dye,690 
I    Lacquered  leather,  621 
Lactose^  sugar  of  milk,  667 
Lake  pigments,  668 
Laming  mixture,  667 
Lamp  with  constant  oil  lerel,  640 
Lamps,  636 

—  for  illumination,  636 

•—  petroleum  oil  and  paraffln  oil,  644 
•—  pressure^  641 

—  statical,    meehanioal,    dockwoxk, 

moderator,  642 

—  suction,  639 

—  Tarious  kinds,  639 

Lamt*s  refining  apparatus  for  salpbnr, 

196 
Lanoieb*s  apparatus,  443 
Lant,  ammonia  from,  234 
Lead  acetate,  64 
--  alloys,  62 

—  basio  chloride  of  as  a  substitute 

for  white-lead,  71 

—  diloride,  white-lead  from,  71 

—  chromate,  64,  66 

—  containing  sUver,  mode  of   pre- 

paring, 100 

—  metallic,  applications  of,  62 

—  obtained  by  calcination,  60 

—  —  —  predpitation,  59 

—  occurrence  of,  59 

—  oxide,  63 

oombinations  of,  64 

-^  preparations  of,  63 

—  properties  of,  62 

—  sulphate,  white-lead  from,  70 

—  peroxide,  64 

Leaden  pans,  concentration  in,  207 
Leather,  cordwain,  Oordoyao,  621 

—  dressing  or  currying,  618 

—  finishing,  519 

—  for  gloves,  524 

—  glue,  529 

—  graining,  519 

—  greasing,  519 

—  Khapps  process,  525 

—  lacquered,  521 

—  morocco,  520,  521 

—  pdishing  with  pumice-stone,  619 

—  preparation  of  white,  622 

—  Bussia,  520 

—  sole,  518 

—  the  paring,  518 

the  scnping  or  smoothing,  619 

—  upper,  518 

Lbblanc'8  process,  theory  of,  183 
Lepbdycb^b  water-gas,  674 

I^»  242 

—  evaporation  of,  180, 257 

Light,  materials   and  apparatus  for 
\tt^u<d^%«x^ifidslk  617 
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Lime  and  biickB,  kilns  for  boniing,  325 
— -  —  lime-bnming,  322 

—  cements,  491 

—  Ught,  678 

—  preparation  of  fatty  acids  by  means 

of,  621 

—  properties  of,  322,  225 

—  slaking,  326 

—  sulphite  of,  201 

—  treating  glue  with,  529 

—  nses  of,  326 
Linen-djeing,  609 

—  fabrics,  detection  of  cotton  in,  343 

—  goods  printing,  016 
Litharge,  63 

—  reyiyification  of,  Gl 
Lithophanie,  303 
Litmus,  594 
Liquation  proces?,  47 
Liquid  glue,  533 
LiziYiatloD,  257 
Loam,  296 
Logwood,  594 

—  and  a  copper  salt  to  dye  blue,  604 
London  board,  354 

Lucifer  matches  manufacture,  548 
LuHax's  apparatus,  232 
Lustres,  309 
Lye,  raw,  breaking  up  of,  136 

—  —  boiling  down,  136 
treatment  of,  136 

MACHINE  for  paper-cutting,  353 
—  paper,  362 
Machines  for  moulding  bricks,  312 
Madder,  586 

—  flowers  of,  587 

—  lake,  587 
Magdala  red,  583 
Magenta,  575 
Magnesium,  114 

—  light,  679 
Magnetic  iron  ore,  8 
Malachite,  43 

Malleable,  bar,  or  wrouf^ht  iron,  20 

Mallet*s  apparatus,  230 

Malt,  the  bruising  of,  408 

Malting,  405 

Mandarin  printing,  616 

Manilla  hemp,  341 

Manganese  and  its  preparations.  111 

—  soap,  249 

—  testing  the  quality  of.  111 
Marking  ink,  105 

Marl,  295 
Manii  iron  ore,  9 
Martin  steel,  28 
Martins  yellow,  582 
Mash  boUing  thick,  409 

—  distillation  of,  431 

—  from  potatoes,  427 
roots,  429 

—  with  sulphuric  acid,  428 


Mashing,  408 

Massicot,  63 

Matches  anti-phosphor,  552 

—  lucifer,  manufacture  of,  548 

—  wax  or  Testa,  553 
MauTC,  575 

Meat,  constituents  of,  562 

—  the  cooking  of,  663 

—  generalities,  562 

—  preservation  of,  664 

—  salting,  566 

—  smoking  or  curint;,  566 

—  the  boiling  of,  564 
Meerschaum  pipes,  artificial,  337 
Mercurial  compounds,  91 
Mercuric  chloride,  91 
Mercury,  applications  of,  91 

—  eztiacting  by  Spanish  method,  89 

—  extraction  of  gold  by  means  of,  106 

—  fulminating,  92 

—  method  of  decomposing  by  the  aid 

of  other  substances,  90 

—  method  of  extracting,  pursued  in 

Idria,  87 

—  occurrence  and  mode  of  obtaining, 

87 

—  or  quicksilver,  87 

—  preparations  of,  91 

—  properties  of,  91 

Metal,  coarse,  roasting  or  calcining, 

49 
Metals,  alloys  and  preparations  from,  4 

—  sted  and  other,  30 

Metallic  iron,  green  vitriol  from,  32 
Metallochromy,  117 
Metallurgy,  chemical,  4 

—  meaning  of  the  t^m,  4 
Meters  for  gas,  664 
Milk,  556 

—  means  to  prevent  becoming  sour, 

557 

—  sugar  of— lactose,  557 

—  testing,  557 
MiUifiore  work,  292 

Mikaby's  process  of  preparing  phos- 
phorus, 544 
Mineral  green  and  blue,  57 

—  oil,  preparation  oi^  694 

—  potash,  121 
Mineralising  wood,  476 
Minium,  red-lead,  63 
Mohair,  495 
MOHB's  method,  225 
Moire-metallique,  75 
Molasses,  366 

—  beet,  382, 

—  potash  from,  122 
Mordants,  601,  609 
Morocco  leather,  520,  521 
Mortar,  326 

—  hardening,  327 

—  hydraulic  hardening  of,  331 
Mosaic  gold,  75 


MonldBi  making,  19 
Mnffles,  difltillAtion  of  zino  In,  78 
Mnriatio  add,  211 
MuBt,  chemical  oonstitaents  oU  391 
Hjooderma  aoeti,  yinegar  with  the 
help  of,  466 

NAPHTHALINE  bine  andn^rtiia- 
line  violet,  583 

—  pigments,  581 
Neapolitan  yellow,  85 
Neft-gil,  paraffin  from,  684 
Nettle  doth  and  muslin,  341 
Nickd  and  copper  alloys,  41 

—  and  its  ores,  39 

—  metallic  preparation,  41 

—  properties  of,  43 

—  BLlyer,  63 

Nitrate  of  anmionia,  238 

potassa,  134 

— preparation     from     Ghili« 

saltpebe,  138 

sUver,  105 

soda,  soda  from,  189 

tin,  76 

Nitric  add,  142 

bleaching,  143 

condensation,  144 

density  of,  146 

—  —  faming,  147 

—  —  in  saltpetre,  qoantitatiye  esti- 

mation of,  140 

—  —  mannfactnie,    other   methods, 

145 

uses  of,  147 

Nitro-benzol,  572 

—  pigment  directly  from,  581 
Nitro-glyoerine,  158 
Nobd's  dynamite,  160 
Nat-gaUs,  611 

OAK  bark,  509 
Oil,  blae,  57 

—  cements,  491 

—  colza,  mineral,  637 

—  gas,  resin  gas,  674 

—  Tarnishes,  488 

Oils  crude,  rectification  of,  689 
— -  essential  and  resins,  480 

—  —  extraction  by  fatty  oils,  481 

—  —  preparation  of,  481 

—  paraffin,  683 

—  purifying  or  refining,  636 

—  treatment  of  the  products  of  dis- 

tillation of,  689 
Oldc  add  soap,  245 
Olive-oil  soap,  243 
Optical  glass,  286 
Ores,  4 

—  calcining,  or  roasting,  48 

—  dressing  of,  5 
-«  oxldiiea,  oopper  fzonii  49 
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Ores,  smdting,  48 

—  smdting  o^  5 
Orchil  and  Persio,  590 
Orpiment,  87 
Ovens,  coking  in,  724 

—  for  burning  gypsum,  334 

—  for  porodam,  301 

—  or  kilns,  oarbonisatioii  of  wood  in 

706,  708 
Oxide  of  antimony,  84 
Oxidised  silver,  105 
Oxysulphuret  of  antimony,  86 
Ozokente  and  neft-gil,  pazaiBn  froBf 

684 

"pjSONINE  or  oonlline,  681 

Pans  for  evaporating  beet-ioot  Jvloa 

375 
Paper-cutting  madiine,  363 

—  different  kinds,  351 

—  drying,  351 

—  history  of,  345 

—  machine-made,  352 

—  making,  345 

—  manufacture  by  hand,  846 

—  materials  of  manufaotoie,  846 

—  pressing,  351 

—  pulp-bluing,  350 

—  sheets  straining,  360 
•—  sizing,  351 

—  sizing  the  pulp,  350 
Papier-mach6,  356 
Paraffin  candles.  630 

—  crude,  refining  of,  690 

—  from  bitumen,  685 

—  from  ozokerite  and  neft-gil,  684 

—  HuBNBB's  method  of  prepaxing, 

690 

—  manufacture,  683 

—  oils,  683,  693 

—  oil  lamps,  644 

—  preparation  by  dry  distillation,  68 

—  from  petroleum,  684 

—  properties  of,  692 

—  yidd  0^  691 
Paidunent,  527 

—  paper,  355 

Panan  and  Carrara,  304 

Paste,  493 

Pasteboard  making,  363 

Pattinson*s  method  of  refining  lilfer. 

101 
Pea-iron  ore,  9 
Pearls,  blown,  292 

—  solid,  292 

—  glass,  292 
Peat,  712 

—  carbonised,  716 

—  drying,  713 

—  gas,  670 

—  heating  efitect  of,  716 
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Pecqner  eraporating  pan,  376 
PENinr's  indigo  tes^  593 
PsNOT*s  test,  221 
Peras,  729 
Pereossion  caps,  93 

—  powders,  156 
Perfames  chemical,  482 
Perfameiy,  481 
Permanganate  of  potassa,  112 
Petroleum  as  fuel,  722 

—  constitution,  69G 

—  crude,  refining,  69G 

—  oil  and  its  occurrence,  695 
gas  from,  675 

fiunps,  644 

—  origin  and  formation  of,  695 

—  technology,  697- 
Pettsnkofbb's  process  for  restoring 

pictures,  490 
Phenidenne,  phenyl  brown,  581 
Phenyl  blue,  581 
Phosphorus,  distillation  of,  538 

—  Fleck*b  process,  543 

—  making,  burning  the  bones  to  ash, 

538 

—  manufacture,  637 

—  other  proposed  methods  of   pre- 

paring, 543 
<—  preparing  by  Gentele,  Gebland, 
MiNABY,  and  Sondby'b  methods, 
544 

—  properties  of,  544 
and  preparation,  537 

—  red  or  amorphous,  545 

—  refined,  moiUding,  541 

—  refining  and  purifying,  540 
Physic,  or  nitrate  of  tin,  76 
Picric  add,  580 

Pictures,  Pettenkofeb's  process  for 

restoring,  490 
Pig  or  crude  iron,  9 
PilEaba  hemp,  341 
Pigments  from  cinchonine,  585 

—  lake,  568 

—  naphthaline,  581 

—  red,  586 
Pipes  of  day,  309 
PiSTOBius's  apparatus,  435 
Pit  coal,  717 

Plaster  of  Paris  forms,  moulding  in, 

299 
Platinnm  alloys,  96 

—  black,  96 

—  —  yinegar,  with  the  help  of,  467 

—  gas,  672 

—  hammered  or  cast,  95 

—  method  of  Deyillb  and  Dsbbay, 

95 

—  occurrence  of,  93 

—  ores,  93 

—  properties  of,  95 

—  retorts^  207 

—  spongyi  95 


Platinum,  Wollaston'S  method  of 

extracting,  94 
Porcdain  articles,  preparation  withr 

out  moulds,  299 

—  bright  gUding,  303 

—  casting,  299 

—  clay,  293 

—  drying,  299 

—  —  the  mass,  297 

—  faulty  ware,  302 

—  French  fritte,  304 

—  glaze  applying,  300 

—  glazing,  299 

—  kneading  the  dried  mass,  298 

—  grinding  and  mixing  the  material, 

297 

—  hard,  297 

—  ornamenting,  303 

—  oven,  301 

—  painting,  302 

—  oven,  emptying  and  sorting  tli6 

ware,  302 

—  silyering  and  platinising,  303 

—  tender,  304 

—  moulding,  298 

—  the  potter's  wheel,  298 
Portland  cement,  329 
Potash  from  molasses,  122 

—  from  the  ashes  of  plants,  122 

—  Gbunebeeg's  method  of  estimating 

the  yalue  of,  226 

—  purified  preparation  of,  133 
Potassa  and  cobalt,  nitrate  of  prot- 
oxide of,  39 

—  carbonate  of,  118 

—  dilorate  of,  223 

—  chromates,  applications  of,  65 

—  mode  of  obtaining  from  felspar,  123 

—  neutral  or  yellow  chromate  of,  64 

—  nitrate  of,  134  • 

—  permanganate  of,  112 

—  salts  from  sea- water,  122 

sea-woeds,  129 

Buint,  132 

the  Stassf  urt  salt  minerals^ 

118 

—  sources  whence  derived,  118 

—  sulphate  of,  121 

—  yellow  prussiate  of,  32 
Potassium,  chloride  of,  preparation,  119 

—  Cyuiide,  35 
Potatoes,  mash  from,  427 

—  stardi  from,  357 
Potato-mash  fermentation,  429 

—  starch  drying,  358 
Potter's  day,  295 
Pottery  common,  310 

Printing  and  dyeing  in  general,  568 
^  ink,  489 

—  linen  goods,  616 

—  silk  goods^  616 

—  woollen  goods,  616 
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PnuBian  bine  on  wool,  604 
Puddling  fnmaoe,  22 

—  process,  22 

Polp^  bleaching,  for  paper,  349 
Pnlt  fires,  744 

Pomioe-stone  to  polish  leather,  519 
Purple,  Ca68IUS*s,  111 
Pjrntes  distillation,  green  Titriol  from 
residues  of,  32 

—  preparation  of  sulphur  from,  197 

—  use  of  for  the  preparation  of  sul- 

phurous add,  206 
Pyrotechny,  148 

—  chemical  principles  of,  165 

QUARTATION,  107 
Quercitron  bark,  596 
QuicksUyer  or  mercury,  87 

RAGS,  cutting  and  cleaning,  347 
—  for  paper,addition8  of  mineral 
to,  346 

—  substitute  for,  346 
Raw  lead,  61 
Bealgar,  87 

Bed  arsenic,  87 
Red  lead,  63 

—  phosphorus,  545 

—  prussiate  of  potash,  35 
Refined  steel,  29 
Refining  copper,  46 
Resins,  483 

Reein  cements,  492 

—  gas,  678 

—  —  oil  gas,  674 
Resin-tallow  soap?,  245 

Resin,  use  of  as  sealing  wax,  483 
Resume,  745 
Retort  furnaces,  650 
Retorts  for  gas,  648  ' 

—  glass,  concentration  in,  208 

—  platinum,  207 
Reverberatory  furnace.  18 
Rhea  grass,  341 

Rice  starch,  360 

RiNMANN's.  or  cobalt  green,  39 

Rock  salt,  165 

mode  of  working,  1G7 

Roll  sulphur,  197 
Roofing  tUes,  318 
Roots,  mash  from,  429 
Roseine,  575 
Rosi*s  apparatus,  232 
Rough  steel,  27 
Ru8ina,87 
Russia  leather,  520 
Russian  stoves,  734 

SAOCHARIMETRT,  369 
Saocharometrical  beer  test,  Bal- 
UNG'S,  420 
8Mgo,  361 
Samower,  589 


Sal-ammoniao,  applioatioii  of 

the  manufadnie  af»  16 
Salines,  method  of  obtaining  <^*w— iffi 

salt  in,  164 
Salt,  common,  direct  conTenioa   of 

into  soda,  188 
method  of  obtaining  in  ealinae, 

164 

—  —  method  of  preparing  from  eea- 

water,  163 

—  —  occurrence  of,  163 

properties  of,  169 

uses  ot  170 

Saltpetre,  134 

—  and  sulphur  mixture,  166 

—  crude,  refining^  137 

-—  mode  or  obtaining,  135 

—  occurrence  of  native,  134 

—  of  the  earth,  treatment  of,  135 

—  quantitative  estimation  of  nitrio 

add  in,  140 

—  testing,  140 

—  uses  of,  141 

Salt-springs,  mode  of  working,  167 
Samian,  or  oil-tawing  process,  626 
Sandal  wood,  588 
Sanitary  ware,  321 

Sap,  diemical  alteration  of  the  oon- 
stituents  0%  475 

—  elimination  of  the  oonstitoente  of, 

474 
Saponification,  theory  of,  242 

—  with  lime,  623 
sulphuric  acid,  624 

water  and  high  pressure,  626 

SAUEBWEiN*8method  of  decomposition 

cryolite  with  caustic  lime,  269 
Saxony  blue,  603 
ScHAFrNBB*8  sulphuT    regeneration 

process,  185 
ScHEBLB*B  green,  57 
Schist  or  alum- shale,  257 
SCHWABZ'B  apparatus,  436 

SCHWEINFUBT  gTCCn,  58 

Sealing-wax,  use  of  resin  as,  483  • 
Sea-weed  carbonised,  iodine  from,  192 
Se»- weeds,  potassa  salts  from,  129 
Sea-water,  method  of  preparing  oom- 
mon  salt  from,  163 

—  potassa  salts  from,  122 
Seridculture,  501 

Shaft  or  cupola  furnace,  18 

Shagreen,  537 

Shear-steel,  29 

Sheep-sheaiing,  498 

Shot  manufacture,  62 

Siderography,  31 

SideroUte  and  terralite  ware,  307 

SlEMSN8*B  apparatus,  440 

Silica  nltramuine  preparation,  267 

Silk,  601 

Silk  bleaching,  599 
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Silk  good%  printing,  616 

—  manipnlation,  603 

—  •ooming  or  boiUng  the  gum  ont, 

604 

—  terting,  604 

—  to  disUngniflh  from  wool  and  yege- 

table  fibre,  606 

—  weaving,  606 
Silkworm^  601 
saver,  allojB  of,  103 

—  alloy  for  plate,  103 

—  and  gold  for  electro-plating,  115 

—  and  itB  occnrrenoe,  96 

—  anay,  103 

—  dhemioally  pore,  102 

—  extraction  1^  amalgamation,  97 

AuousTiN*B  method,  99 

—  the  dry  way,  100 

—  — •  from  its  ores,  96 

—  —  tond^hydro-metallargical  me- 

thods or,  99 

—  German  or  nickel,  63 

—  mode  of  preparing  the  lead  con- 

taining, 100 

—  nitrate  of,  106 

—  oxidised,  106 

—  properties  of,  102 

—  lednotion  by  means  of  zinc,  102 

—  refining  process,  100 

—  smelti]^  for,  directly,  97 

— -  solution  for  electro-plating,  116 

—  ultimate  refining  of,  102 
Silvering,  104 

—  by  the  wet  way,  106 

—  —  fire  or  igneous,  104 

—  in  the  cold,  104 
Sizing  the  paper,  361 
Skins,  613 

Skin  of  animals,  anatomy  of,  608 

Slaking  lime,  326 

Smalt,  38 

Smelt,  the  mixing  of  the,  6 

Smelting  for  gold,  106 

silver  directly,  97 

white  metal,  49 

—  of  nickel  ores,  40 
the  ore,  6 

—  operation,  products  of,  7 

—  process,  course  of»  13 
Smoke  consumption,  745 
Smoke-consunung  apparatus,  741 
SnufE,480 

Soap-boiling,      raw     materials     of, 

239 
Soap,  chief  varieties  of,  243 

—  msoluble,  249 

—  making.  239 

—  tests,  248 

—  transparent,  248 

—  uies<%248 
Soaps,  toilet,  247 

—  various,  247 
Soda-alum,  261 


Soda-ash,  171 

Soda,  aluminate  of,  262 

•—  bicarbonate  of,  190 

—  caustic,  189 

—  cruder  conversion  of  sulphate  into, 

174 

—  —  lixiviation  of,  176 

—  direct  oonversion  of  common  salt 

into,  188 

—  from  chemical  processes,  172 
cryolite,  188 

—  —  nitrate  of  soda,  189 

soda  plants,  and  from  beet- 
root, 171 

—  furnace,  with  rotatory  hearth,  176 

—  hyposulphite  of,  201 
-^  manufacture,  170 

—  occurrence  of  native,  170 

—  preparation  from  sulphate  of  soda, 

187 

—  stannate  of,  76 

—  sulphate,  213 

— -  sulphate  uses  of,  214 

—  ultramarine  preparation,  266 

—  waste,  sulphur  from,  198 

—  waste  utilisation,  184 
Sodic  nitrate,  141 

Soft  soap,  246 

Solferino,  575 

SOMDBYS  process  of  preparing  phos- 
phorus, 544 

SpaUiic  iron  ore,  green  vitriol  from,  32 

Spathose  iron  ore,  8 

Sperm,  or  spermaceti  candles,  634 

Spinning  cotton.  342 

Spinning  flax,  340 

Spirit  from  dry  distillation  of  wood, 
472 

—  manufacture  raw  materials,  426 

—  varnish,  489 

Spirits  from  the  by-products  of  sugar 
manufacture,  430 

—  from  wine  and  marc,  430 

—  the  preparation  or  distillation  of, 

424 
Spongy  platinum,  95 
Stags,  6 

Stage,  or  ^tage  grate,  743 
Stamp  mach&e,  347 
Stanfobd  and  Mobidb's  method  of 

preparing  iodine  from  carbonised 

sea-weed,  192 
Stannate  of  soda,  76 
Starch,  355 

—  commercial,  constituents  and  uses 

of,  360 
•—  from  potatoes,  357 

—  nature  oj^  356 

—  rice,  chestnut,  Cassava  arrow-root. 

360 

—  sources  of,  357 

Starch-meal,  boiling  ^iVv  ^a2a^J^  ^b^« 
p\iuxVQaid<dL,^%^ 
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Sterch  sugar  compoeition,  886 
Statifltios  oonoeminf^  the  production 

of  crude  iron,  18 
StatiiBtios  of  iteel  prodnctioni  31 
Bteun  brewing,  418 

—  for  heating,  740 
Stearine  cancQeSi  621 
Steel,  26 

—  ard  other  metalBi  30 

—  engraying,  31 

— .  from  midleable   and   crude    cast 
iron,  29 

—  production,  itatistica  of,  31 
— -  properties  cf ,  29 

.—  hardening,  29 
Step  grate,  742 
Stereochromy,  285 
Stib'um,  82 
Stoneware,  305 

—  Ircquered,  307 

—  ovens,  306 
Store  heating,  733 
Stores,  compound,  735 

—  iron,  734 

—  of  fire-clay,  734 
Strass,  288 
Styrian  cast-steel,  27 
Sugar-beet,  vinegar  from,  406 
Sugar-candy,  382 
Sugar-cane,  364 

—  components,  364 

Sugar,  draining  the  crystals,  381 

—  historj  of,  362 

—  manufacture,  362 

—  beet-root,  367 

—  spirits  from  the  by-products  of,  430 

—  nature  of,  362 

—  of  the  grape,  392 

—  preparation  from  the  beet,  370 

—  preparation  of  moist,  raw,  or  loaf, 

330 

—  raw,  preparation  from  the  sugar- 

cane, 365 

—  production,  367 

—  refining,  366 

-—  removing  from  the  form,  381 
— -  solution,  evajwrating  and  purify- 
ing, 385 

—  starch,  composition,  386 
~  varieties  of,  866 
Sulnt^  gas  from,  675 

—  X^otassa,  salts  from,  132 
Sulphate  of  alumina,  261 

—  —  alumina  and  alum,  uses  of,  263 

—  •—  ammonia,  238 

copper,  54 

potassa,  121 

soda,  213 

sine,  81 

—  or  decomposing  furnace,  172 
Sulphates  of  alumina,  256 
flfnlpthide  of  carbon,  210 
Oilpbite  of  lime,  201 


Sulphur, -194 

—  as  a  by-produefc  of  gafl  mamdae- 

ture,  198 
Sulphur,    by    heating    milpiiinetted 
hy^^ogen,  198 

—  chloride,  211 

—  fiowers  of,  197 

—  for  refining  gold,  107 

—  from  soda  waste,  108 

—  obtained  by  the  reacdaa  of  lalphn- 

rouB  add  on  ehaicoal,  198 
•—  preparation  of  from  pyrites,  197 

—  production    by   the    reactioa    of 

sulphuretted  hydrogen  upon  sul- 
phurous add,  198 

—  properties  and  uses  of,  199 

—  regeneration  process,  SoHAFFNEB^ 

185 

—  smelting  and  refining,  194 
Sulphurets  of  arsenic,  86 
Sulphuric  add,  201 

—  —  concentration,  206 

—  —  decomposition  of  bone-ash  bj, 

538 

—  —  green  vitriol  from,  32 

for  refining  gold,  107 

fuming,  202 

manufacture,  other  methods  of, 

208 

mash  with,  428 

ordinary  or  English,  203 

—  -—  present  manufacture  o^  203 
properties  of,  209 

saponification  by  means  of,  624 

separation  from  the  sugar  solu- 
tion, 385 

Sulphurous  add,  199 

use  ofpyrites  for  the  preparation 

of  sulphurous  add,  206 

Sumac,  510 

Sun  hemp,  341 

Swedish  iron  refining,  22 

TALLOW  candles,  629 
Tanning,  508,  516 

—  in  liquor,  517 

the  bark,  516 

•—  materials,  509 

estimation  of  value  of,  612 

—  quick  process,  517 

—  uie  several  operations,  513 

Tar,  condensation  of  the  vapours  ofL 
686 

—  distillation  of,  688 

—  mode  of  operating  with,  688 
•—  preparation  of,  685 

—  properties  oj^  687 

Tawer*8  softening  iron  to  smooth  the 

leather,  519 
Tawing,  522 

—  common,  522 

Temperature  of  blast-fomaoe  at  dif- 
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Tempering:,  20 

—  steel,  30 
Teira-ootta,  311 

Temdite  and  siderolite  ware,  309 

Thickenings,  610 

Thoms£N*s  method  of  decomposition 
of  cryolite  by  ignition  with  car- 
bonate of  lime,  259 

Tiles  drain  and  gutter,  318 

—  roofing  and  Dutch,  318 
Tin,  73 

—  applications,  74 

—  nitrate  of,  76 

—  preparations  of,  75 

—  properties  of,  74 
Tinned  sheet  iron,  75 
Tinning,  75 

—  of  copper,  brass,   and   malleable 

iron,  75 
Tinsalt,75 
Tobacco,  477 

—  leaf,  chemical  composition  of,  478 

—  manufacture,  478 

—  smoking,  479 

Tow,  or  tangled  fibre,  340 
Tubes,  distillation  of  zinc  in,  79 
Turkey  red,  608 
Turmeric,  596 
TuBKBULL's  blue,  37 
Turpentine  oil  Tarnishes,  400 
Tyraline,  575. 

TTCHATIUS'S  steel,  28 
U     Ultramarine,  264 

—  artificial,  264 

—  cobalt,  38 

•—  constitution  of,  207 

—  oonTersion  of  green  into  blue,  266 

—  green  preparation,  265 

—  manufacture,  264 

—  native,  264 

—  properties  ot,  267 

—  sulphate  of,  preparation,  265 
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SOME  OF  THE  EFFECTS  OF  THE  CLIMATE  OF  ITALY. 

Crown  8to.,  is.  6d. 
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THE  TREATMENT  OF  OBSTINATE  ULCERS  AND  CUTA- 
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ADVICE    TO    A    MOTHER    ON   THE    MANAGEMENT   OF 
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COUNSEL    TO    A    MOTHER :  being  a  Ck)ntmuation  and  the  Completion 
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THE  DIAGNOSIS   AND  TREATMENT    OF   CANCER   AND 

THE  TUMOURS  ANALOGOUS  TO  IT.    With  coloured  PUtei.    Sto,  I4(. 


MMMM«l«l«l#riMtfW# 
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WORMS:   a  Series  of  Lectures  delivered  at  the  Middlesex  Hospital  on 
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\ 


MS88R8.  J.  A  A.  CHUBCHILL  8   PUBLICATI0N8. 


A  DICTIONARY  OF  PMoflCAL  SURGERY  AND  ENCYCLO- 
PEDIA OF  SURGICAL  SCIENCE.    New  Edition,  brought  down  to  the  prasent 
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A  TREATISE  ON   SYPHILI&    8vo.,  lo.. 
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Cobttied  Chart.    Second  Edition.    8vo.,  10«. 
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EMPHYSEMA,  ASTHMA);    with   an  Appendix  on  some  Principles  of  Diet  in 
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IRRITATIVE  DYSPEPSIA  AND  ITS  IMPORTANT  Con- 
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QBGROE    QA8KOIN,    SURGEON. 

THE  MEDICAL  WORKS  OF  FRANCISCO  LOPEZ  DE  VILLA- 
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Biography  and  Commentary.     Post  8vo.,  10^.  6d, 
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ON  VARICOSE  DISEASE  OF  THE  LOWER  EXTREMITIES. 

^  LimoKiAH  LiCTU&u.    With  Plates.    8vo.,  5i. 

SIR   DUNCAN   QIBB.   BART..   M.D.  T 


THE    LARYNGOSCOPE   IN  DISEASES  0¥  "m^  TSSSi^>  ' 


with  M  CbMpter  on  Rii  rjroflCOPT.  ,  Third  Ec\\uoii«  nixlki  In^^nenn^    Ctw*^  ^^^^^j*- 


\ 


18  MESSRS.  J.  A  A.  CHURCHILL's   PUBLICATIONS 


ROBERT    Q.    QLENN,    LL.B^    BARRI8TERAT-LAW. 
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O.    A.    GORDON    M.D.,     O.B. 
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R.    J.    GRAVES,    M.D.,    F.R.8. 

STUDIES    IN    PHYSIOLOGY    AND    MEDICINE.    Edited  by   * 

Dr.  Stokes.    With  Portrait  and  Memoir.    8yo.,  14«.  } 

T.    GRIFFITHS. 

CHEMISTRT     OF     THE     FOUR     SEASONS- Spring,     Summer, 
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THE  PRINCIPLES  AND  PRACTICE  OF  PHYSIC.    Seventh  Edition.    With 
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GUY'S  HOSPITAL  REPORTS.   Third  Series.    Vol.  XVn.,  8vo.  7*.  w. 


^^»^t^»^^^^^^t0^^^^^r^ 
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J.    BO>A^ER    HARRISON,    M.D.,    M.R.C.P. 
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F.    >A^.     HEADLAND,    M.O^    F.R.O.P. 

ON    THE    ACTION   OF    MEDICINES    IN    THE    SYSTEM. 

Fonrth  Edition.    8vo.,  14s. 

II. 
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